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Abstract


 


Providing the residents with information on their energy use
has become a feasible option to promote energy savings in
residential sector. The authors have constructed an interac-
tive "energy consumption information system" that displays
energy consumption of the whole house and domestic appli-
ances. The display system were set up into 10 residential
houses and the effects on energy consumption have been
analyzed in detail based on the monitored energy data be-
fore and after the installation of the system and also on the
log of how the residents responded through the keyboard. 


In this paper, the amount of energy savings actually
achieved by setting up the display system and how these
savings were achieved by the residents will be described.
Some of the observed facts to be shown are the following:


1.  The responses of residents to the questionnaire were 
received for more than nine months and provided us 
with useful information. The participants became 
especially interested in the daily load curve.


2.  Total energy consumption was reduced by 12% after the 
installation of the system.


3.  60% of the houses recognized and reduced standby 
power consumption.


4.  70% of the houses paid attention to the energy consump-
tion for space heating and they have taken actions such 
as switching to other appliances and reducing the length 


of space heating. Some of the houses were successful to 
cut down their heating demand by 20–45%.


 


Introduction


 


In Japan, the number of residential houses and the floor
space per house are increasing, and the diffusion of various
appliances causes the increasing energy demand in residen-
tial sector. In order to meet the Kyoto Protocol, it has be-
come clear that reducing energy demand and consequently
CO


 


2


 


 emission in this sector is vitally important. 
This study focused on the awareness of residents to ener-


gy conservation and on the potential of reducing energy de-
mand through energy saving activities. The method
introduced here is to induce energy saving by providing
household members with information on actual domestic
energy consumption. A number of researches have been
conducted with regards to this; for example, C.Egan investi-
gated the relationship between different display formats
and the reaction to each from informants [Egan, 1999].
M.Newborough analyzed the effectiveness of an appliance-
specific display showing the energy consumption for cook-
ing [Mnsouri, 1999][Wood, 2003a], and classified the fea-
tures necessary for displaying energy information [Wood,
2003b]. Brandon analyzed the most effective energy saving
technique among several feedback methods using, for ex-
ample, computer, leaflet, etc [Brandon, 1997] [Brandon,
1999]. In Japan, the "Shoene-navi (energy saving navigator)"
developed by the Energy Conservation Center of Japan dis-
plays the power consumption of an entire household [EC-
CJ]. Osaka Gas developed an energy consumption
information service in an experimental apartment house
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called "NEXT21". This service not only measures electric
power and heated-water supply, but also displays graphs of
consumption charges on a web browser [NEXT21, 2002]. In
these researches, however, the energy awareness behaviors
of the consumers induced by these energy information sys-
tems were not discussed in detail. 


The authors have developed an on-line Energy Con-
sumption Information System (hereafter referred to as
ECOIS I) that provided residents with information on end-
use electric power consumption, and installed the system
into 10 residential houses. It was confirmed that power con-
sumption of the whole house was reduced on average by
about 9% across eight households [Ueno, 2003]. However,
the experiment showed that it was necessary to provide res-
idents with information not only on electric power consump-
tion but also on other energy sources consumed in each
household in order to reduce total energy consumption. 


In this context, the authors constructed a new on-line En-
ergy Consumption Information System (hereafter referred
to as ECOIS II) that provided residents with information on
city gas consumption and room temperature in addition to
electric power consumption. The ECOIS II was installed in
10 residential houses in a city near Osaka. 


The main purposes of the study were to analyze 1) how
consumers are interested in their household energy con-
sumption, 2) how consumers changed their behaviors to-
ward energy conservation and how power consumption
changed after installation of ECOIS II, and 3) whether there
are any energy saving effects of ECOIS II. In this paper, the
amount of energy savings actually achieved by setting up
the display system and how the residents achieved these
savings are described.


 


Construction and Experiment of an Energy 
Consumption Information System


 


THE MONITORING AND INFORMATION SYSTEM


 


Figure 1 shows the configuration of ECOIS II, which con-
sists of monitoring and distribution components. The mon-
itoring component includes Load Survey Meter (LSM) that
measures electric power consumption and city gas consump-
tion for the entire house, and a type of End-Use Meter


(EUM) that measures electric power consumption for each
home appliance and another type of EUM that measures
room temperature. Power consumption and city gas con-
sumption, room temperature are measured for intervals of
30 minutes. The measured power and temperature data by
EUM were sent to the LSM through distribution lines in a
house, and the city gas data were sent to the LSM through
an exclusive line. Data were then collected through PHS
network every night by a computer in the author’s laboratory
at Osaka University.


The distribution component includes a laboratory-based
computer which distributes data to the information terminal
in each house by E-mail. The logs of operation of the infor-
mation terminal and responses of the consumers to the en-
ergy tips were sent to the distribution server every morning.
Here, operation of the information terminal means pressing
of buttons on the screen of a terminal, namely, a B5-sized
laptop computer, by the customer.


 


DESIGN OF THE INFORMATION TERMINAL


 


Figure 2 shows the composition of the display on the infor-
mation terminal with an example of the graphs that can be
drawn on the screen. Although various display methods can
be considered effective for providing energy consumption
information, conciseness has a big influence on the overall
effectiveness of the display methods. Hence, the composi-
tion of the display needs to be designed carefully. The fol-
lowing were taken into consideration during the design
stage of the ECOIS display:


1.  Simple access to the detailed data.


A number of buttons are properly located on a single display
picture, and only a mouse is required in order to access var-
ious functions and more detailed data. The main graph area
is located at the center of the display picture, while windows
displaying energy saving tips and information on electricity
charge are located below and to the right of the main graph
area, respectively. Table 1 shows the various graphs that can
be displayed. Note that the measured power consumption
and city gas consumption data are displayed in terms of Jap-
anese Yen so that residents can understand it easily.


 


Figure 1. Configuration of ECOIS II.
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2.  Provision of useful information for residents to save 
energy.


While displaying a graph of each appliance, energy saving
tips are displayed on the message window. Each piece of ad-
vice urges the customer press one of following three re-
sponse buttons: [Yes], [I will try] and [Neither].


3.  Capability of recording operation of the information 
terminal.


When analyzing the awareness of consumers on energy con-
sumption and on energy saving potential, information on
how each consumer is interested in the energy consumption
of each appliance and how these interests change over time


 


Figure 2. Display picture on the information terminal (translated into English).


Buttons below the main graph area 


 
Daily 10 days 


Comparison with past 


data* 


Comparison with 


other houses 


Electricity charge of 


the appliances** 


Hourly electricity 


charge over a day 


Daily electicity charge 


over a 10-day period 


Daily electricity 


charge, present and 


past  


Own house and other 


house 


Electricity charge of 


whole house 


Hourly electricity 


charge over a day  


Daily electicity charge 


over a 10-day period  


Daily electricity 


charge, present and 


past 


Own house and other 


house 


Percentage of the 


electricity 


consumption 


charge 


Percentage of 


power expense of 


each appliance 


Daily percentage of power 


expense over a 10-day 


period 


--- --- 


City gas charge of 


whole house 


Hourly city gas 


charge over a day 


Daily city gas charge over 


a 10-day period 


Daily city gas charge, 


present and past  


Own house and other 


house 


Kerosene charge of 


whole house 


Hourly kerosene 


charge over a day  


Daily kerosene charge 


over a 10-day period 


Daily kerosene 


charge, present and 


past 


Own house and other 


house 


Total energy charge 


of whole house 


Hourly total 


energy charge 


over a day  


Daily total energy charge 


over a 10-day period 


Daily total energy 


charge, present and 


past  


Own house and other 


house 
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Temperature at 


living room 


Hourly room 


temperature over 


a day 


Daily average room 


temperature over a 10-


day period 


present and past  
Own house and other 


house 


* Past data means the daily data averaged over the current month, previous month and previous year. 


** There are many buttons in this section as shown in fig.2. 


Table 1. The buttons and corresponding graphs.
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are very important. Hence, operation of all buttons and the
responses to each tip were recorded.


Here, there is a button on the screen to show kerosene
consumption of the appliances, however, no monitored
household use kerosene in this experiment. Therefore, ker-
osene consumption is not shown on the screen.


 


ECOIS II EXPERIMENT


 


Monitoring was commenced in Dec. 2002 at 19 detached
houses in a newly developed town in the suburb of Osaka
and information terminals were installed on 2-8 Feb. 2003
into 10 houses among them. Energy consumption in other
nine houses was measured in order to identify the effect of
ECOIS II. Hereafter, group A means the household with in-
formation terminal, and group B means the household with-
out information terminal. Each household included a
married couple with 1-3 children (and one house included
an aged woman) and the averaged floor space of group A and
group B are 141 m


 


2


 


 and 139 m


 


2


 


, respectively. Although the
information about levels of education, incomes, and occupa-
tions are not investigated, it can be speculated that there are
no clear difference between group A and group B in its so-
cio-economic profile. Experiment continued until 13 Nov.
2003. 


 


Energy Awareness of Residents


 


Figure 3 shows the number of total operations (button press-
ing) and responses to energy saving tips per day averaged
over the ten households during ECOIS II experiment (280
days). It is clear that the number of total operations was very
large immediately after installation after that it decreased
gradually. However, the residents kept pressing buttons on
the screen of the information terminal long after the instal-
lation.


Table 2 shows the number of operations of buttons for se-
lecting graphs over the experimental period. The number of
[each appliance], [electricity charge of whole house] and
[city gas charge of whole house] operations were large
among the right-hand side buttons. The number of [daily]
operations were the largest, then comes [10 days], [compar-
ison with other house], and [comparison with past data] in
the buttons below the main graph area. The most residents
told in a questionnaire survey that they were interested in
the graphs of [comparison with other house] because these
graphs induced competitive spirit of the residents.


Figure 4 shows the number of operations of buttons for
each appliance averaged over each end-use purpose. The
number of refrigerator/freezer was the largest, then comes
TV and heated water supply. The numbers of space heating
and space cooling were smaller than other end-use purposes
because these appliances were used only several months,
whereas others were used throughout the year.


 


Change in Energy Consumption


 


EVALUATION PERIOD


 


Since the change of ambient temperature or the numbers of
household individuals influence energy consumption of the
whole house, it is difficult to evaluate the effect of ECOIS
II installation quantitatively in case they change. Therefore
ECOIS II experiment was scheduled to start at the middle
of winter when the ambient temperature would not change
very much for several weeks. To evaluate the effect of
ECOIS II installation on energy consumption, consumption
in two periods referred to as “period I


 


”


 


 and “period II


 


”


 


 was
compared. Here, 28 weekdays before installation of ECOIS
II was defined as "period I", and 28 weekdays after installa-
tion was defined as "period II "; here, weekdays means any
day except Saturday, Sunday, national holidays, the end and
beginning of the year. To evaluate energy consumption be-
fore and after installation impartially, the evaluation periods
were limited to weekdays only. A questionnaire survey was
used to check that no changes in the number of household
individuals, for example, as a result of a business trip or hos-
pitalization, or changes in the rooms used occurred. Also, en-
ergy consumption of houses in group A and group B was
compared for each period.


Figure 5 shows the evaluation period of ECOIS II exper-
iment. The average ambient temperatures at Period I and
Period II were 5.1 and 6.8°C, respectively.


 


CASE STUDY ON ENERGY SAVING ACTIVITIES


 


In this section, actual examples of energy saving activities of
consumers induced by the energy information system are
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Figure 3. Number of operations by the residents.
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Figure 4. Number of operations for each appliance averaged over
10 houses during ECOIS II experiment (280 days).
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described first, by using the data of household no.1 in Group
A. Table 3 shows the energy consumption of each appliance.
There are three sets of air-conditioners in this house. Only
the power consumption of electronic fan heater and TV2 in-
creased among 14 appliances whose information was dis-
played. Especially, reduction in space heating consumption
was large. City gas is consumed only for cooking and heated
water supply, not for space heating.


Figure 6 shows the daily load curves for space heating ap-
pliances during period A and period B. It can clearly be seen
from Figure 6 that consumption of the electric fan heater 1
increased and that of other space heating appliances de-
creased. Living room and dining room are connected in this
house and two electric fan heaters were used in these rooms.
The residents stopped using one of the two heaters after the
installation of ECOIS II. Moreover, they almost stopped
turning on the hot carpet, because they noticed that the car-
pet itself has enough insulation effect. 


Figure 7 shows the load duration curves


 


1


 


 of several appli-
ances in household no.1. Figure 7 (a) and (b) show the load
duration curves of TV1 and TV2, respectively. TV1, a 36-
inch television in the living room consumes 36W during
standby. TV2, a 14-inch television in the dining room did
not consume standby power. Although the load duration
curves of TV2 (Fig. 7(b)) did not change much after ECOIS
II installation, the power consumption of TV1 was reduced
dramatically as shown in Fig. 7(a). It shows also that the re-
duction occurred mainly in standby power. It turns out that
the induced energy saving activity for this case was discon-
necting TV1 from the outlet when it is not being watched,
not reducing the period of watching.


Figure 7(c) and (d) shows the load duration curves of elec-
tric pot and heated toilet, respectively. For the electric pot,
the hours of boiling water was not changed, on the other
hand the hours of keeping warmth was reduced after
ECOIS II installation. For the heated toilet, consumed elec-
tric power became smaller by adjusting its temperature set-
ting. 


Total energy savings were 25% in electric power and 14%
in city gas. 


 


1.  In this paper, the load duration curve means that the data converted from the measured power consumption [Wh] in every 30 minutes to electric power [W] and rear-
ranged into descending order.By analyzing the load duration curve of an appliance, useful information such as the amount of standby power, the operating hours and 
standby hours, can be acquired.


Buttons below the main graph area 


 
Daily 10 days 


Comparison 


with past data 


Comparison 


with other 


houses 


Total 


Electricity charge of the appliances 1 184.3 776.7 40.6 81.5 2 083.1 


Electricity charge of whole house 69 62 10.1 36.5 177.6 


Percentage of the electricity 


consumption charge 
55.1 30.1 --- --- 85.2 


City gas charge of whole house 52.9 38.8 2.7 29 123.4 


Kerosene charge of whole house --- --- --- --- --- 


Total energy charge of whole house 39.8 39.4 7.2 21 107.4 B
u
tt


o
n
s
 o


n
 t
h


e
 r


ig
h
t-


h
a


n
d
 s


id
e
 o


f 
th


e
 m


a
in


 


g
ra


p
h


 a
re


a
 


Temperature at living room 38.4 37.6 5.4 11.3 92.7 


 


Table 2. Number of operations (pressing buttons) averaged over 10 houses during ECOIS II experiment (280 days).


Before 


Installation


After


Installation


Not Installed Not Installed


Evaluation Period


Period I Period II


31 Jan. 10 Feb.


20 Mar.16 Dec.


Group A (10 houses, 


with ECOIS II)


Group B (9 houses,


without ECOIS II)


(Each Period has 


28 Weekdays)


Installation of 


Information Terminal  


Figure 5. Evaluation period of ECOIS II experiment.


Appliance 
Period I 


[Wh/day] 


Period II 


[Wh/day] 


Reduction 


[Wh/day] 


Rate of 


reduction 


[%] 


TV 1 789 335 454 58 


TV 2 347 355 -8 -2 


Refrigerator 2 259 2 187 72 3 


Electric pot 1 299 883 416 32 


Set of air con. 1 6 992 4 930 2 062 29 


Set of air con. 2 4 105 1 848 2 257 55 


Set of air con. 3 3 778 1 569 2 209 58 


Ele. fan heater 1 7 827 9 255 -1 428 -18 


Ele. fan heater 2 5 664 1 478 4 186 74 


Hot carpet 1 515 0 515 100 


Hot carpet 2 260 9 251 97 


Gas water heater 302 260 42 14 


Heated toilet 780 588 192 25 


Extractor fan 1 601 1 004 597 37 


Total of Not 


displayed 
20 047 17 662 2 385 12 


P
o
w
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r 
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o
n
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p
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n
 


Total 56 562 42 365 14 197 25 


City Gas Consumption 46 379 40 100 6 279 14 


 


Table 3. Energy consumption of each appliance in household no.1*
*Energy consumption of each appliance in each household in group A is shown in the appendix.
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CHANGES IN THE POWER CONSUMPTION DURING 
STANDBY


 


The so-called “standby power”of an electric appliance is the
power consumption during the period when it is not in use
by any of the household members, and it is defined, for ex-
ample, by the International Energy Agency [Huenges-Wa-
jer, 1999]. Standby power has received much attention in
the last ten years since it represents an apparent potential for
energy saving through improved control circuits or appli-
ance usage [IEA, 2001] [Ueno, 2001]. Power consumption
for appliances with the function of keeping warmth, for ex-
ample, an electric pot or a rice cooker, is not included in the


“standby power”. However, these appliances consume pow-
er when they are in the mode of keeping warmth, and once
a consumer becomes aware of the power consumption, the
consumer tends to treat these appliances as if these had
standby power. This section describes the changes in power
consumption when the appliances are in the mode of keep-
ing warmth.


Standby power consumption was identified for 63 appli-
ances, and power consumption for keeping warmth was
identified for 12 appliances among 114 electric appliances
which were monitored in both period I and period II.
Table 4 shows the number of appliances that consume


Figure 6. Daily load curves for space heating appliances in household no.1.
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(c) Eletric pot (d) Heated toilet


Figure 7. Load duration curves of each appliance in household no.1.


(a) TV 1 (b) TV 2
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standby power, and the number of appliance whose standby
power was reduced. Standby power of 11 appliances among
63 was reduced. The number of the households that re-
duced standby power of at least one appliance was 6 (60%). 


Figure 8 shows the load duration curves of a heated toilet
in household no.7 and of a television in household no.2. As
shown in Figure 7(d), temperature setting was adjusted for
the heated toilet in household no.1. Unlike the appliance in
household no.1, the heated toilet in household no.8 was dis-
connected from outlet when not in use. On the other hand,
the residents changed the mode of the TV in household
no.2 during standby to a mode of lower power consumption.


Table 5 shows the number of appliances that consume
electric power to keep warmth and the number of those
which the hours for keeping warmth were reduced. Hours
for keeping warmth of four electric pots among six were re-
duced. Figure 9 shows the load duration curves and daily
load curves of the electric pot in household no.6. Although
it kept warmth all day long in period I, it became to be dis-
connected from the outlet at night and boil water in the
morning after ECOIS II installation, in period II. The ener-
gy saving effect of this activity was approximately 10%. 


 


ENERGY SAVING ACTIVITIES FOR SPACE HEATING


 


Table 6 shows the energy consumption and the rate of re-
duction of energy consumption for each end-use purpose av-
eraged over ten houses in group A, and the maximum and
minimum value of each end-use purpose of group A. It turns
out from table 6 that the rate of power consumption for
space heating to the whole house is very large (45%). In ad-
dition, the rate of reduction of power consumption for space
heating is about 30%, which is second largest, after 


 


“


 


other
appliances


 


”


 


. These data show that the energy consumption
for space heating is very large and the energy saving poten-
tial is also large in winter. In the following, the change in en-
ergy consumption for space heating is investigated in detail. 


As mentioned above, only the city gas consumption of
whole house was monitored and the consumption of each
end-use purpose such as cooking, heated water supply and
space heating was not measured. In order to estimate the en-
ergy consumption for space heating, the city gas consump-
tion of gas fan heaters was estimated using their power
consumption and the city gas consumption of whole house.
By estimating the city gas consumption by gas fan heaters,


total energy consumption for space heating can be calculat-
ed. Figure 10 shows the energy consumption for space heat-
ing in the period I and II for each household in group A. The
average reduction was about 20 %. It should be noted, how-
ever, that the average temperature in period II was 0.9 de-
gree C higher than that in period I, therefore the actual
effect of ECOIS II installation may be less than 20%. 


 


CHANGES IN ENERGY CONSUMPTION OF WHOLE HOUSE


 


In this section, the changes in energy consumption of whole
houses are described as a result of energy saving activities of
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(a) Heated toilet in household no.7 (b) TV in household no.2


Figure 8. Load duration curves showing the reductions in standby power after ECOIS II installation for (a) a heated toilet in household
no.7 and (b) a television in household no.2.


Appliance 


Number of 


appliances that 


consume 


standby power 


Number of 


appliances 


whose standby 


power reduced 


TV 7 3 


Electric pot 1 0 


Electric rice cooker 3 0 


Dish dryer 2 0 


Microwave oven 1 0 


Microwave oven 


with city gas 
1 0 


Air conditioner 27 4 


Gas fan heater 4 2 


Hot carpet 2 1 


Kotatsu*  1 0 


Electric fan heater 2 0 


Electric stove 1 1 


Bathroom heater 1 0 


Gas water heater 10 0 


 * Japanese foot warmer with a quilt over it 


Table 4. Appliances consuming standby power.


Appliance 


Number of appliances 


that consume electric 


power to keep warmth 


Number of appliances for 


which the hours of keeping 


warmth were reduced 


Electric pot 6 4 


Electric rice cooker 2 0 


Heated toilet 4 2 


Table 5. Appliances with a function of keeping warmth.
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residents shown in the previous sections. Figure 11 and 12
show the relationship between the ambient temperature
and the daily power and city gas consumption of whole
house averaged over households in group A and B, respec-
tively. Energy consumption in period II of group A is lower
if these plots are compared with each other for the similar
temperature. On the other hand, energy consumption in pe-
riod II of group B remains in the same range as in Period I. 


Figure 13 shows the energy consumption per day of the
households in group A. The power consumption of whole
house averaged over ten households in group A was reduced
by 5 150 Wh/day (17.8%) and the city gas consumption of
that was reduced 4 875 Wh/day (8.8%). Figure 14 is for
group B. The power consumption of whole house averaged
over nine households in group B was reduced by 891 Wh/
day (4.7%) and the city gas consumption increased 179 Wh/
day (0.4%). 


From these observations, it is considered that installation
of ECOIS II did have considerable effect on energy saving.
The reduction rate of energy consumption averaged over
the ten houses in group A was 12%. It should be noted here
also that the energy consumption in winter depends heavily
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Figure 9. Changes in the power consumption of the electric pot in household no.6 at period I and II.


(a) Load duration curves (b) Daily load curves


Maximum value 


[Wh/day] 


Minimum value 


[Wh/day] 
End-use purpose 


Period I 


[Wh/day] 


Period II 


[Wh/day] 


Reductio


n 


[Wh/day] 


Rate of 


reduction 


[%] 


Number 


of app. 
Period I Period II Period I Period II 


TV 1 017 948 69 6.8 11 1 900 1 911 50 38 


Refrigerator 1 447 1 404 43 3.0 9 2 283 2 187 1 172 1 171 


Cooking 896 836 60 6.6 13 2 001 1 957 151 217 


Space heating 13 045 9 147 3 898 29.9 63 29 139 19 090 2 910 723 


Heated water 


supply 
783 659 124 15.9 10 1 722 1 696 245 130 


Other 


appliances 
460 319 141 30.7 6 2 380 1 592 6 4 


Not displayed 


app.* 
11 283 10 468 814 7.2 - 20 047 17 302 5 082 5 064 


P
o
w


e
r 


c
o
n
s
u
m


p
ti
o


n
 


Total 28 930 23 780 5 150 17.8 10 56 562 42 005 12 622 11 432 


City Gas 


Consumption 
55 274 50 399 4 875 8.8 10 105 467 109 622 24 055 25 381 


* Not displayed app. means the difference of the power consumption of entire house (measured by LSM) and the total of each 


displayed appliance (measured by EUM). 7.2% of reduction may indicate the possible spread of energy saving activities for 


those appliances that are not displayed. 


Table 6. Energy consumption and ratio of reduction for each end-use purpose.
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Figure 10. Energy consumption of space heating at period I and II
(secondary energy).
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on ambient temperature and hence the actual effect would
be less than 12%. 


The energy consumptions of the two groups A and B dif-
fer each other significantly as it can be seen from Figures 11
and 12. It was difficult to distinguish these differences at the
time of selection of households for ECOIS II installation
and the authors believe that this difference would not ob-
scure the evidence on the effectiveness of installing
ECOIS II.


 


Conclusion


 


In this study, an on-line energy consumption information
system for motivating energy saving activities was construct-
ed, and the energy saving activities induced by this system
were analysed based on the monitored data.


Major findings can be summarized as follows:


1.  The responses of residents to the questionnaire gener-
ated by the system were received for more than nine 
months and provided us with useful information. The 
residents were interested in the information on TV, 
power consumption of whole house, and space heating. 


2.  The load duration curves and daily load curves of appli-
ances in a household revealed that the residents saved 
energy for various appliances such as TV, electric pot, 
space heating appliance. Approximately 20% of energy 
consumption of whole house was reduced in the house-
hold no.1. 


3.  Reduction of space heating was the largest among end-
use purposes. 70% of the houses paid attention to the 
energy consumption for space heating and they have 
taken actions such as switching to other appliances and 
reducing the length of space heating. Some of the 
houses were successful to cut down their heating 
demand by 20-45%.
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(a) Electric power consumption of whole house (b) City gas consumption of whole house


Figure 11. Relationship between the ambient temperature and daily energy consumption averaged over the households in group A.
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(a) Electric power consumption of whole house (b) City gas consumption of whole house


Figure 12. Relationship between the ambient temperature and daily energy consumption averaged over the households in group B.
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Figure 13. Changes in energy consumption of whole house 
(group A, secondary energy). 
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4.  Standby power was reduced for 11 appliances among 63 
appliances by changing the operation mode at standby 
or disconnecting the plug, and 60% of the houses took 
some actions to reduce standby power consumption. 
Power consumption to retain warmth was reduced for 6 
appliances among 12 appliances. 


5.  The total power consumption decreased about 18% and 
the total city gas consumption decreased about 9% aver-
aged over ten houses with ECOIS II. On the other hand, 
the total power consumption decreased about 5% and 
the total city gas consumption increased 0.4% averaged 
over nine houses without ECOIS II. Thus it can be con-
ceived that installation of ECOIS II had certain influ-
ence on the energy saving awareness of the customers. 
Total energy consumption was reduced by 12% after the 
installation of the system.


It should be noted that the average ambient temperature in
period II (after installation) is 0.9 deg. C higher than that in
period I (before installation). Generally, the energy con-
sumption of the whole household increases with the fall in
ambient temperature in winter. Hence, it is thought that the
actual reduction rates were somewhat less than those values
shown in the conclusion number 2., 3. and 5. above. 
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Figure 14. Changes in energy consumption of whole house 
(group B, secondary energy) .
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Appendix


Household No.  No.1 No.2 No.3 No.4 No.5 
End-use purpose 


Period I II I II I II I II I II 


TV TV 1 136 690 1 515 907 890 909 469 539 662 593 


Ref. Refrigerator 2 259 2 187 1 278 1 279 1 817 1 803   1 546 1 578 


Electric rice cooker     905 964   166 217 


Microwave oven 


(with city gas) 
    249 228     


Electric pot 1 299 883 979 704   804 853   


Cooking 


Dish dryer     413 765     


Air conditioner 14 875 8 347 9 446 6 949 16 533 11 399 93 127 10 057 5 564 


Oil radiator     2 821 1 690     


Gas fan heater       417 392   


Hot carpet + Kotatsu 775 9 43 0 1 442 1 093 178 309 50 19 


Electric fan heater 13 490 10 734     18 596 17 701   


Electric stove   21 0       


Space  


heating 


Bathroom heater           


Heated 


water 


supply 


Gas water heater 302 260 505 431 543 324 1 226 961 1 722 1 696 


Heated toilet 780 588 505 431 543 324 1 226 961 1 722 1 696 Other 


appliances Others 1 601 1 004 560 108 6 4     


P
o
w


e
r 


c
o
n
s
u
m


p
ti
o


n
 


Entire house [kWh/day] 56.6 42.0 20.4 15.4 34.6 26.9 33.0 31.4 26.2 20.9 


City gas consumption [MJ/day] 167 144 127 104 87 91 261 235 380 395 


Table A1 Energy consumption of each appliance in household no.1-5.


Household No.  No.6 No.7 No.8 No.9 No.10 End-use 


purpose Period I II I II I II I II I II 


TV TV 1 900 1 911 1 223 1 321 50 38 532 732 1 796 1 838 


Ref. Refrigerator 2 283 1 937 1 205 1 243 1 282 1 171 1 172 1 233 1 622 1 603 


Electric rice cooker       669 638   


Microwave oven 


(with city gas) 
          


Electric pot 847 765 1 144 1 050   1 012 916   


Cooking 


Dish dryer       319 125 151 254 


Air conditioner 16 723 9 295 1 159 443 4 730 2 625 379 421 2 091 495 


Oil radiator     4 455 4 027 1 355 416   


Gas fan heater   147 111 224 240 200 226 159 106 


Hot carpet + Kotatsu   1 725 1 933 2 407 1 245 1 319 1 011 32 0 


Electric fan heater 2 422 2 422 1 459 1 918       


Electric stove         445 2 


Space  


heating 


Bathroom heater         182 120 


Heated 


water 


supply 


Gas water heater 1 670 1 409 658 597 245 130 435 354 525 423 


Heated toilet   885 810   149 80   Other 


appliances Others           


P
o
w


e
r 


 c
o


n
s
u


m
p
ti
o


n
 


Entire house [kWh/day] 40.9 31.0 18.3 18.4 28.1 25.7 12.6 11.4 18.5 14.6 


City gas consumption [MJ/day] 310 263 181 172 167 131 144 162 166 118 


 


Table A2 Energy consumption of each appliance in household no.6-10.
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Advanced metering can enable businesses to identify 
energy, cost and carbon savings by providing detailed 
information about the way in which they use their energy. 
Although this technology is fairly well established in 
companies with significant energy demands, it is not widely 
used by small to medium-sized enterprises (SMEs).


There are over 2.7 million manually-read energy meters in 
UK SMEs, all of which could be replaced by advanced meters. 
The energy consumption through these meters is estimated 
to cost £6.5 billion per year and lead to emissions of over  
50 MtCO2 per year.


From 2004 to 2006 the Carbon Trust carried out the first  
UK field trial of advanced metering for SME users. The  
trial aimed to demonstrate the potential benefits of the 
technology and to understand the case for encouraging 
widespread adoption of advanced metering by SMEs. A total 
of 582 advanced meters were installed in SMEs across the 
UK and metering services were provided to these sites by 
seven different consortia.


Executive summary 


Widespread use of advanced metering by SMEs can provide cost-effective 
carbon savings for the UK and significant energy savings for customers. 
The Carbon Trust’s field trial has demonstrated the potential benefits, 
identified key barriers and clarified the action required by the SME 
community, Government and energy suppliers to accelerate the market.


Figure 1	Average % carbon savings in SMEs using  
		  advanced metering
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SMEs using advanced metering 
can identify an average of 12% 
carbon savings and implement 
an average of 5% carbon savings.


The study has demonstrated that SMEs using advanced 
metering can identify an average of 12% carbon savings and 
implement an average of 5% carbon savings through reduced 
utility consumption, as shown in Figure 1. The SMEs involved 
in the trial achieved average annual savings of over £1,000 
and 8.5 tCO2 per site.
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Figure 2 shows the paybacks modelled for single and 
multi-site companies. Based on current meter and service 
costs, there is already a very strong business case for using 
advanced metering at multi-site SMEs, such as retail and 
wholesale chains, and for energy-intensive SME sectors, 
such as manufacturing. For single-site SMEs with lower 
energy consumption, the business case is less attractive 
with paybacks over five years in most cases. However, 
modelling has also been carried out using predicted costs 
and this has indicated that in future a clear business case 
will also exist for single-site SMEs with lower consumption 
levels, as the costs of metering services will be driven down  
by increased innovation, automation and economies of scale. 


Figure 3 Supplier costs and benefits for widespread  
		  roll-out of advanced gas and electricity metering 	
		  to the SME community, using current costs
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Figure 2 Advanced meter payback periods for SME sites 	
		  based on current and future costs


There is already a very strong 
business case for using advanced 
metering at multi-site SMEs and 
for energy-intensive SME sectors.


The trial findings highlight a 
significant barrier to the wider 
uptake of advanced metering 
due to the insufficient financial 
incentives for energy suppliers.


A variety of different metering services were included in the 
trial, ranging from basic data provision to detailed advice via 
phone calls and site visits. The highest energy savings were 
achieved by providing consumption profiles and energy saving 
recommendations via email. This is a significant finding which 
suggests that low-cost metering services could be provided 
using automated systems in future.


Although some SMEs were initially sceptical about the 
potential benefits of advanced metering, there was a 
widespread recognition of these once the services had been 
used. Of the many customers that were offered the chance 
to continue their metering service on a full commercial 
basis, over 80% opted to continue at the end of the trial. 


From the perspective of energy suppliers, there is likely  
to be a good business case for providing metering services 
to certain sections of the SME community which have large 
consumption or concentrated sites. However, as Figure 3 
illustrates, the current costs of providing advanced metering 
services to all SME users significantly outweigh the potential 
benefits. Furthermore, even as costs of technology continue 
to come down in future the business case for energy 
suppliers appears to remain marginal overall.
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1 �Lowest consuming groups refers to electricity customers in profile classes 3 and 4 and gas customers with annual demand of less than 732 MWh.


Furthermore, a very significant proportion of these carbon 
savings can be achieved with a net financial benefit to the 
UK. Figure 5 shows that at current costs, there would be a 
net UK financial benefit from rolling out advanced metering 
to all but the lowest use groups of SME users1. Under 
expected future costs there would be a net UK benefit for 
rolling out advanced metering to all business users.


Figure 5	Net UK costs and benefits for advanced metering 	
		  roll-out to all but the lowest consuming SMEs1


Electricity


N
et


 b
en


ef
it


 £
/m


et
er


Benefits Costs
0


100


200


300


400


500


600


700


Gas
Benefits Costs


0


2,000


4,000


6,000


8,000


10,000


Energy suppliers can benefit by altering their business models 
to realise new opportunities, such as sales of higher-margin 
metering services. They may also benefit from enhanced 
customer acquisition and retention. However, the trial 
findings clearly highlight a significant barrier to the wider 
uptake of advanced metering due to the insufficient financial 
incentives for energy suppliers to provide these services on  
a widespread basis. Given this context, if the SME advanced 
metering market is left to grow organically it is likely to 
develop in a fragmented way, with slow growth and limited 
economies of scale being achieved.


From the overall UK perspective, widespread adoption  
of advanced metering in the SME community represents a 
significant opportunity for achieving cost-effective carbon 
savings. Figure 4, which shows the results of the field  
trial scaled up to the UK level, illustrates that a total  
of 5.1 MtCO2 savings could be identified and 2.5 MtCO2 
savings could be implemented per year. This level of 
identified savings is equivalent to over 2% of all carbon 
emissions from UK businesses. Scaling up the results in 
financial terms indicates that total cost savings of £650 
million could be identified and £300 million implemented 
per year across the SME community.
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Figure 4 Field trial carbon savings scaled up to UK level


In the future annual savings of  
5.1 MtCO2 could be identified 
and 2.5 MtCO2 implemented at 
no net cost to the UK.
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In light of the significant cost savings available to SMEs and 
carbon savings achievable at net financial benefit to the UK, 
it is essential that the market for advanced metering in SMEs 
grows as rapidly as possible. Given the lack of incentive 
for energy suppliers to provide advanced metering services 
across the entire commercial sector, there is a very strong 
case for a mandated roll-out of advanced meters for SMEs. 


There are various policy options which could be used to 
achieve a mandated roll-out. The most basic policy measure 
would be to ensure that advanced meters are installed for 
all new and replacement meters.


Beyond this the Government could mandate an accelerated 
roll-out to increase the rate at which existing meter stock  
is replaced. An accelerated roll-out is likely to be most 
effective if targeted initially at all high-consumption SME 
users, where the business case is currently most attractive, 
and then extended to the wider SME community. Using a  
20% accelerated roll-out rate, targeted initially at the highest 
consumption users, could lead to savings of 1.5 MtCO2 per 
year by 2012 and 2.5 MtCO2 per year by 2016. 


Without a mandated roll-out, widespread uptake of advanced 
metering by SMEs is highly unlikely and a significant cost-
effective carbon saving opportunity will be missed.


Further supporting measures will also be required to 
ensure that the market grows in a coordinated manner. For 
example, it is vital that industry-wide standards regarding 
meter functionality and interoperability are adopted. This 
work is underway, led by OFGEM, but must be prioritised  
to ensure that agreement is reached at the earliest possible 
opportunity. Further measures are also required to ensure 
that the data from advanced meters is made freely available 
to the relevant parties and that standards are agreed 
relating to the frequency and format of data transfer.


For energy suppliers, roll-out will stimulate the market for 
innovative new metering services and generate increased 
customer awareness of the benefits of using such services. 
Widespread uptake of advanced metering would also help 
catalyse an associated energy services market, particularly 
for smaller service providers. It would also put in place 
an infrastructure of meters capable of supporting further 
policies to reduce carbon emissions in future.


The following is a summary of the key recommendations 
coming from the trial:


	Trade bodies, the Carbon Trust and others should continue 
to promote the benefits of proactive use of advanced 
meters to the SME community


	Based on the new evidence from this study the Government 
should take action to ensure a widespread roll-out of 
advanced metering technology to SME users


	Government should work to ensure that appropriate 
standards are put in place regarding advanced meter 
functionality, data availability and data transfer procedures


	Energy suppliers and metering service providers should 
investigate new business models to provide innovative 
metering services to their SME clients.


The benefits of advanced metering are clear in terms  
of cost savings for SMEs and carbon savings for the UK. 
Action is now required to stimulate the market and ensure  
a widespread roll-out of this important technology.


Without a mandated roll-out, 
widespread uptake of advanced 
metering is highly unlikely and  
a significant cost-effective carbon 
saving opportunity will be missed.
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1 Introduction to advanced metering
 


2 �Source: ‘Climate Change: The UK Programme 2006’, Defra report. End user emissions from business were 60.5MtC (222 MtCO2) in 2004.
3 �‘Code 5’ users are sites which already have electricity consumption monitored half-hourly.
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1.1 The potential benefits
The Government has set a target to cut carbon emissions 
by 60% by 2050 and, in order to achieve this, significant 
reductions will be required from all areas of the UK 
economy. Energy use by business is the largest source 
of carbon emissions in the UK and reducing energy 
consumption in companies of all sizes is therefore vital  
in order to meet our targets for reducing emissions.


In order to make reductions in energy consumption, consumers 
must first understand their energy usage. For many business 
customers the only information they receive on their energy 
consumption is via utility bills. However, the frequency 
of billing does not provide sufficient detail for energy 
management. The situation is exacerbated by the use of 
estimated bills which prevent customers from gaining an 
accurate picture of when and how their energy is consumed.


Advanced metering provides accurate and regular 
consumption data to consumers, allowing closer 
management of utility use. The half-hourly data derived 
from advanced metering can also be aggregated for billing 
purposes, avoiding the requirement for estimated bills. 


The overall carbon dioxide emissions from the UK business 
sector are around 220 MtCO2 per annum2 and around  
50 MtCO2 of these emissions come from SMEs which do 
not generally have any form of advanced metering of 
their utility use. There is therefore significant potential 
for carbon savings if advanced metering can help reduce 
energy demand in the SME sector.


1.2 Use of advanced metering 		
     in businesses
For large UK businesses advanced metering is often used 
across all three utilities (electricity, water and gas), but 
is most established for electricity. Consumption data is 
routinely captured by suppliers for high-volume consumers 
in the category referred to as ‘Code 5’3. This half-hourly 
data is used to provide accurate bills and also to allow the 
electricity to be traded via the Balancing and Settlement 
Code (BSC) system. Larger consumers of gas and water also 
benefit from using advanced metering and have found that 
when used to manage consumption, the savings achieved 
can justify the capital investment required. At this high 
consumption end of the market, where there are significant 
potential savings on utility bills and energy managers are on 
hand to interpret the consumption data, advanced metering 
is used to good effect. 


For small and medium-sized UK enterprises (SMEs), 
advanced metering is rarely used since half-hourly 
data is not required or collected by utility suppliers, 
and ‘optional’ systems are not commonly used. If the 
potential benefits of advanced metering could be realised 
in the SME sector, this could provide attractive cost 
savings for SME users as well as a significant contribution 
in terms of UK carbon savings. Some SMEs, for example 
chains of high-street retail stores, may also see Corporate 
Social Responsibility (CSR) and brand benefits from the 
reduced environmental impact associated with these 
carbon savings. 


Recent developments in areas such as communications 
technology have helped bring costs down, making 
advanced metering a more realistic proposition for smaller 
sites such as those found in the SME community. With these 
cost barriers eased, the Carbon Trust set up a major field 
trial in 2004 to investigate if the SME market can realise 
the cost and carbon benefits seen in many of the larger  
UK companies already using advanced metering.
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1.3 Principles of advanced metering
In general terms an advanced meter is any form of 
metering system which provides a greater degree of energy 
consumption data beyond that used for basic billing. The 
increased granularity of data provided by an advanced 
meter can be used for energy management purposes and also 
has the potential to be aggregated for, or by the supplier 
for billing purposes if required. Using metering for effective 
energy management requires consumption to be detailed 
at regular periods throughout the day. Half-hourly periods 
have become the most commonly used time interval for 
advanced metering systems.


The metering solutions involved in the Carbon Trust field 
trial can be most accurately described as ‘advanced 
metering, monitoring and targeting’ (AMM&T), as illustrated 
in Figure 6.


1.4 Analysing advanced metering data
Advanced metering can help identify energy savings in 
several ways. Figure 7 represents a typical half-hourly 
energy profile shown for two different days.     


Figure 7 illustrates three key types of potential energy saving 
measures that can be derived from advanced meter data:


1.	Base load reductions — the overall base load of the site 
can be studied and reduced, for example, by identifying 
unnecessary constant energy use.


2.	Process optimisation — the profile can be used to identify 
what equipment is running and when. Altering the start-up 
and shutdown times of key processes and equipment can 
reduce consumption by limiting the duration of high-energy 
use at the start and end of working schedules.


3.	Peak usage reduction — analysing timings and frequencies 
to establish the causes of peaks in energy usage, and 
understanding the causes in terms of specific activities  
or equipment. 
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Figure 7 Example half-hourly profile data, showing the 	
	 three key areas for energy reduction


Figure 6	Use of advanced metering: Data is collected and 	
	 analysed to identify and quantify possible savings, 	
	 saving measures are implemented, and data is 	
	 reviewed again 
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1.5 Sources of energy savings


Energy saving opportunities identified from advanced 
meter data can be pursued in a number of ways. This 
section highlights the role of benchmarking and describes 
how savings can be derived from information, process and 
investment-based actions.


Benchmarking


Benchmarking can play an important role in the effective 
use of advanced metering data. Reference data is 
collected for a site or process over a typical period of 
operation and comparisons are then drawn between this 
data and a relevant benchmark. Having an understanding 
of the consumption profile relative to ‘best practice’ 
sites or processes similar to the one being observed can 
provide a valuable reference for what can be achieved. 


Where groups of similar sites are monitored, those with 
lowest levels of energy consumption can be identified 
as best practice sites. The efficient processes and 
equipment used at those sites can then be rolled out to 
the other sites, with meter data being used to monitor 
performance against defined consumption targets.


Information-based (behavioural) energy savings 


Some of the easiest energy savings to identify and 
implement come from changes in behaviour. Understanding 
the scope for such savings requires an awareness of a site’s 
base load and energy usage profile, which can be obtained 
from advanced metering data. This information can be 
combined with an understanding of how employees use 
energy across the business to identify possible savings. 


The relevant behavioural changes can then be targeted 
via a motivational programme to foster a best practice 
approach to energy consumption within the organisation. 
Measures could be as simple as encouraging employees 
to turn off lighting and equipment when not in use. 
Advanced metering data can identify and quantify the 
effect of implementing these measures and monitor their 
impact over time. These types of savings typically cost 
nothing to implement.


Process-based energy savings 


Advanced metering data offers insights into the quantity 
of energy consumption used at specific times of day. 
By comparing this data with its operational patterns an 
organisation can build up a picture of how much energy is 
consumed by individual processes and specific equipment.


Data from advanced meters can identify where processes 
can be optimised and quantify their impact. Process-
based energy savings can be achieved by changing the 
start-up and shutdown times of specific systems or by 
altering their power usage and temperature settings. 
Process-based savings generally cost little to implement 
and there is usually no capital expenditure.


Investment-based energy savings


Advanced metering data can identify inefficiencies in 
equipment and infrastructure. The energy consumption  
of specific systems can be rated against manufacturers’ 
specifications and more efficient equivalents. This can 
inform the business case for an equipment upgrade or 
replacement. Investments might include more efficient 
heating or air conditioning systems, low-energy appliances 
or improved levels of insulation or glazing.


Investment-based energy savings may involve significant 
capital costs. However, the improvements have higher 
persistence levels than information-based or process-
based savings, which can sometimes be undone by 
changes in behaviour, procedures or staff4. 


1.6 Advanced metering technology


Metering solutions


There are a variety of advanced metering solutions on 
the market. In many cases more than one solution is 
viable and the selection of an appropriate system will 
be determined by the existing meter and the favoured 
technology of the meter service provider. The simplest 
solution is where a half-hourly meter already exists at 
the site. In this scenario no change is required to the 
hardware and the only additional requirement is an 
appropriate data provision service. 


For the majority of SME sites that do not have an 
advanced meter, a direct replacement is the preferred 
option for moving from a standard meter to an advanced 
meter. However, some service providers have proprietary 
clip-on style meter readers, which when coupled with 
a fiscal meter can offer a lower cost solution. Figure 8 
summarises the range of metering system options which 
are available.


4 �The persistence level of an energy saving action refers to the length of time that action has an impact on energy consumption.  
For example, a behaviour change may persist for a few months before employees revert to old behaviour.
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Communications 


Today’s lower cost communications is one of the main 
reasons advanced metering has become a realistic 
proposition for smaller consumers. Mobile networks make 
it simple to upload data from many disparate locations at 
relatively low cost. Previously, this would have required  
a large number of more expensive land lines.


Advanced meters are often able to record and store 
data locally for a period of days or weeks. Wireless 
communications can then be used to transfer energy  
data to a central database. 


Emerging communication systems, such as short-range 
local wireless networks, are expected to be used more 
widely in future, allowing metering communications  
costs to fall further. 


The specific communications solutions chosen are typically 
dictated by the practicalities of the site. Wireless systems 
can be less effective in basements and in locations with 
limited network coverage. However, high-gain aerials can 
often overcome such problems. As a last resort standard 
landlines can still be used.


Figure 8 Advanced metering technology options for SMEs
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KEY:
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1.7 Advanced metering services


Existing commercial services


A small number of advanced metering service providers 
currently offer a range of different commercial services 
for business users. These vary from remote collection of 
data from existing half-hourly meters to installing new 
advanced meters or providing ‘clip-on’ meter reading 
devices for existing meters where compatible.


However, there is currently a lack of full end-to-end 
metering services for the SME market. The smaller service 
providers tend to specialise in either data collection or 
meter installation and sometimes form strategic alliances 
with companies providing complementary services. A few 
larger players operate across all areas, but these tend to 
target the larger half-hourly ‘Code 5’ electricity market. 


Types of service offering


There are three generic levels of service which can be 
provided to accompany advanced metering technology  
for business customers to enable energy savings:


Data only — provision of the meter and access to the meter 
data, typically via a website with simple diagnostic tools.


Data and advice — provision of the meter and meter data 
plus some level of energy saving analysis and advice. This is 
typically sent via email.


Personal contact — provision of the meter and meter data 
plus some form of personal contact to provide customised 
energy saving advice, typically via telephone calls or  
site visits.


There are also some lower cost solutions aimed at the 
domestic market, including user-friendly displays showing 
consumption information but without remote access to 
meter data. However, the solutions used in the Carbon Trust 
field trial are focused on SME users and all involve remote 
collection of data and provision of access to this data.
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2.1 Industry structure
The UK electricity and gas markets were opened up to 
competition in the 1990s. Since then, new players have 
entered the market, leading to greater choice and a more 
competitive market. 


Utility regulators are responsible for protecting consumers 
and promoting effective competition. The Office of Gas and 
Electricity Markets (OFGEM) regulates electricity and gas 
markets. OFWAT, the Water Services Regulation Authority 
is responsible for the water industry. Both regulators wish 
to see improvements in metering and billing services as 
customers will benefit by being able to monitor and control 
energy and water use more effectively.


The UK energy industry comprises two main groups: 
suppliers and distributors. Customers have contracts  
with the suppliers who ensure that the customer receives 
energy and that it is appropriately metered and billed for. 
Distributors are responsible for the energy transportation 
infrastructure and suppliers contract them to physically 
deliver energy to their customers. 


Suppliers use meter reading and data collection services 
to keep track of their customers’ energy use. In theory, 
customers can choose which company provides them with 
their metering service. In practice, most SMEs leave this 
decision in the hands of their energy supplier.


2.2 Consumption and billing
Utility bills in the UK are based either on actual consumption 
data or on estimated readings. Suppliers generally require 
more accurate consumption information from their largest 
consumers. Customers with lower consumption levels can 
be handled through estimates, since from the suppliers’ 
perspective, the balance of any inaccuracies is fairly small 
relative to overall consumption levels.


2.3 Electricity metering


Market segmentation


In the electricity market, customer sites with peak 
consumption exceeding 100 kWh for three consecutive 
months are classified as ‘Code 5’ and suppliers collect 
actual consumption data into the Balancing and Settlement 
Code (BSC) system (see Figure 9 for more details). This 
process provides accurate bills for the customer as well as 
accurate predictions for electricity demand. Additionally, 
all companies are entitled to opt into the Code 5 system  
if they are prepared to pay additional charges and upgrade 
their meter. This typically appeals to larger organisations 
with multiple sites which separately do not exceed 100 kWh 
peak consumption, but collectively are significant. There 
are currently 107,000 Code 5 meters in the UK, of which  
as many as half are believed to have ‘opted in’ to the  
BSC system. 


Sites on Code 5 meters have access to their half-hourly 
consumption data. However, their ability to access this 
in a timely fashion is dependent on the energy supplier. 
In a 2005 survey, the Carbon Trust found that the time 
it took for energy suppliers to make data available 
varied from 24 hours to as long as a month. Clearly, 
long delays between consumption and availability of 
data compromise the usefulness of that data for energy 
management purposes.


Around 2.3 million electricity5 and 420,000 gas meters6 
are in use at SME premises in the UK. Water meters in 
the SME sector are estimated at around 1.6 million7.  
The gas, electricity and water markets are all segmented 
according to levels of consumption.


2 Metering and billing in the UK


5 �ELEXON 2007. 
6 �Nera/Datamonitor 2005. 
7 �Derived from OFWAT 2005 and SBS 2006. 
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Sites below the Code 5 threshold are sub-divided into  
a number of ‘profile classes’, based on type of customer 
and typical energy consumption levels. These range from 
domestic users (profile classes 1 & 2) to significant energy 
users (profile classes 7 & 8). The vast majority of business 


customers in profile classes 3-8 have standard, manually-
read meters and estimated utility bills. Table 1 provides 
a breakdown of the different groupings of business 
customers in the electricity metering market.


Group Description General billing type Number of 
meters


Average annual 
consumption


Profile class 3 Unrestricted Estimated 1,662,800 14,900 kWh


Profile class 4 Economy 7 Estimated 506,700 24,800 kWh


Profile class 5 0-20% Load factor Estimated 38,000 81,600 kWh


Profile class 6 20-30% Load factor Estimated 53,700 109,800 kWh


Profile class 7 30-40% Load factor Estimated 27,600 128,900 kWh


Profile class 8 >40% Load factor Estimated 48,100 142,300 kWh


Sub-total 2,336,900


Code 5 High consumption Accurate 107,000


Total 2,443,900


Table 1 Customer groups and consumption levels for electricity metering


Source: ELEXON, January 2007


Figure 9 The Balancing and Settlement Code


The Balancing and Settlement Code (BSC)


Like other commodities, electricity is produced, sold 
into a wholesale market and then resold to consumers. 
The Balancing and Settlement Code (BSC) contains the 
governance arrangements for electricity balancing and 
settlement in Great Britain and covers all electricity 
users and the companies that generate and supply  
the electricity. 


Under the terms of the BSC, generators who produce 
electricity contract with suppliers who sell it on to 
commercial and domestic consumers. These contracts 
are notified into a central settlement system, which is 
managed by ELEXON Ltd. Any difference between the 
amount of electricity contracted for and the amount 
delivered by generators or sold on by suppliers, is 
bought or sold through ELEXON’s systems. ELEXON 
debits and credits members’ accounts at the end of 
each day.
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Roles and relationships


Figure 10 shows the roles and relationships between the key 
players in the electricity metering market. 


The following descriptions explain the role of each player:


Customer
The Customer enters into a contract with a Supplier for 
provision of electricity. 


Supplier
The Supplier is licensed to supply electricity to the Customer 
and to charge them for their consumption. The Supplier also 
coordinates the associated contracts with the Meter Operator, 
Meter Asset Provider, Data Collector and Data Aggregator.  
The Customer may nominate these parties, but in most 
circumstances the Supplier appoints them.


Generator
The Generator owns the plant which generates the electricity 
and is licensed to sell electricity directly to the Supplier. 
Some Generators are owned by Suppliers. 


Distributor
The Distributor owns the local distribution network through 
which the electricity reaches the Customer. This includes 
cables, transformers, meters and other infrastructure assets.      


Meter Operator/Meter Asset Provider
The Meter Operator (MOP) has overall responsibility for 
operating and maintaining metering equipment. In most 
cases the MOP is also the Meter Asset Provider (MAP),  
but the consumer can opt to rent a meter from a MAP  
or purchase the meter directly. The MOP is contracted  
to the Supplier and normally has a separate contract  
with the Meter Asset Manager to manage the meter.


Meter Asset Manager
The Meter Asset Manager (MAM) is contracted by the  
MOP or MAP to install, commission, maintain, remove and 
dispose of the meter and to ensure that it complies with 
regulatory requirements. The MAM also contracts with 
other third parties to carry out on-site inspections etc.


Data Collector
The Data Collector (DC) is responsible for the collection and 
processing of consumption data from actual meter readings, 
or the determination of an estimate. This consumption 
information is then passed to the Data Aggregator.


Data Aggregator
The Data Aggregator (DA) is responsible for the aggregation 
of data regarding the electricity supplied to customers.  
The Supplier and ELEXON use this aggregated information  
for balancing and settlement purposes and to ensure that 
customers are billed correctly.


ELEXON
ELEXON runs the Balancing and Settlement Code system  
(see Figure 9 for more details). 


Data 
aggregator


Data
collector


Supplier
Meter 


operator


Distributor Customer
Meter asset 


provider


Meter
asset manager


Flow of electricity


Contract/data flow


Operational agreement


Optional contract


Generator


ELEXON


Figure 10 Schematic of key players and relationships in the electricity market


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html







13Advanced metering for SMEs


The following descriptions explain briefly the role of  
each player:


Customer
The Customer enters into contract with a Supplier for 
provision of gas.


Supplier
The Supplier is licensed to supply gas to the Customer and  
to charge them for their consumption. The Supplier also 
coordinates the associated contracts with the Meter Operator.


Shipper
The Shipper buys gas directly from the producers and sells 
this to the Supplier. In order to keep the level of gas in the UK 
network at a constant level, the Shippers need to balance the 
amount of gas going into the system with that which is being 
consumed. This process is carried out according to a legal and 
contractual framework set out in the Network Code.


Transporter
The Transporter (or Network Operator) owns the gas pipeline 
system. The Supplier needs consumption information for 
billing and the Transporter needs the same information to 
ensure balance in the network. As a result, most meters on 
the customer’s side of the network are owned and maintained 
by the major gas network owner — National Grid.  


2.4 Gas metering


Market segmentation


In the gas market, customers are divided into high and low 
volume users. High-volume users, with annual consumption 
levels of 58,600 MWh or more are classified as ‘daily read’. 
They are billed based on their exact consumption generally 
using advanced metering systems which provide daily 
(rather than half-hourly) readings. There are currently 
around 2,000 daily-read gas meters in the UK8.


Lower volume gas users in general do not have advanced 
metering systems and frequently receive estimated bills. 
There are over 400,000 such users, divided into four 
consumption bands (see Table 2 below). 


Roles and Relationships


Figure 11 (overleaf) shows the roles and relationships 
between the key players in the gas metering market.


Group Consumption General billing type Number  
of meters


Average annual 
consumption


Non-daily 1 73–732 MWh Estimated 381,000 170 MWh


Non-daily 2 732–2196 MWh Estimated 26,600 1,160 MWh


Non-daily 3 2196–5860 MWh Estimated 7,700 3,320 MWh


Non-daily 4 >5860 MWh Estimated or Monthly 3,100 14,240 MWh


Sub-total 418,400


Daily-read >58,600 MWh Accurate 2,000 x


Total 420,400


Table 2 Customer groupings and consumption levels for gas metering


Source: NERA, British Gas/Transco/Carbon Trust


8 �Source: Nera/Enviros report for Defra on Energy Efficiency and Trading, April 2006.


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html







The Carbon Trust14


Meter Operator/Meter Asset Manager
The Meter Operator is responsible for keeping the meter  
in order. The Meter operator contracts with a Meter Asset 
Manager (MAM) to install, commission, maintain, remove 
and dispose of the meter and to ensure that it complies 
with regulatory requirements. The MAM also contracts 
with meter workers to carry out on-site inspections.


Meter Reader
The Meter Reader gathers gas consumption data. These 
readings are fed back to the Supplier for the purpose of 
billing and also for the Shipper to ensure the gas on the 
network is balanced. 


2.5 Water metering


Market segmentation


In the water market, customers are generally classified  
as ‘large’ and ‘non-large’ users. Sites with a consumption 
above 50,000 m3/year are classified as large and are 
equipped with interval meters. These sites receive accurate 
bills based on this meter data. There are currently around  
1.6 million water meters located in SMEs in the UK. These 
consume a total of 915 million m3/year9. 


Most commercial sites can choose to fit water meters and 
receive more accurate billing. Half-hourly data is not routinely 
captured so most half-hourly water meters are used for 
process control systems. Table 3 provides a breakdown  
of the major groupings of business customers.  


Roles and relationships


Services concerning the supply and removal of water are 
generally restricted to a particular geographic area. Standard 
customers usually have little choice other than to enter into  
a contract with the local provider. However, large consumers 
using more than 50,000 m3 of water a year may be able to 
contract with someone other than the local supplier.


Water companies are responsible for the provision of water 
to all of the customers within their geographic supply area. 
They own the distribution network within that area, along 
with all of the metering and pipes. Water companies contract 
with meter readers to collect data so that they can bill 
customers according to their consumption.
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shipper
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Figure 11 Schematic of key players and relationships in the gas market


9 �OFWAT 2005.


Group Description General billing type Approx number  
of commercial sites


Average annual 
consumption (m3)


Non-large Up to 50,000 m3/year Estimated 1,600,000 570


Large >50,000 m3/year Accurate 2,500 261,000


Table 3 Customer groupings and consumption levels for water metering


Source: OFWAT
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2.6 Barriers to advanced  
		  metering for SMEs
Given the potential benefits of advanced metering it  
is important to understand why this technology is not 
currently widely used by the SME community. 


Customer-side barriers


Awareness of advanced metering — there is a low level  
of awareness among SMEs of advanced metering and its 
potential benefits. 


Linking energy use to costs — in general, SMEs believe 
their choice of supplier and underlying energy price rises 
are the main drivers of energy costs. They do not always 
recognise that changes in their own behaviour, processes  
or equipment can reduce costs significantly.


Limited time and resources — SMEs are resource and  
time constrained, and most do not have dedicated energy 
managers. Installing or using advanced metering may not  
be seen as a priority, even where there is awareness of  
the potential benefits.


Transparency of costs — there is a lack of transparency  
as a result of the complex market structure. For instance, 
since some metering service providers are not accredited 
data collectors the SME may have to bear the cost of 
managing two meters if they opt for advanced metering.


Understanding of service options — there is little 
understanding surrounding the levels of service, or resource 
investment required to best obtain savings using advanced 
metering technology. Many SMEs are not familiar with  
the concept of paying for metering services which can 
ultimately lead to energy and cost savings.


Availability of metering services — currently there is  
no widespread, competitive market providing advanced 
metering services for SMEs.


Supply-side barriers


Capacity of metering service providers — most suppliers  
of meter reading and data analysis services are small-scale 
players who are unlikely to have the capacity to drive  
large-scale market uptake.


Insufficient incentives for suppliers — the major energy 
suppliers are ideally positioned to drive a rapid take-up  
of advanced metering technology. However, most suppliers 
do not currently offer services targeted at SMEs. Although 
there are potential new revenue and customer acquisition 
opportunities these are not yet seen as sufficiently attractive 
to offset the costs associated with metering service provision 
or potential loss of revenue from reduced consumption. 
There are currently no regulatory requirements placed on 
suppliers to drive advanced metering forward.


Stranded asset concerns — the energy supply companies, 
associated meter operators and meter asset providers are 
concerned that investment in advanced meters will leave 
them with stranded assets if customers decide to switch 
suppliers. This is due to a lack of common standards  
for advanced meters to ensure that meters can be taken  
on and used by new suppliers as currently happens for 
conventional meters when customers change suppliers. 
There is also a concern about having to write off sunk  
costs associated with the current stock of meters which  
are still serviceable.


These customer-side and supply-side barriers must be 
addressed in order to accelerate the market for advanced 
metering. The aim of the Carbon Trust’s field trial has  
been to gain a better understanding of these barriers and  
to quantify the potential benefits of advanced metering in 
terms of cost savings for SMEs and carbon savings for the UK.
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3.1 Scope and objectives
In light of the potential carbon saving benefits of using 
advanced metering but also the existing barriers to 
adoption, the Carbon Trust decided to run the first UK  
field trial of advanced metering for the SME community.


The advanced metering field trial was devised with the 
following high-level objectives:


	Understand the potential benefits of advanced metering 
for SMEs


	Stimulate market demand by demonstrating that advanced 
metering can reduce energy consumption and costs


	Help understand the barriers to broader uptake and how 
they might be overcome


	Identify the nature of advanced metering services which 
yield the best savings


	Develop case studies, highlighting the advantages of 
advanced metering


	Quantify the potential UK-wide carbon savings 
attributable to advanced metering in the SME community


	Identify potential policy measures to stimulate uptake.


This project was managed as one of the Carbon Trust’s 
portfolio of Technology Acceleration projects10. This project 
began in 2004, most sites were recruited by the start of 
2005 and metering data was captured and analysed until 
late spring 2006.


3.2 Methodology and approach
To deliver the field trial, the Carbon Trust contracted  
with seven consortia all of which were already operating 
commercially in the metering market. The lead 
organisations are shown in Figure 12.


The delivery consortia each recruited portfolios of SMEs  
or SME-like sites and installed advanced metering for 
electricity, gas and water at these sites as appropriate (not 
all utilities were metered at every site). A total of 582 sites 
were involved in the trial.


Figure 13 illustrates the structure of the project. In addition 
to installing meters, the consortia provided varying degrees 
of support to the SME sites in relation to data provision, 
analysis and recommendations to reduce energy use. 


The consortia completed log books for each site, tracking 
the estimated energy savings for each recommendation and 
the extent to which each recommendation was successfully 
implemented. 


For each site a case study was also produced to describe 
the overall actions taken and associated savings made.  
These captured the situation at the site prior to advanced 
metering, including details about the organisation and 
annual energy and water consumption levels. Case studies 
included graphical data showing consumption and areas 
where potential savings had been identified. They also 
included the financial case for implementing energy saving 
actions and the levels of potential savings in terms of 
consumption, carbon emissions and costs.


As part of this process the consortia reviewed the half-
hourly meter data to identify and validate actual savings 
made for each of the utilities measured. Where it was not 
possible to implement energy saving recommendations, the 
reasons for this were discussed with the site and captured 
for reference.


3 The advanced metering field trial


10 �For more on Technology Acceleration visit: www.carbontrust.co.uk/technology/technologyaccelerator
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 BEAMA  www.beamaenergy.org.uk


 Bglobal  www.bglobalmetering.com


 EMT  www.eccl.co.uk


 Pilot Systems  www.pilotsystems.com


 TAC Satchwell  www.tac.com


 TEAM  www.teamenergy.com


 UPL  www.up-ltd.co.uk


Figure 13 Key players and relationships for the field trial


Figure 12 List of lead organisations involved in the trial
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The Carbon Trust appointed a team of independent auditors 
to review the energy savings reported. The auditors verified 
the nature of the recommendations and savings claimed at 
each site through a programme of site visits and analytical 
research using recorded meter data. The Carbon Trust 
collaborated with four external consultancies in the 
delivery of this project as detailed in Figure 14. 


3.3 Site activities
Figure 15 illustrates the key steps for the sites in the trial.


Site recruitment


Each of the delivery consortia managed their own 
recruitment of sites. The process adopted was intended  
to replicate typical recruitment techniques which might  
be used commercially for the roll-out of advanced metering 
services. This included direct marketing to new and existing 
customers and mass mailing of flyers to existing contacts.


Participating sites benefited from meter installation  
and service provision free of charge for the lifetime of  
the project. The amount of time, resource and capital 
investment dedicated to energy saving identification  
and implementation was left up to individual sites.


Meter installation


The delivery consortia installed the necessary metering and 
communications equipment for selected sites. A total of 64 
trial participants were already on Code 5 electricity meters. 
For these sites no meter installation was necessary. All that 
was required was access to the existing half-hourly data. 


The Code 5 sites were treated as a control group to 
investigate differences in use of advanced metering services 
between sites with and without existing interval metering. 
The findings from these sites were excluded from the bulk 
of the analysis in this report in order to understand the 
potential for advanced metering in the SME sector where 
sites do not currently have interval metering in place.


Of the remaining sites, 73 made use of ‘pulsed-output’ 
meters with the capability to capture half-hourly data 
through the use of clip-on readers. These readers allow  
half-hourly data to be obtained without the need for 
upgrading the primary meter. The remainder replaced 
existing manually read meters with new advanced meters. 
The majority of gas meters in the trial were replaced with 
half-hourly meters, but a number had the capability to store 
half-hourly data which could be collected by the consortia.   


Billing approach


The 64 sites already on Code 5 electricity meters were billed 
on their half-hourly consumption data under the Balancing 
and Settlement Code system. However, all other electricity 
meter sites (and all sites with gas and water meters) 
continued to be billed on the basis of estimated reads. 


Some sites were able to use the advanced meter data to 
provide accurate customer readings to their suppliers and 
therefore receive more accurate bills. In some cases the 
delivery consortia provided such customer readings on 
behalf of the sites using the meter data. Therefore, while 
all sites gained more accurate energy consumption data, 
only a limited number saw these benefits directly via more 
accurate bills during the trial. 


Figure 14 Project collaborators for the field trial


Site recruitment
	New customers
	Existing contacts
	Nominated sites


Meter installation
	Existing HH
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	New HH


Billing approach
	Based on HH data
	Informed by HH
	Estimated
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	Data only
	Data and advice
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Energy saving actions
	Recommendations
	Implementation
	Verification


Figure 15 Key steps for the sites in the trial


HH = Half-hourly


	AEA Energy and Environment coordinated the 
collation and analysis of log books and case studies 
and carried out the audit process


	TEAM managed a central database of all half-hourly 
meter data


	Paul Arwas Associates carried out the UK scale-up 
and cost/benefit analysis and supported policy 
development


	Hama provided project management services
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11 �Sixty-four of the 582 trial sites already had Code 5 electricity meters installed and have been excluded from the electricity analysis. However, 20 of these  
64 sites also had gas and water meters so only 44 of the 582 sites are excluded. Consequently a total of 538 sites are included in the main analysis. 


Type of service


Sites received different levels of interaction in the services 
provided by the consortia. These were classified as follows:


Data only (134 sites, incl. 39 Code 5 sites) — the most 
basic offering was the provision of meter data only, normally 
via a website. Basic online tools were provided to allow 
sites to conduct basic analysis of their energy profiles. 


Data and advice (112 sites, incl. 1 Code 5 site) — this 
intermediate level of service typically consisted of data 
provision together with a review of the site energy 
consumption and some basic energy saving recommendations 
relating to the profile. This information was normally 
communicated via email.


Personal contact (336 sites, incl. 4 Code 5 sites) — this 
level of service involved two-way communications with the 
site including detailed discussion around the consumption 
profiles, either via telephone or site visits. The delivery 
consortia produced site-specific recommendations  
and advice.


Energy saving actions


For each site the project team tracked the energy saving 
recommendations made by either the site or the consortia. 
Of the 538 sites which didn’t already have advanced 
metering installed11, a total of 504 sites (94%) identified (or 
were provided with) energy saving recommendations. From 
these, 304 (56%) implemented at least one recommendation. 
It is notable that only just over half of the sites in the trial 


had the inclination, resources or relevant experience to 
make use of advanced metering data. This is perhaps to be 
expected given the pressure on time and resources within 
SME companies. The project team recorded the estimated 
energy savings of each recommendation and the extent  
to which it was implemented. If the site was intending  
to implement a recommendation in a subsequent year this  
was also recorded. This was an important consideration  
for some sites as capital investment cycles may preclude 
energy saving recommendations from being implemented 
immediately. The data on expected future implementation 
is not included in the core set of field trial results in this 
report. However, it is used in the cost/benefit analysis  
(see Section 7) for modelling expected payback periods  
in future years. 


3.4 Characteristics of 
     participating sites 
The trial aimed to be representative of a broad range of 
SMEs covering different market sectors and geographical  
areas. It included a representative distribution of employees, 
utility bills and consumption levels. Sites also had different 
levels of prior experience in energy management.


Consumption levels


Table 4 summarises the overall and average consumption 
and emissions statistics12 for the sites in the trial, broken 
down by utility.


Although the sites in the trial came from a diverse range of 
industry sectors, their involvement was to some extent self-
selecting. Consequently the set of trial sites was skewed 
towards the larger end of the overall UK SME population.


Figure 16 shows that the average gas and electricity 
consumption for the sites in the trial (excluding the Code 5 
control sites) was greater than the average across the UK 
SME community as a whole. The sites in the trial typically 
had a gas consumption twice the average of UK SMEs and 
electricity consumption of over ten times the UK average 
(300,000 kWh/year as opposed to 22,500 kWh/year).


When the trial savings were studied in relation to company 
size, there was found to be no discernible difference in 
average percentage savings. This suggests that the difference 
in consumption levels between the trial sites and the UK 
average is not significant in terms of key trial findings.


Recruitment 
and meter 
installation at 
538 sites 
(100%)


Energy saving 
recommendations 
identified at 504  
sites (94%)


Energy saving 
recommendations
implemented at  
304 sites (56%)
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Figure 16	Comparison between UK average SME 		
		  consumption and the trial average
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Sites 44 518 108 101


Total consumption 70 GWh 160 GWh 97 GWh 355,000 m3


Average consumption 1,600 MWh 310 MWh 900 MWh 3,500 m3


Total emissions 30,100 tCO2 68,800 tCO2 18,430 tCO2 138 tCO2


Average emissions 684 tCO2 133 tCO2 171 tCO2 1.4 tCO2


Table 4 Annual consumption and emissions levels for trial sites


Sector Number 
sites


Average 
utility bill 


(£/yr)


Average 
carbon 


emissions 
(tCO2/yr)


Community, social 
and personal


77 41,400 290


Education 107 20,000 140


Financial and 
business services


53 32,200 210


Government 96 23,800 160


Health and social 
work


24 18,700 130


Manufacturing 16 50,100 440


Wholesale and 
retail trade


21 25,600 170


Other sectors 144 10,300 70


All sectors 538 23,400 160


Table 5 Breakdown of sites by sector


Industry sectors and utility bills


Table 5 breaks down sites by sector and presents sectoral 
averages for utility bills and carbon emission levels.


The average combined utility bill for the electricity, gas and 
water consumption (where measured) for the 538 core sites 
came to £23,400 per year and the average carbon emissions 
per site were 160 tCO2 per year. 


Sector coverage is fairly representative of the SME community.
The ‘Other’ category includes Utility providers, Transport, 
Agriculture and Horticulture. These have been grouped 
together due to low sample sizes.


12 �All carbon emission calculations in this report are based on the following carbon emission factors: Electricity: 0.43 kgCO2/kWh; Gas: 0.19 kgCO2/kWh  
(Source: www.defra.gov.uk/environment/business/envrp/gas/envrpgas-annexes.pdf) Water: 0.389 kgCO2/m3 (Carbon Trust derived from www.bre.co.uk/pdf/
WaterNews4.pdf)


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html







The Carbon Trust20


Number of employees


Figure 17 shows the relationship between the number of 
employees, the average carbon emissions and utility bills per 
site. Carbon emissions are generally seen to increase with the 
number of employees, as might be expected. The distribution 
is also influenced by the nature of the industry found in each 
employee band. Many of the small engineering and industrial 
sites with higher energy consumption are in the 100-250 
employee band, while some of the large offices, which are 
less energy intensive per person, are in the 250+ bands. 


Geographical spread


Figure 18 shows the distribution of sites, utility bills and 
carbon emissions by geographical region. Across the trial sites 
the highest average utility bills were seen in the North West 
and the lowest in Wales. The spread of sites was influenced  
to a large extent by the location of the consortia involved in 
the trial and consequently London and East Midlands had the 
largest number of participating sites. The East of England, 
Wales, the South East and South West were also well 
represented. However, there were far fewer sites in Scotland, 
the North East, Yorkshire and Humber, the North West and 
the West Midlands. There were no sites in Northern Ireland  
in the trial.


Figure 18 Site characteristics by geographical region
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Figure 17 Site characteristics by number of employees
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Types of energy saving recommendations


Figure 21 shows the types of energy savings identified for 
each site, broken down by the type of service provided. As 
might be expected, the overall number of recommendations 
tended to increase with the level of service provided. Around 
15% came from the Data Only service, 25% from Data and 
Advice and around 60% from Personal Contact interactions 
with consortia.


Across all service types process-based energy saving 
recommendations were by far the most prevalent, accounting 
for around 70% of all recommendations. Around 20% of the 
recommendations were information-based (behavioural) and 
the remaining 10% were investment-based. Most investment-
based recommendations came from the Personal Contact 
service, where the metering consortia were able to identify 
specific equipment upgrade and plant investment options 
based on a closer and more detailed understanding of  
the site.


           


Energy saving experience


Trial participants had varying degrees of prior experience. 
37% of sites had never undertaken any energy saving activity; 
54% had some history of energy saving activities, but had  
no active programmes; And only 9% reported that they were 
actively undertaking energy saving measures at the time  
of the trial. Figure 19 shows that sites which were already 
undertaking energy saving activities tended to have higher 
than average utility bills and carbon emissions. 


Single sites vs. multi sites


The field trial involved a mixture of single-site SMEs and sites 
which were part of larger multi-site groups (6 or more sites) 
but behaved independently, such as sites from retail chains. 
Generally SMEs which are part of a multi-site organisation 
benefit from economies of scale relative to single-site  
SMEs. They can aggregate consumption to negotiate more 
favourable contracts, coordinate metering roll-out across 
multiple sites and replicate energy saving initiatives. Of the 
trial sites, 132 were classified as single-site SMEs and 450 
were multi-site SMEs. 


Type of metering service


Sites received different types of metering service, depending 
on the requirements of the site and the capabilities of the 
consortium. As shown in Figure 20 over half of the sites 
received Personal Contact services. The average utility bill 
and carbon emissions are broadly similar regardless of service 
type, allowing a valid comparison to be made between these 
different types of interaction.


Figure 19	Site characteristics by prior experience  
	 of energy saving activities
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Figure 21	Breakdown of recommendation type  
		  for each level of service provided
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Figure 20	Site characteristics by metering service type
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This section summarises the key results from the field trial 
for consumption, cost and carbon savings. It analyses these 
savings by utility, sector, previous experience and level of 
service provided.


Throughout this section, where averages are quoted, the 
figures have been calculated using the arithmetic mean. 
This approach is used to prevent the results at sites with 
higher energy consumption and saving levels from skewing 
the overall results.


4.1 Headline results


Overall carbon savings


Figure 22 shows that across all sites in the advanced 
metering trial an average of over 12% carbon savings  
were identified and over 5% carbon savings successfully 
implemented within the time frame of the trial. These 
overall figures include the carbon savings across electricity, 
gas and water utilities. They also take into account all of  
the sites in the trial, including those where no energy  
saving actions were identified or implemented.


These findings are important in that they highlight the 
significant carbon savings which can potentially be unlocked 
in the SME community. By way of comparison, OFGEM has 
assumed that the potential level of energy savings from 
advanced metering in the domestic market is 1%13, while 
Sustainability First assumes savings in the range of 1-3%14.


Carbon savings by utility


Figure 23 shows the breakdown of savings by utility.  
The proportion of carbon savings achieved for gas and 
electricity are similar at just under 5%. Carbon savings from 
water are more significant in percentage terms, with an 
average of over 12% savings achieved.


The proportion of identified savings which were implemented 
successfully is higher for gas than electricity. Although a 
significantly higher level of carbon savings were identified for 
electricity, sites found it more difficult to implement these. 
This is likely to be due to the variety of recommendations. 
For example, electricity savings tend to be achieved via 
behavioural or process changes across a wide range of 
different equipment and systems, and through a number of 
control points. By contrast gas saving measures tend to be 
implemented via simpler centralised behaviour or process 
changes, such as to temperature and timing settings.


Figure 24 shows the average absolute carbon savings by 
site. The absolute carbon savings associated with water are 
very low relative to those for gas and electricity. This is due 
to the relatively low levels of energy used for pumping and 
treatment of water.


4 Results and findings


13 ‘Domestic Metering Innovation’, OFGEM consultation document, 1 February 2006.
14 ‘Smart Meters: Commercial, Policy and Regulatory Drivers’, Sustainability First, March 2006.
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Figure 23	Average annual % carbon savings by utility  
		  for all 	sites in the trial
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Figure 22 Average annual % carbon savings identified  
		  and implemented across all sites


Figure 24	Average annual absolute carbon (tCO2)  
		  savings by utility
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Consumption and cost savings


Figure 25 shows that on average sites in the trial saved 
around 375 m3 of water, 13,500 kWh of electricity and 30,000 
kWh of gas per year from advanced metering. This equates  
to average annual savings of £1,070 and 8.5 tCO2 per site.


Despite the fact that Figure 23 indicated that carbon savings 
from electricity (calculated at 0.43kgCO2/kWh) were slightly 
higher in percentage terms than savings from gas (calculated 
at 0.19kgCO2/kWh), it can be seen that the absolute levels  
of savings from gas are higher than for electricity due to the 
large volume consumed.


Figure 26 shows the average cost savings identified and 
implemented per year for each utility. On average, sites  
in the trial saved around £800 on their water bills, £870 on 
their electricity bills and £405 on their gas bills per year15. 
The financial savings achieved were directly related to levels 
of energy consumption, with high consuming sectors seeing 
the greatest financial savings.


These charts also highlight that although average kWh 
consumption savings are higher for gas than electricity,  
the average cost savings are higher for electricity due  
to relative utility prices.


4.2 Breakdown of savings


Savings by sector


Figure 27 shows the variation in percentage carbon savings 
identified and implemented for each sector. The variation 
in energy savings between different sectors is very 
significant in some cases. 


The Manufacturing sector implemented the largest average 
carbon savings (8.5%), followed by Education (7.2%) and 
Financial and business services (6.8%). Most sectors identified 
at least 10% in potential carbon savings, suggesting that 
there is scope for SMEs to make significant progress on 
energy management given the right incentives. The healthcare 
sector only managed to implement savings of 2%, less than 
a fifth of the savings identified. This result merits further 
research but there may be higher resistance to change  
in this sector, or longer approval cycles for process-based  
or investment-based actions.
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Figure 27 Average annual carbon savings by sector


15 �The underlying utility prices for this analysis were based on baseline 2005 prices of 6.5p/kWh (electricity), 1.8p/kWh (gas) and £2.7/m3 (water). However, where 
sites have special tariffs these were used.


Figure 25 Average consumption savings by utility
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Figure 26 Average annual cost savings by utility
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Savings by type of site


The field trial consisted of a mixture of single-site SMEs  
and SME-like sites which were part of larger multi-site 
groups, but behaved independently. Figure 28 shows  
the differences in levels of carbon savings identified and 
implemented for single sites and multi sites. On average  
the savings identified were around 4% higher and the 
savings implemented about 1% higher for multi sites than 
for single sites.


Discussions with the sites, the delivery consortia and energy 
suppliers have also concluded that a collection of similar sites 
can undertake an energy saving programme more effectively. 
The collective effort expended on identifying and 
implementing energy savings yields greater success than at 
individual sites since they are able to share best practice and 
transfer energy saving recommendations between sites.
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Figure 28 Comparing average % carbon savings  
		  for single-site and multi-site SMEs
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Figure 29 Average % carbon savings by level of experience


Savings by level of experience


Figure 29 highlights that sites with no prior energy saving 
experience made greater savings than sites with some prior 
experience of energy saving programmes. This probably 
reflects the fact that many of the ‘quick win’ savings had 
already been realised for sites with previous experience and 
that the measures now identified generally required more 
effort to implement. This is confirmed by Figure 30 which 
shows that more information-based savings were identified at 
sites with no prior experience of energy saving programmes. 
More process-based and investment-based measures were 
identified at the more experienced sites. 
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Figure 30	Breakdown of energy saving recommendation 	
		  types by level of experience


Savings by service type


Figure 31 considers savings by service type. The way in  
which energy saving advice was delivered to SMEs resulted  
in marked differences in the savings achieved. The Data Only 
service, where customers are simply provided with remote 
online access to their energy usage data, led to the lowest 
levels of savings. However, even here 10% energy savings 
were identified and 3% implemented on average. These are 
significant savings, especially as this service is considerably 
less resource-intensive for the service provider to deliver.


Most notably, the Data and Advice service, where energy 
saving advice is provided remotely via email, lead to the 
highest levels of energy savings, with an average of 15% 
savings identified and 7.5% successfully implemented.  
These savings are higher than those achieved for the 
Personal Contact service, with advice provided directly via 
site visits and telephone calls, where an average of 12.5% 
savings were identified and 5% implemented successfully.


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html







25Advanced metering for SMEs


0


5


10


15


20


Personal contactData and adviceData only


Ca
rb


on
 s


av
in


gs
 %


Identified
Implemented


Figure 31 Average % carbon savings by service type


This is a significant finding and there appears to be two  
key potential reasons behind this. Firstly, when service 
companies provide advice via site visits and telephone calls, 
it is generally highly customised and there is a tendency  
to focus on high added value recommendations. These are 
likely to lead to more complex process-based changes or 
more expensive investment-based actions. There is also less 
focus on providing generic energy saving recommendations, 
such as simple information-based or process-based changes. 
However, it seems that many SMEs, and especially those 
with limited prior experience of energy saving, can benefit 
from these quick win actions. 


Secondly, energy saving advice which arrives via email is 
readily available and more likely to be looked at and acted 
upon directly than more conventional energy audit reports. 
This is especially true when the email contains simple, 
intuitive graphical information, such as daily consumption 
profiles. Also, the email format allows the information to be 
easily forwarded on to staff within the organisation to take 
the relevant actions, for example operations or facilities 
management personnel.


Another key implication of this finding is the possibility  
of providing advanced metering services at significantly 
lower costs in the future. The email service model is highly 
scalable and it would appear feasible that automated 
systems could be used to analyse SME energy usage profiles, 
identify appropriate recommendations and automatically 
email these to the customer, with supporting graphical 
evidence. Such an automated service, backed up with call-
centre support, would allow for a significantly lower-cost 
service model than one involving on-site or telephone-based 
analysis and discussion as standard.


In summary, simply providing half-hourly data to an SME 
allows the site to identify and implement significant energy 
savings. However, to maximise the energy savings some form 
of additional advice service is required. This implies that the 
site either does not have sufficient expertise to use the data 
on its own or lacks sufficient time to analyse and act on it 
appropriately. The trial results suggest that using email as  
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Figure 32 Impact of site ‘buy-in’ on average carbon savings 


a mechanism for providing this additional service leads to the 
best results and this opens up the potential for highly cost-
effective metering services to be provided on a widespread 
basis in the future.


Level of site buy-in


Where sites had energy saving recommendations made  
but failed to implement these, the reasons for ‘failure’ 
were captured as lessons learnt case studies. These are 
discussed further in Section 10. One of the most common 
reasons was a lack of buy-in from the site. Typically such 
sites reported resource constraints or considered reviewing 
energy consumption to be a low priority activity. 


The average savings discussed previously in this report 
focused on averages across all non-Code 5 sites in the trial, 
including those which made no use of their advanced meter 
data. This information is useful in that it gives the most 
accurate representation of what might happen if there was 
to be a widespread roll-out of advanced metering across 
the SME community.


However, it is also of interest to understand the potential 
energy savings where a site is willing to commit at least  
a minimum amount of effort to using advanced metering 
information. The chart below shows the level of average 
savings achieved by sites which actively made use of the 
advanced metering data. 


Figure 32 shows that for sites where at least one energy 
saving recommendation was implemented the previously 
quoted average carbon saving of 5.1% rises to 8.6%. 


These findings indicate that a significant increase in savings 
can be achieved where sites have a level of buy-in to using 
the advanced meter.
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5.3 UK–wide implications
Overall carbon savings


Based on the assumptions set out above the total carbon 
emissions from UK SMEs which don’t currently have any form 
of advanced metering are estimated to be 53.6 MtCO2 a year. 


The trial results indicate that a roll-out of advanced electricity 
and gas meters across the entire UK SME population could 
identify annual savings of 5.1 MtCO2 and make annual savings 
of 2.5 MtCO2. 


5.1 Introduction
This section analyses the findings from the field trial in the 
context of the UK SME community. The trial results are scaled 
up to estimate the potential national impact of advanced 
metering across the UK and to identify the potential UK 
carbon savings available. 


As highlighted in the previous section, the carbon savings 
associated with water are low. Consequently this section 
focuses on electricity and gas consumption when considering 
the carbon saving potential at the UK level.


5.2 Basis for scale-up analysis
The scale-up analysis aims to identify potential carbon 
savings for the group of UK SMEs which don’t currently use 
advanced metering. Site savings have been scaled up to 
estimate UK savings for gas and electricity. The appropriate 
total size of current UK utility use and carbon emissions has 
been identified based on recent consumption data for sites 
using non-half-hourly meters in the UK.


The carbon savings have been scaled up on a per sector 
basis to estimate the UK carbon savings by sector. This 
assumes that the results in trial sample were broadly 
representative of sector-based trends at the UK level. 


The split of carbon savings between single sites and multi 
sites in the field trial has been found to be well aligned 
with the equivalent breakdown in emissions from UK SMEs 
as a whole. Nationally, an estimated 59% of non-domestic 
non-Code 5 metered carbon emissions are from multi-site 
organisations. In the trial, 65% of identified carbon savings 
were from the equivalent population.


Breakdown of UK SME meters by utility


For gas meters the field trial findings have been scaled to 
those that would be seen across the user base of SMEs that 
don’t currently have interval metering. This equates to 
around 418,000 meter points. According to National Grid, the 
total gas consumption across these users is around 153 TWh 
per year, which equates to carbon emissions of 29.1 MtCO2.


Similarly, for electricity meters the trial findings have  
been scaled to those that would be seen across the user  
base of SMEs that are currently below the Code 5 
mandatory threshold for half-hourly metering, equating to 
around 2.3 million meter points. According to ELEXON, the 
total electricity consumption across these users is around 
57 TWh per year or annual carbon emissions of 24.5 MtCO2.


The total energy consumption through SME gas and electricity 
meters is estimated to be worth £6.5 billion per year.


5 Scale-up of results to UK level


16 In England and Wales non-large users are about 59% of non-domestic water consumption. While segregated data for commercial and domestic is not readily available 	
	  	for Scotland, the same proportions have been used to estimate the consumption of water in Scotland by non-large user from the total non-domestic consumption.


Water savings


Since the carbon savings associated with water usage 
are low, the bulk of this report focuses on the potential 
benefits of advanced metering in terms of reducing 
emissions from electricity and gas consumption. 
However, it is worth noting that the identified annual 
water savings are very significant and consequently 
these have been scaled up as follows. For water meters 
the trial findings are assumed to be scalable to those 
that would be seen for the user base of SMEs currently 
classified as ‘non-large’ users (ie those customers 
consuming less than 50,000 m3). The data for water 
consumption in 2004/05 suggests that non-large users 
consume 915 m3 per year16.


In fact, the volume of potential UK savings identified is 
60% greater than the size of the proposed new Thames 
Water reservoir (whose cost, at 2006, is estimated at  
£1 billion) and nearly five times the output of the proposed 
Thames Water desalination plant. The financial savings 
associated with water are also considerable, and help 
build the business case for the customer.


UK SME consumption and cost data 
Total consumption 	 915 m3  
Assumed unit cost 	 £2.7/m3 


Total UK SME market 	 £2.5 billion
Source: OFWAT, Carbon Trust


Field trial findings and potential UK savings 
Savings identified 	 25.1%  
Savings implemented 	1 2.2% 


Cost savings identified	 £620 million 
Cost savings implemented 	 £300 million
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17 DTI http://www.dtistats.net/energystats/dukes5_2.xls  
18 ONS http://www.statistics.gov.uk/downloads/theme_commerce/PA1003_2006/UK_Business_2006_Optimized.pdf  
19 http://www.sbs.gov.uk/sbsgov/action/layer?topicId=7000011759 20 NERA, restricted circulation.


Table 6 Summary of UK SME data and field trial findings by utility


Utility UK SME consumption and cost data Field trial findings


Total 
consumption


Carbon  
emissions (MtCO2)


Assumed 
unit cost


Total UK SME 
costs (£bn)


Savings  
identified (%)


Savings 
implemented (%)


Electricity 57 TWh 24.5 6.5p/kWh 3.7 12.1% 4.7%


Gas 153 TWh 29.1 1.8p/kWh 2.8 7.2% 4.3%


Utility Potential UK SME carbon savings (MtCO2) Potential UK SME cost savings (£bn)


Identified Implemented Identified Implemented


Electricity 3.00 1.20 0.45 0.17


Gas 2.10 1.30 0.20 0.12


Totals: 5.10 2.50 0.65 0.29


Table 7 Summary of the potential UK-wide SME carbon and cost savings based on scaling up the results of the field trial


Carbon savings by sector


In order to calculate the breakdown of potential carbon 
savings by sector an approach has been used which draws 
together data from DTI17 (for total fuel usage by sector),  
the Office of National Statistics (ONS)18, the Small Business 
Service (SBS)19 (using headcount data to estimate the  
usage amongst large users and SMEs), NERA20 (estimates  
of half-hourly electricity usage by sector) and the Carbon 
Trust (which sectors are likely to have interval vs. non-
interval meters).


Given the difficulty in drawing together several different  
data sets these results are included to provide an illustrative 
breakdown of where the savings can be achieved, rather than 
to estimate total potential carbon savings. It therefore serves 
to highlight the relative magnitude of carbon savings available 
in individual SME sectors.


Figure 33 combines the sector-based breakdown in national 
emissions and the carbon savings from the trial to give an 
indication of the identified carbon savings by sector. This 
shows that the largest carbon savings are mainly concentrated 
in two sectors, Wholesale and retail trade, and Manufacturing, 
which together account for 60% of identified savings.


Other sectors* 21%


Health and social work 1%


Government 2% Community, social 
and personal 3%


Education 5%


Financial and 
business services 8%


Manufacturing 25%Wholesale and 
retail trade 35%


Figure 33 Breakdown of potential UK carbon savings  
		  by SME sector


* Other sectors consists of various sectors which had small sample sizes, 
  including transport and agriculture.


These are very material carbon and consumption savings with  
a significant associated financial benefit. In financial terms, this 
is equivalent to savings of £650 million per year identified and 
£300 million per year implemented. 


Table 6 summarises the consumption and cost data for UK SMEs 
and the field trial findings in terms of savings identified and 
implemented. Table 7 summarises the potential UK-wide SME 
carbon and cost savings based on scaling up the results of the 
field trial. In terms of value to the UK, the carbon savings that 
can potentially be identified are equivalent to over 2% of all 
emissions from UK businesses.


Source: DTI, ONS and Carbon Trust


Source: DTI, ONS and Carbon Trust
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6.1 Overview
This section provides details regarding both the current and 
future costs of advanced metering technology and service 
provision, plus an associated set of underlying assumptions. 
This cost information is used in subsequent sections  
as the basis for performing separate cost/benefit analyses 
from the perspectives of the site owners, energy suppliers 
and the UK as a whole.


An assessment has been made of the average costs incurred 
by the participating sites, including the installation and use  
of the meters, and the technical and advisory support offered 
by the metering service providers. These estimates have 
been combined with the average savings in the trial in order 
to estimate the likely payback periods for the advanced 
metering services provided. 


6.2 Cost components
The cost of providing advanced metering solutions to a site 
depends not only on the nature of the services supplied but 
also on the current metering installations present at the site.


For sites without interval metering systems in place, the 
initial set-up costs will include the cost of the meter or 
logger and the costs for associated ancillary items including 
loggers, communication systems and appropriate software. 
There will also be a charge associated with the actual 
installation of the meter(s), although this may be included 
within the cost of the ‘service offering’ provided by the 
metering company.


Costs for meters and telemetry equipment are generally 
spread over a number of years. Software licence costs  
will typically be paid on an annual subscription basis. 


Following installation of one or more meters, the costs  
to the customer vary depending on the level of service 
provided to the site by the metering service company. 
These costs are largely made up of data provision and  
the time for offering utility efficiency advice. 


There are also operational costs, including staff time spent 
implementing the savings identified from the meter data.  
However, a significant proportion of savings can probably  
be carried out by staff as part of their normal activities 
without incurring additional costs. Investment-based savings 
measures will require further capital expenditure as well  
as management time. 


It should be noted that the cost/benefit analysis presented 
in this report does not take into account any potential 
increases in Balancing and Settlement Code charges due  
to handling actual data (as opposed to estimated data)  
for billing purposes. This is consistent with the fact that 
the savings in the field trial were achieved without the 
half-hourly data being used to generate accurate bills.


6 Advanced metering costs


6.3 Current costs
To build an accurate picture of the current costs for 
equipment and services, the delivery consortia involved in 
the field trial were asked to provide ‘current market value’ 
quotes for the services they provided. These quotes were 
then market tested with other key players in the industry 
and adjusted where applicable, to create a set of ‘average’ 
costs to use as the basis for analysis.


The cost/benefit analysis presented in this report has not 
taken into account the costs of any capital investments made 
in response to specific recommendations from the half-hourly 
data. This was due to a lack of availability of reliable data  
for the costs associated with the capital-intensive measures 
implemented. For consistency, the analysis also therefore 
excludes the benefits associated with investment-based 
savings. The costs also exclude any indirect costs potentially 
incurred by sites such as staff and management time.


Meter and installation costs 


The current costs for meters and associated equipment  
vary considerably. The key factors that influence this  
are the level of pre-existing equipment on the site and  
the local environment where the meter is to be installed.  
The unit price also depends on whether a single meter is 
installed, or whether multiple meters are installed at one 
site or multiple sites within the same parent company. 


Based on a variety of quotes from the meter and service 
providers in the trial, the current average total installed 
cost of an advanced meter is estimated to be £561. This 
includes provision for an initial site survey to establish 
technical requirements, estimated at £218, plus the cost of 
the meter itself and associated communications equipment, 
estimated at £343. The costs of data logging and telemetry 
links are affected by factors such as the proximity of  
pre-existing telephone lines or the availability of a mobile 
telephone network signal. 


The figures quoted above include typical communication 
costs experienced by the sites in the trial. Metering and 
telemetry costs can both be annualised and are spread over 
a period of three years which is a typical contract term for 
these services.
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Service and support costs 


The cost of metering consultancy services provided to SMEs 
depends on how much external support a site or group of 
sites is willing to fund. This, in turn, will depend on what  
the company perceives as its needs and on how much 
internal resource effort can be dedicated to this work.  
From the evidence of the field trial it is generally advisable 
for SMEs with no prior experience of advanced metering to 
have external expert support in the selection and installation 
of meters and initial interpretation of half-hourly data. 


As described previously, the sites in the trial were exposed 
to three different levels of service, which are referred to  
as ‘Data Only’, ‘Data and Advice’ and ‘Personal Contact’. 
Based on a variety of quotes from the service providers 
involved in the trial three separate average current costs 
have been calculated for these different levels of service. 
These costs currently range from £242 per year for ‘Data 
Only’ through to £936 per year for ‘Personal Contact’. 


It has also been necessary to differentiate service cost  
levels between single sites and multi-site organisations, 
based on separate quotes received from service providers.  
Multi-site organisations are those with six or more discrete 
sites. Organisations with more than six sites typically benefit 
from economies of scale both from purchasing volume and, 
in the case of the ‘Data and Advice’ and ‘Personal Contact’ 
service types, benefit from the use of benchmarks and 
recommendations mirrored across a number of similar sites. 


6.4 Future costs
The current costs reflect the current embryonic state of  
the market with low penetration in the SME community  
and a limited number of market propositions tailored for 
this segment.


However, experience from growth of other early stage 
technology and service markets suggests that there is 
significant potential for reductions in both capital and 
service costs as the market develops. This will be because 
of economies of scale as well as service innovations due to 
increasing levels of competition and larger players entering 
the market. A future cost scenario has therefore been 
based on a more developed market for advanced metering 
for SMEs in the UK. 


It is predicted that by 2012 this situation could be realistically 
achieved. Giving the market a clear signal and time frame 
will greatly help development and market innovation in  
this field.


Meter and installation costs 


Meter and installation costs are expected to drop significantly 
with volume. Using estimates from Sustainability First21 as 
guidance, and including some provision for site surveys at 
scale, it is projected that advanced meter costs could fall  
to £164 installed (at 2006 prices). 


Service and support costs


In a similar manner, service costs have the potential to fall 
rapidly as the market matures and levels of competition and 
innovation increase. In particular, costs for the information–
driven services such as the ‘Data Only’ and ‘Data and Advice’ 
are expected to drop dramatically at greater scale through 
increased use of IT systems automation and advances in 
analytical software packages for metering.


In future it is expected that service providers will be able  
to use automated systems to analyse SME energy usage 
profiles, identify appropriate generic and semi-customised 
recommendations and automatically email these to the 
customer, with supporting graphical evidence. Discussions 
with IT consultancies have indicated that costs of such 
services could fall as low as £70/year for a fully automated 
advice service and £20/year for supplying data only. This is in 
line with the current cost of similar services deployed at scale 
in other industries, such as personal credit rating services.


21 ‘Smart Meters: Commercial, Policy and Regulatory Drivers’, Sustainability First, March 2006.
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6.6 Utility prices
The other key set of assumptions underlying the cost 
benefit analysis in this report relates to utility prices.  
In order to assess the likely benefits of advanced metering, 
utility prices have been selected that reflect reasonable 
expectations of future prices.


The DTI publishes long-term energy price scenarios. 
Historical end user prices have been used which reflect 
likely conservative longer-term prices expectations. The 
period from 2003 to 2006 has seen steadily rising energy 
prices from relatively low to relatively high prices. 2005 is 
representative of typical conditions in the DTI central high 
scenario, and therefore these prices have been selected  
as a base case for the analysis and are thought to provide  
a realistic long-term energy price expectation. 


For electricity prices it is also necessary to distinguish 
between single sites, whose prices were close to domestic 
electricity tariffs, and multi sites, whose prices were 
closest to higher consuming industrial tariffs. 


Water prices are subject to variation by region as well as  
to overall price control, although suppliers control individual 
price tariffs. The 2003 prices recorded in the trial data  
were generally around £2.7/m3, which is consistent with the 
business water rates for 2006 published by Wessex Water. 
Table 9 summarises the utility prices.


Utility Users Price (2005)


Gas All users 1.8p/kWh


Electricity Multi sites 5.6p/kWh


Electricity Single sites 6.5p/kWh


Water All users £2.70 m3


Table 9 Summary of utility prices used for analysis


Component Costing scenario


Meter costs Current (£) Future scenario (£)


Site survey 218 44


Meter (inc. 
installation)


343 120


Total 561 164


Service costs Current  
single/ 


multi sites 
(£/year)


Future scenario  
(£/year)


Data Only 242/120 20


Data and Advice 522/176 70


Personal Contact 936/507 N/A


Source: Meter service providers, Sustainability First, Edengene, 
Carbon Trust, PAA


Table 8 Summary of current and future meter and service 	
		  costs used as the basis for cost/benefit analysis 


6.5 Summary of costs
The overall costs to a site for metering services used  
in this analysis are summarised in Table 8 below. 


In summary, the current costs represent typical costs  
to a site in the current market, based upon the service 
offerings provided during the trial. The future costs 
represent estimates of costs once the market for SME 
orientated advanced metering services has matured  
as part of a widespread roll-out.


The future cost of the ‘Personal Contact’ service is not 
estimated as it is expected that such a service model  
will never be cost-effective for widespread use in a future 
advanced metering market for SMEs, due to the high 
commitment of man-hours required. It is therefore assumed 
that service providers will in future use ‘Data Only’ or 
automated ‘Data and Advice’ service propositions to provide 
cost-effective services.


Source: DTI, Wessex Water
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7.1 Introduction
This section performs a cost/benefit analysis from the 
perspective of the SME customer, balancing the costs  
of metering equipment and service provision against the 
benefits in terms of consumption and cost savings. The  
aim of this is to determine to what extent an attractive 
business case exists for SMEs to adopt advanced metering 
under both current and future cost scenarios. 


7.2 Methodology
Advanced metering is an energy efficiency investment. 
Experience from the Carbon Trust and elsewhere indicates 
that the main financial investment criterion for energy 
efficiency investments for SMEs is the payback time, 
although many factors other than financial return play a 
part in investment decisions. Consequently, the site-level 
cost/benefit analysis involves studying the payback periods 
for the three different utilities and the range of sectors 
involved in the trial.


In addition to capturing the total carbon savings which were 
identified (average 12.3%) and implemented (average 5.1%)  
at each site, the project also recorded the anticipated 
savings (average 6.6%) based on predictions of which 
recommendations will be implemented in the following  
year, and those in the longer term (6.9%).


The method used to calculate paybacks for the site-based 
cost/benefit analysis is illustrated in Figure 34 and used the 
following assumptions: 


	At year 0, a site invests in an advanced meter incurring 
both the capital cost and the installation cost


	In years 1, 2 and 3 the site pays for the service that was 
provided during the trial (either Data Only, Data and Advice 
or Personal Contact)


	In year 1 the site gains the actual utility savings 
implemented in the trial


	In year 2 the site gains the predicted savings for the year  
as reported in the trial


	In year 3 the site gains the predicted long-term savings  
as reported in the trial


	In year 4 onwards, the site pays for the Data Only service 
and maintains the savings at the level of year 3.


7 Site–based cost/benefit analysis


In practice ongoing savings will be a trade-off between  
the level of new savings identified and implemented  
each year and the level of persistence of previously  
implemented savings, which in general will decline over 
time. The approach outlined above assumes that these 
factors balance out and that paying for an ongoing service 
simply serves to maintain the previously implemented 
savings. This assumption is intuitive rather than supported 
by any firm data. In fact a key area for potential further 
study is a longitudinal analysis of the effect of advanced 
metering on savings persistence factors. 


However, to a certain extent this assumption is not material 
to the business case as, based on Carbon Trust experience,  
it is unlikely that a payback time of greater than four years 
will act as a sufficient incentive for investment.


The calculated payback time is the point at which the 
cumulative benefits are greater than the cumulative costs.


This method is also somewhat conservative in that the 
capital cost of the meter is applied in total in year 0.  
In reality, the meter cost is likely to be spread over the life  
of the meter plus a service contract of, say, three years, 
thus bringing forward the payback time. As illustrated above 
the lifetime of the meter asset is assumed to be 15 years in 
line with assumptions generally used by meter providers. 


In calculating the benefits from the perspective of the  
site, no value was placed on reduced carbon emissions as, 
at present, there is no mechanism by which SME sites can 
realise carbon value. In line with the core analysis in this 
report, the sites with existing half-hourly electricity meters 
(Code 5 sites) have been excluded from the cost/benefit 
analysis. For the future cost scenarios it has also been 
assumed that supplier benefits (such as savings through 
remote meter readings, and distributed network operator 
fee savings) will be passed through to sites through lower 
energy prices. This is a relatively minor effect from the 
point of view of the sites, averaging about £10 per meter 
per year.


Benefits


Realised
savings


Projected
savings


Projected long-term savings


Meter
costs


Service
 costs


Data
 only


Years 1-3 Years 4-15


Figure 34 Approach used to model payback periods


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html







The Carbon Trust32


Future cost scenario


Figure 36 shows the payback periods for each of the utilities 
using the same energy prices but now based on the future 
cost assumptions.


This shows that the investment case for advanced metering  
is likely to be attractive for both multi and single sites in the 
future. In order to model this scenario, it has been assumed 
that the ‘Data and Advice’ service has been adopted by all 
sites since this service has the potential to be automated and 
delivered as a low-cost proposition in a mature SME metering 
market. Consequently only sites which received this level  
of service in the field trial are included in the analysis.


For multi sites paybacks are extremely attractive, at around 
six months for gas and less than two months for electricity 
and water. Unlike for the current cost scenario the paybacks 
for single sites also appear attractive at around three months 
for electricity. However, the sample sizes for the water and 
gas sites are low and potentially unreliable, so the results 
are not shown22.


7.3 Results
The site-level cost/benefit analysis presents the implications 
for single-site and multi-site SMEs separately.


Current cost scenario


Figure 35 shows the payback periods for each of the utilities 
based on the current cost assumptions and using 2005 
energy prices.


It shows that under these assumptions the investment case 
appears attractive for multi sites, with paybacks of about  
two years for gas, about one year for electricity and under six 
months for water. These paybacks are expected to meet most 
SMEs investment criteria, especially given the ongoing cost 
savings likely once the payback period has been reached.


The picture for single-site SMEs under the current cost 
scenario is less attractive, with significantly longer payback 
periods of about four years for gas and greater than five 
years for electricity and water.
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Figure 35	Payback periods for SME sites based  
		  on current costs 
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Figure 36 Payback periods for SME sites based  
		  on future costs 


22 The ‘future costs’ scenario assumes use of the ‘Data and Advice’ service by all sites. The analysis is therefore limited to sites in the trial which used this service.
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Paybacks by sector


The cost/benefit analysis has been extended to estimate 
paybacks by sector for the future cost scenario. Here the 
focus is on electricity meters, because there is insufficient 
data from gas and water meters in the trial once spread over 
all sectors. Again it is assumed that all sites adopt the ‘Data 
and Advice’ service, and results from single and multi sites 
have been combined to achieve reasonable sample sizes. 


Figure 37 shows that all the sectors have payback times 
below 13 months. The best returns are generated in the 
high-consuming sectors such as manufacturing.


Figure 37 Payback by sector for future costs (electricity only)


Other sectors


Community, social and personal


Government


Wholesale and retail trade


Education


Financial and business services


Manufacturing


Payback (months)
20 4 6 8 10 12 14


Summary


Based on current meter and service costs, there is already  
a strong business case for using advanced metering at  
multi-site SMEs, such as retail and wholesale chains, and  
for energy-intensive SME sectors, such as manufacturing. 
However, for single-site SMEs and SMEs with lower energy 
consumption the case is less attractive; although they  
will save money over the lifetime of the meter, the costs 
are currently prohibitive when considered in terms of 
acceptable payback periods. Modelling expected future 
meter and service costs indicates that in the future, a clear 
business case will also exist for single-site SMEs and users 
with lower consumption levels. This scenario requires the 
costs of metering services to be driven down by increased 
innovation and automation.


NOTE: Health and social work omitted due to low sample size. 
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8.1 Introduction
This section performs a cost/benefit analysis from the 
perspective of an energy supplier considering roll-out  
of advanced metering to its SME customers. This analysis 
balances the costs of providing metering equipment and 
dealing with stranded assets against the benefits in terms  
of reduced meter reading costs, reduced customer service 
costs and other avoided investment. The aim of this is to 
determine to what extent an attractive business case exists 
for energy suppliers to roll-out widespread advanced 
metering services to their SME customers under both 
current and expected future cost scenarios.


8.2 Methodology
The cost model used was originally developed by OFGEM  
to support recent work on domestic metering innovations23.  
OFGEM used the model to analyse the financial incentives 
for a supplier to install advanced metering in domestic  
non-interval metered sites, and is considered to be the 
most robust model available in the public domain. Some 
adjustments have been made to reflect differences between 
the SME and domestic markets. Figure 38 illustrates the 
balance between the key supplier benefits and costs 
associated with roll-out of advanced metering.


The model used for the cost/benefit analysis compares the 
annualised costs and benefits of advanced metering from 
the perspective of the supplier, using a 10% discount rate 
over the lifetime (15 years) of the meters. The analysis 
assumes instantaneous roll-out of meters.


8 Supplier cost/benefit analysis


Supplier benefits


Avoided new peak investment — by reducing consumption  
at peak periods the demands on the system at peak times 
are reduced. Consequently, the need for investment in 
generation, transmission and distribution assets is reduced.  
It has been assumed that 2.5% of peak consumption can  
be avoided if advanced meters are adopted. (Note: this  
is significantly lower than the savings achieved in the  
trial since savings will be spread throughout the day; 
consequently a conservative figure is presented.)


Faster reconnection — advanced metering can allow  
remote reconnection or disconnection. An estimated 25,000 
connections or disconnections occur in the SME market  
per year, priced at £150 per event. Faster remote 
reconnections means less call centre time and fewer site 
visits. Given the small number of such events in the SME 
sector, this benefit is relatively low.


Reduced technical losses — advanced metering leads to 
lower consumption and therefore reduces the losses in the 
energy supply networks, especially if reductions occur at 
peak times. A better understanding of gas and electricity 
networks allows better design and system optimisation. 
Network operators are under various incentive schemes to 
reduce losses through transmission and some benefits are 
seen by the energy suppliers. Advanced metering is thought 
to provide a 1% reduction in technical losses, and the 
current network operator incentive is placed at £48/MWh.


Reduced customer service costs — advanced meters 
provide more accurate bills, and will result in fewer 
inaccurate estimates and contested bills. Consequently 
demands on energy suppliers’ call centres will reduce 
significantly. 15% of sites contest their bills and require an 
average of 20 minutes call centre intervention time. Call 
centre time costs are estimated at £10/hour.


Avoided meter reading costs — advanced meters can be  
read remotely, removing the need for site visits. Frequency  
of billing depends on site energy consumption, but suppliers 
report that on average each meter is read manually (or an 
attempt is made) twice a year. These costs could be saved 
if advanced meters were installed. The ‘cost to serve’ 
figure quoted by Datamonitor, and subsequently adopted  
by OFGEM, indicates that the average cost of manual meter 
readings is around £2.60 per meter. Further additional cost 
savings may come from a more structured approach to the 
two-year annual inspection, and in practice this could also 
be combined with any scheduled meter maintenance.


Supplier benefits
Avoided new peak investment
Faster reconnection
Reduced technical losses
Reduced customer service costs
Avoided meter reading costs


Supplier costs
Meter costs
Installation


New systems
Stranded assets


Maintenance costs


Figure 38 Supplier benefits and costs from roll-out  
		  of advanced metering 


23 www.ofgem.gov.uk/Markets/RetMkts/Metrng/Smart/Documents1/12813-2006.pdf
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24 OFGEM Domestic Metering Innovation 2006.


Supplier costs


Meter costs — capital costs of new advanced meters based 
on market rates. It is assumed that costs are spread over  
a three year contract, not the life of the meter. 


Installation — cost of having meters installed on-site  
(as detailed in Section 6.5). 


New systems — new infrastructure and data processing 
systems are required to handle data from advanced meters. 
These have been calculated at £20 per meter for the 
suppliers’ systems over 15 years. These figures are based  
on work previously carried out by OFGEM24.


Stranded assets — the cost of replacing meters ahead of  
the end of their useful life has been taken into account. 
Prices for stranding have been derived from the price control 
review from the 2001 network operators. This places 
electricity meters at £15 and gas at £17.


Maintenance costs — advanced meters will potentially 
require more maintenance than standard meters. For the 
purposes of this analysis maintenance costs have been  
taken as 3.5% of meter costs. This includes one battery 
replacement for gas meters over their 15-year lifetime.


8.3 Results
As for the site-level analysis the supplier cost/benefit analysis 
looks separately at the costs and benefits under both current 
cost and future cost scenarios. 


Current cost scenario


Figure 39 shows the magnitude of the various costs and 
benefits for suppliers based on the current cost assumptions 
and assumes that suppliers provide advanced metering to 
the entire SME market.


For both electricity and gas the costs substantially outweigh 
the benefits indicating that there is no financial incentive 
for suppliers to initiate a widespread roll-out of advanced 
metering to the SME community. The crucial cost elements 
are the meter and installation costs, which clearly outweigh 
the benefits, the largest of which are the avoided meter 
readings and, for gas, the avoided peak investment.
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Figure 39 Supplier benefits and costs for widespread roll-	
		  out of advanced gas and electricity metering to 	
		  the SME community, using current costs
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Future cost scenario


Figure 40 shows the magnitude of the various costs and 
benefits for suppliers based on the future cost assumptions. 
Again, it assumes that suppliers provide advanced metering 
to the entire SME market. 


Using the future costs scenario improves the business  
case from the point of view of suppliers, but the financial 
incentives for a widespread roll-out of advanced metering 
to SMEs are still limited. For electricity, the costs still 
outweigh the benefits and for gas the case is marginal. 


Supplier business model innovation


In addition to the benefits included in the model, it is 
recognised that energy suppliers may also have strategic 
reasons for moving to the provision of advanced metering 
services for SMEs. These might include:


	Enhanced customer retention


	The ability to attract new customers from other suppliers


	The ability to sell higher margin energy consultancy 
services. 


These benefits have not been considered in the analysis since 
they are variable and difficult to quantify across all suppliers.


The analysis in this section suggests that a widespread roll-
out of advanced metering to SMEs is unlikely to be initiated 
by suppliers for all customers, given the potential costs and 
risks in terms of stranded assets and uncertainty regarding 
the regulatory environment. The medium-term outlook 
indicates that suppliers are only likely to target metering 
services at those SME customers at the high consumption 
end of the market, since smaller consumers represent  
a poor return on investment.


The site level cost/benefit analysis presented earlier provides 
a good indication of those SME sectors and types of sites 
which would be the best potential customers for advanced 
metering services from the suppliers’ point of view.


Summary


From the perspective of energy suppliers, the current costs 
of providing advanced metering services to all SME users 
significantly outweigh the potential benefits. Furthermore, 
even as costs come down, in future the business case 
appears to remain marginal. There is likely to be a good 
business case for providing metering services to certain 
limited sections of the SME community, such as SME-like 
multi-site companies (eg retail chains). However, the overall 
case is hampered by the large number of single-site SMEs, 
mainly due to the high cost to serve associated with these 
sites due to their disparate nature.
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Figure 40	Supplier benefits and costs for widespread roll-	
		  out of advanced gas and electricity metering to 	
		  the SME community, using future meter costs


There is some potential for suppliers to benefit further 
through altering their business models to realise new 
opportunities. However, the trial findings highlight  
a significant barrier to the wider uptake of advanced 
metering due to the insufficient financial incentives for 
energy suppliers to provide these services on a widespread 
basis. Furthermore, it is unlikely that simply targeting  
the sectors which are currently cost-effective will yield a 
large enough market to make the business case sufficiently 
attractive from the suppliers’ perspective. If the SME 
advanced metering market is left to grow organically it  
is likely to develop in a fragmented way, with slow growth 
and limited economies of scale being achieved.
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9.1 Introduction
This section provides a cost/benefit analysis for a roll-out of 
advanced metering across the whole of the UK. The analysis 
balances the entire set of costs, principally for the provision 
of metering equipment, against the entire set of benefits, 
including the social value of carbon emissions reductions, 
reduced consumption and other system and supplier benefits. 
It demonstrates the extent to which, under both current 
and future cost scenarios, the UK can achieve cost beneficial 
carbon savings and a positive economic outcome by rolling 
out widespread advanced metering to the SME community.


9.2 Methodology
To assess the impact of advanced metering on a net UK 
level a new model has been developed. The basis for this 
model is the core methodology used in the OFGEM supplier 
model discussed in the previous section. However, a number 
of modifications and assumptions have been made to reflect 
the picture at a net UK level and to allow carbon savings 
benefits to be compared effectively with other UK policy 
work relating to reduction of carbon emissions.


Figure 41 illustrates the balance between the key UK 
benefits and costs associated with roll-out of advanced 
metering.


9 UK net cost/benefit analysis


UK benefits


Social value of carbon reduction — the societal benefit of 
reduced carbon emissions is well accepted, and are valued 
here at £26/tCO2 in line with current DEFRA guidelines25.


Peak period reduction — reducing the peak energy 
consumption has a number of UK benefits mainly from 
avoided operation costs and network infrastructure costs 
relating to storage, transmission and distribution. 


Consumption reduction — advanced metering has been 
demonstrated to yield financial savings from reduced 
energy consumption. The savings from the trial sites have 
been used as the basis for cost-saving calculations at retail 
prices previously outlined.


Supplier benefits — avoided meter reads, reduced technical 
losses, reduced customer service costs and faster reconnection 
are all benefits of advanced metering which fall to the 
supplier (refer to supplier analysis). 


UK costs


Meter and service costs — market rates for advanced meters 
are spread over 15-year service life for the national analysis. 
Service costs of ‘Data and Advice’ are included in this figure 
(see costs in Section 6.5).


Installation costs — costs of installing individual meters  
at individual sites (see costs in Section 6.5).


New systems costs — new infrastructure and data processing 
systems are required to handle data from advanced meters. 
These have been calculated at £20 per meter for the 
suppliers’ system over 15 years.


Maintenance costs — advanced meters will potentially 
require more maintenance than standard meters. For the 
purposes of this analysis maintenance costs have been 
taken as 3.5% of meter costs. This includes one battery 
replacement for gas meters.


In line with the IAG Guidelines26 a standard treasury discount 
rate of 3.5% has been used on customer costs. On capital 
expenditure, a 10% cost of capital has been adopted to 
reflect a typical commercial return. It should be noted that 
stranded asset costs have been excluded from the UK-wide 
analysis, in line with Government guidelines, since these 
are effectively sunk costs and are not net costs to the UK. 
However, sensitivity analysis has also been carried out with 
these costs included; the effect is minimal and does not 
change the key outcomes of the analysis.


UK benefits
Social value of carbon reduction
Peak period reduction
Consumption reduction
Supplier benefits


UK costs
Meter costs
Installation


New systems
Maintenance costs


Figure 41 UK benefits and costs from roll-out of  
		  advanced metering


25 DEFRA GHG policy evaluation tool October 2006 (restricted). 
26 www.defra.gov.uk/environment/climatechange/uk/ukccp/pdf/greengas-policyevaluation.pdf
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9.3 Results
The UK cost/benefit looks separately at the costs and 
benefits under both current cost and future cost scenarios. 
As previously, it is assumed that ‘Data and Advice’ is used 
as the service model for all customers. The major cost is 
the provision of services to make best use of the meter data 
while the major benefits are reduced consumption and the 
social value of emission reductions.


Current cost scenario


Figure 42 shows the net UK benefits or costs of rolling out 
advanced electricity metering to the SME community, 
broken down by ‘profile class’ groups and based on current 
costs. At current meter and service costs there is a net UK 
benefit of around £600 per meter from providing advanced 
metering to customers in profile classes 7 and 8, the highest 
volume consumers, and a benefit of around £240 per meter 
for SMEs in profile classes 5 and 6. Usage through these 
meters is about 20 TWh/year, almost one third of all the 
electricity usage in the group of SMEs that don’t currently 
have interval-based meters for electricity. This represents an 
annual reduction of carbon emissions of about 0.40 MtCO2 
based on savings levels implemented in the trial. However, 
for the other SME customers in profile classes 3 and 4 
implementing advanced metering would represent a net 
cost to the UK of £110 per meter.
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Total annual  
emissions (MtCO2)


0.76 0.18 0.21


Net UK benefit or  
cost (£/meter/year)


-£110 £240 £620


Cost of carbon (£/tCO2) £318 No cost No cost


Figure 42	UK cost/benefit by electricity profile  
		  class using current costs


Figure 43 below shows the net UK benefits or cost of rolling 
out advanced gas metering to the SME community, broken 
down by consumption level and based on current costs.


At current meter and service costs there is a significant  
net UK benefit from providing advanced metering to gas 
customers in all but the lowest consumption band (up to 
732 MWh per year). Usage through these meters is 94 TWh/
year, or about 60% of all the gas usage in the group of SMEs 
that don’t currently have interval-based meters for gas.  
This represents a reduction of carbon emissions of about 
0.8 MtCO2 based on savings levels implemented in the trial. 
For the lower consumption SME customers implementing 
advanced metering would represent a net cost to the UK  
of around £7 per meter.
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Cost of carbon (£/tCO2) £5 No cost No cost No cost


Figure 43 UK cost/benefit by gas consumption  
		  band using current costs 
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Future cost scenario


Figure 44 shows future cost benefit analysis for electricity 
and indicates that advanced metering will be cost-effective 
for all profile classes. The potential carbon savings from 
electricity are 1.2 MtCO2.


Figure 45 shows the effect of applying the future cost 
scenario to gas advanced metering. It can be seen that 
advanced metering is cost-effective for customers in all 
consumption bands. Potential carbon savings come to  
1.3 MtCO2.
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Figure 44 UK cost/benefit by electricity profile class using 	
		  future costs 


Summary


From the overall UK perspective, widespread adoption  
of advanced metering in the SME community represents  
a significant opportunity for achieving cost-effective carbon 
savings as well as economic benefit for the UK. We have 
already seen that scaling up the results of the field trial to 
the UK level for gas and electricity indicates that a total of 
5.1 MtCO2 savings could be identified and 2.5 MtCO2 savings 
could be implemented per annum. The analysis in this section 
indicates that a significant proportion of these carbon 
savings can be achieved at no net overall cost to the UK. 


Based on current costs annual carbon savings of nearly  
1.2 MtCO2 can be implemented at a net benefit to the UK,  
by targeting electricity users in profile classes 5–8 and  
gas users with annual consumption above 732 MWh. Using 
future cost assumptions the full potential annual carbon 
savings of 2.5 MtCO2 can be implemented at a net benefit 
to the UK, by targeting all SME electricity and gas users.


In light of the significant potential cost-effective carbon 
savings and the economic benefit to the UK, but also the 
limited incentive for suppliers to provide advanced metering 
services to the market as a whole, there is a clear case to 
take action to ensure the widespread roll-out of advanced 
meters for SMEs. A widespread roll-out of advanced metering 
would also catalyse an energy consultancy market and put 
in place an infrastructure of meters capable of supporting 
further policies to reduce carbon emissions in future. 


Section 11 looks in more detail at the potential policy 
implications from these findings.


  
Figure 45 UK cost/benefit by gas consumption band using 	
		  future costs 
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10.1 Introduction
The Carbon Trust has worked with advanced metering 
suppliers to install a large number of advanced metering 
systems at SME sites throughout the UK. This has enabled 
the Carbon Trust to gain valuable insights into the key 
issues which currently impede uptake of this technology. 
This section reviews the reasons why sites were unable to 
implement one or more of energy saving recommendations 
identified. It also looks at various other practical barriers 
highlighted by the trial, and discusses some of the well 
recognised market barriers which exist.


10.2 Reasons for lack of 			 
       implementation
Energy savings actions were identified at 504 of the  
538 SME core sites in the trial. Sites typically had 2-3 
recommendations and a total of 384 recommendations 
were made and not implemented.


Figure 46 shows a breakdown of the reasons why savings 
weren’t actioned. These were captured through lessons 
learnt case studies, where sites provided feedback on why 
identified energy savings could not be implemented. The 
reasons for not implementing energy saving actions are 
broken down into the following categories:


Unconvincing case — the recommendation was rejected  
or needed more research to demonstrate the feasibility  
or potential benefits.


Lack of time/low priority — the recommendation couldn’t 
be implemented within the timescales of the trial, generally 
due to other business activities taking priority. Typically sites 
did not ‘run out’ of recommendations.


Lack of resource — the recommendation was accepted as 
worth doing, but there was insufficient personnel or funding 
at the site.


Other — typically the meter or communications equipment 
failed or it was found that no saving was possible after 
further investigation.


10 Barriers to adoption


This analysis shows that the main reason for failure was  
due to a lack of time or low priority to implement the 
changes required: this accounts for 43% of recommendations 
which were not implemented. However, many sites claimed 
that such recommendations would have been implemented 
in future but were not possible within the timescales of the 
trial. Nevertheless, the inevitable competing pressures on 
SMEs suggest that a certain degree of buy-in is important  
in order to realise the full potential of advanced metering.


The delivery consortia reported that in some cases  
sites also failed to identify or implement energy saving 
recommendations due to a lack of willingness to engage 
with using the meter effectively. In such cases site owners 
or managers were often preoccupied or unconvinced of  
the benefits of using advanced metering.


Changes of personnel also resulted in loss of site engagement. 
This was only evident in sectors where a high turnover  
of staff is common such as wholesale and retail. Increased 
awareness of the potential benefits were found to help 
motivate personnel at sites to make better use of advanced 
metering services. 


20% of recommendations were considered to be unconvincing, 
meaning that either the recommendation was unsuitable 
(because it was provided remotely without direct knowledge 
of the business), or because it was thought that it would  
not yield the anticipated level of savings. For a further 32% 
of recommendations the sites would have been willing to 
implement but they had insufficient resources to carry this 
out, either in terms of manpower or financial resources.


Unconvincing 
case (78)


Lack of 
resource (121)


Lack of 
time/low 
priority 
(165)


Other (20)


43%


32%


20%


5%


Figure 46 Reasons for not implementing  
		  identified energy savings
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10.3 Technical and practical  
       barriers identified
In addition to the reasons identified for potential energy 
savings not being implemented, the trial also identified  
a number of technical and practical barriers to the use  
of advanced metering.


Installation issues


There were various difficulties reported in coordinating 
meter replacement activities. At sites where the most 
appropriate course of action was to replace the existing 
meter, significant delays were often experienced in getting 
the energy supplier and meter asset owner to cooperate 
with the installation of the replacement meter. 
Furthermore, the often necessary interruption to the power 
supply was often inconvenient for the site.


Clip-on style meter reading devices did not face these issues. 
However, some energy suppliers and data collectors were 
reportedly apprehensive about these devices being fitted to 
existing fiscal meters and a small number of sites reported 
operational problems. In practice, suppliers are often not 
notified that clip-on meters have been installed since they 
have no impact on normal operation. There is a need to 
clarify standard procedures and codes of practice in relation 
to clip-on devices.


Commercial interoperability


For the purposes of the trial all sites continued with their 
existing data collection services and received energy and 
bills from their energy supplier in the same way as before 
the trial. In theory, it would have been possible for those 
sites with metering services being provided by accredited 
data collectors to send data to the suppliers for accurate 
billing. However, in practice this was found to be hard to 
achieve owing to the fact that energy suppliers often have 
preferred data collectors and can be reluctant to accept 
data from other collectors. 


Use of preferred data collectors is common practice since 
suppliers require data to be provided in a standardised format 
which can be readily aggregated for billing purposes. In the 
absence of industry-wide standards on the format and timing 
of such data in the non-half-hourly market, suppliers prefer 
to work with specific collectors rather than have to deal 
with a variety of different data formats. Furthermore, where 
suppliers do accept data from independent metering service 
providers, via an accredited data collector, they are still often 
reluctant to reimburse the customer for the fact that data 
is no longer being provided by their standard data collector.


The lack of transparent charging for metering services is 
another key barrier. Customers incur charges for various 
metering services, including meter asset provision, meter 
operation, data collection, aggregation, safety inspections 
and settlement charges. However, most customers have 
consolidated supply contracts and relative costs can be hard 
to identify. Equally, it is unclear exactly which charges will 
change or disappear if the customer chooses to upgrade  
to an advanced meter. This lack of transparency prevents 
customers from making informed cost-benefit decisions and 
can lead to actual or perceived double charging for some 
meter services. This situation would be greatly improved if 
definitions of charge types and details of charge levels were 
published within utility bills.


Furthermore, experience from the Code 5 sites in the  
trial (where advanced meters were already in place) has 
highlighted that even when half-hourly data exists, there  
is a sometimes reluctance by suppliers to make this freely 
available in a timely fashion to customers.


Communications 


Most technology-related issues in the trial concerned 
communication equipment as opposed to the meters 
themselves. The most common problem was when 
communications equipment went out of service, resulting  
in missing periods of data. Sometimes communications 
technology was chosen without knowledge of the site and 
was then found to be unsuitable. The industry now recognises 
that no single communications protocol is appropriate for 
all sites. GPRS, SMS and landline communication systems 
are all used to good effect. While communications issues 
were experienced in the initial stages of the trial, this is  
not now a major issue as practices and technology have 
further developed. 


In light of the above it is not necessary to define specific 
communications protocols in terms of the different 
technologies being used. Rather there is a requirement  
for data protocols which define the nature and frequency  
of data to be transferred, to allow integration between 
metering systems, data collectors and data aggregators.
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10.4 Established market problems


Stranded assets


The risk of stranded assets is a significant barrier to suppliers 
rolling out advanced metering in the UK. It applies to both 
the existing meter stock and any new meters which are 
installed. By replacing an existing meter with an advanced 
meter before the end of its useful life the value inherent  
in the old meter is lost since it is unlikely to be re-used at a 
different site. Asset owners are also hesitant to offer advanced 
meters into the non-half-hourly market due to the risk of 
installing high value, high functionality meters which will  
be redundant, or not be exploited fully, should a customer 
change supplier. If the new supplier will not use the full 
functionality of the meter, it is unlikely that a full market 
value for the meter can be derived by the asset owner from 
the supplier.


This risk means that the cost of using more advanced meters 
is currently high to those suppliers who are interested in 
rolling out advanced metering services. In the electricity 
market this problem can be alleviated to some extent 
through longer supply contracts. However, in the gas market 
suitable contract lengths are less feasible since terms of 
supply are currently very variable and typically short term. 


In order to reduce the risk to the meter owners, and thus 
the cost to the suppliers, it is essential that all advanced 
meters adhere to basic minimum functionality standards. 
This would ensure that any advanced meter could support 
the associated advanced metering services of another 
energy supplier, therefore allowing the asset owner to 
transfer the use of an existing advanced meter to a new 
energy supplier. 


A small risk still remains from a site potentially downgrading 
back to a standard meter, but this risk will diminish as  
the market realises the benefits of advanced metering and 
more utility suppliers offer these services. 


OFGEM acknowledges that a lack of standards exacerbates 
the stranded asset issue. In 2006 OFGEM set up a working 
group to address the issues of meter interoperability for 
both domestic and commercial gas and electricity metering. 
This activity is widely supported by the metering industry 
and, once complete, will improve market confidence for the 
key industry players. However, it is vital that standards are 
agreed as soon as practicable in order to facilitate the 
growth of advanced metering.


Balancing and settlement issues


Balancing and settlement code (BSC) rules in the non-half-
hourly electricity market can present a further problem. 
Settlement between generator and supplier under BSC rules 
within the non-half-hourly market is based on estimated 
profile data. Therefore there is potential for discrepancy 
between the supplier’s liability to generators and income due 
from the customer. It is likely that the BSC rules and systems 
will need updating to handle half-hourly data in the large 
volume advanced metering that the SME community would 
generate, so the supplier and customer can both benefit. 
However, if the half-hourly settlement process is extended, 
balancing and settlement charges will need to be reduced,  
or an alternative process be created, to take account for the 
lower energy bills which exist in the SME sector. 
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11.1 Introduction
This report has highlighted the significant energy and  
cost-saving benefits of advanced metering for SMEs and  
the associated cost-effective UK carbon savings which  
could be achieved from roll-out to the SME sector. The trial 
has also highlighted a number of barriers to the uptake of 
advanced metering, some of which are already recognised 
within the industry.


Most notably, there are significant barriers to suppliers 
providing advanced metering services. This is in part due to 
stranded asset concerns and lack of agreed meter standards. 
However, the trial findings suggest that even if these 
barriers were to be addressed, it is still likely there would 
be insufficient financial incentives for suppliers to roll-out 
the technology on a widespread basis. 


In light of the above, some level of compulsion must be 
considered to assist the move towards a mass market adoption 
of this technology and addresses the barriers which exist  
on a UK level. This section therefore identifies a range of 
measures which the Government should consider adopting 
to further promote the uptake of advanced metering.


11.2 Actions to assist uptake


Mandation of new and replacement meters


The simplest regulatory change regarding adoption of 
advanced metering would be for the Government to 
mandate the installation of advanced metering for all new 
meters, and whenever an existing meter comes to the end 
of its useful life. 


Such a requirement, applied to all gas and electricity 
consumption bands, would result in an estimated 584,000 
electricity meters and 105,000 gas meters being rolled out 
by 2012, assuming a 5% churn rate. This could lead to 
annual carbon savings of around 0.60 MtCO2 being achieved 
per year by 2012.


It is questionable whether this volume of meters would be 
sufficient to make significant impact on one-off meter 
costs, but it would certainly contribute significantly towards 


11 Policy implications


lowering service costs provided by energy consultancies, 
which currently form the major element of the previous 
cost/benefit analysis.


In relation to this measure Government should safeguard 
against suppliers passing on the full cost of new and 
replacement advanced meters to smaller consumers.  
There are reduced costs to serve benefits to suppliers, 
particularly with the higher consuming sites and the strong 
market signal this measure would bring will allow new 
higher value services to be developed from the supply side. 
Asset owners benefit from reduced stranded asset liabilities 
though greater clarity around the future of their meter 
investments. Both these factors will offset costs associated 
with new and replacement meter roll-out. Any outstanding 
costs which may originate from smaller consuming sites 
could be apportioned in the same way as many other 
infrastructure upgrade programmes in the utility industry.  
This would mean spreading the costs over the lifetime of 
the asset and the entire targeted population. The Carbon 
Trust believe that these measures should avoid any unfair 
cost burden for smaller SME customers.


Accelerated roll-out of meters


The compulsory installation of advanced metering for new 
and replacement meters is an obvious first step, but using 
this approach alone would clearly take many years to 
replace all of the meter stock. This approach could therefore 
be extended to set accelerated replacement targets for 
suppliers to provide advanced meters for those groups of 
higher consumption customers where there is a clear net 
benefit to the UK under current costs.


Such an accelerated roll-out would apply to all gas sites 
with an annual consumption greater than 732 MWh, and all 
electricity sites in profile classes 5, 6, 7 and 8. Combined 
with the previous measure and assuming an accelerated 
roll-out rate of 20% per year this would replace an estimated 
843,000 meters by 2012, giving carbon savings of around  
1.5 MtCO2 per year. 


Potential policy measure Impact Benefit


1. Mandate that all new and ‘end of life’ 
    replacement meters are advanced meters


  Electricity: All SME customer groups


  Gas: All SME customer groups


Meters by 2012:


  584,000 electricity


  105,000 gas 
    (Assumes 5% churn)


  Addresses all groups with potential to 
    be cost-effective for UK


  0.60 MtCO2 savings per year by 2012
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Potential policy measure Impact Benefit


2. Mandate accelerated roll-out in addition 
    to standard replacement


  Electricity: Profile classes 5, 6, 7 & 8


  Gas: Users above 732 MWh/year


Meters by 2012:


  710,000 electricity


  133,000 gas 
    (20% annual roll-out)


  Targets groups where meters are 
    currently cost-effective at UK level


  1.5 MtCO2 savings per year by 2012  
    (for measures 1 and 2)


Potential policy measure Impact Benefit


3. At 2012 Mandate accelerated roll-out to 
    all remaining users in lowest consumption 
    groups


  Electricity: Profile classes 3 & 4


  Gas: 73-732 MWh consumption


Meters by 2016:


  2.3m electricity


  418,000 gas 
    (20% annual roll-out)


  Meter roll-out completed to all cost 
    effective groups


  2.5 MtCO2 savings per year by 2016 
    (for measures 1, 2 and 3)


Collectively, the estimated 843,000 gas and electricity 
meters are covered by these recommendations, and the 
proposed rate of deployment are thought to be sufficient to 
drive a market for competitive data services for advanced 
metering which has been seen as a major cost component. 


Furthermore, these roll-out suggestions would necessitate 
action from the major energy suppliers. If a clear timeline 
for the adoption of advanced metering in the UK can  
be defined in this way, suppliers would be able to shape 
product and service offerings appropriately from the 
outset, targeting these initially at the early adopters with 
higher consumption levels. In such cases the business case 
will look attractive both for the site in terms of payback 
and also for the supplier in terms of the ability to sell 
associated metering services to the site. As the volume  
of advanced meters increases through this accelerated  
roll-out, it will be possible to design optimum products  
and services. The accelerated roll-out rates will drive 
economies of scale throughout the advanced metering 
supply chain, leading to costs reducing towards those 
presented in the ‘future cost’ scenario.


Full market roll-out


If the above suggestions were to be adopted it is  
expected that by 2012 the necessary market conditions 
would be present to allow advanced metering to be rolled 
out cost-effectively to the remainder of lower consuming 
electricity and gas customers, as demonstrated in the 
future cost scenario. This could be achieved by setting a 
final date by which suppliers must ensure that all remaining 
customers in these groups have been migrated to advanced 
metering technology.


A date for full roll-out gives the industry a clear signal  
and time-frame to optimise meter technology and drive 
costs down.


Assuming an annual replacement rate of 20% for these 
lowest consumption bands suggests that full roll-out can be 
achieved by 2016. However, a more aggressive date would 
be preferable in terms of unlocking potential carbon savings 
as early as possible. In combination with the previously 
identified measures this could lead to the full savings 
potential of 2.5 MtCO2 per year being realised by 2016.
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Figure 47 Summary of advanced meter roll-out and carbon saving potential
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Annual carbon savings


Phase 1 
Measure 1: 5% for <732 MWh gas and PC 3-4 elec
Measure 2: 20% for >732 MWh gas and PC 5-8 elec


Phase 2 
Measure 3: 20% for all remaining gas and elec meters


Potential policy measure Impact Benefit


4. Domestic metering trials


  Include lower electricity usage SME 
    customers (profile classes 3 & 4) in scope of 
    DTI/OFGEM metering trials


  Identify potential savings 
    using ‘meter only’ type 
    solutions


  Potential to take total savings to 
    2.5 MtCO2 per year before 2016


For the gas consumers using less than 732 MWh per year,  
it has been seen that a fairly modest reduction in meter  
and service costs would make a mass roll-out of advanced 
metering cost-effective at the UK level. Consequently, it is 
likely that the potential annual carbon savings of 0.49 MtCO2 
from this group may be possible earlier than 2016 due to 
organic market growth following the proposed accelerated 
roll-out for higher consumers.


However, for electricity customers in profile classes 3 and 4  
a step-change cost reduction would be required to access 
the annual savings of 0.75 MtCO2 from these sites earlier 
than 2016 at no net cost to the UK.


More work is required to understand the nature of services 
which can engage cost-effectively with this group of 
electricity users in the short term. At this stage it seems 
unlikely that a detailed service offering would be cost-
effective for this group and that to address this segment a 
‘meter only’ approach may be the most viable option in the 
near future.


Since many of these smaller SMEs hold similar attitudes  
to energy consumption to domestic customers it is 
recommended that DTI and OFGEM include SME sites with 
profile class 3 and 4 electricity meters in the forthcoming 
trial of domestic meters to test the effectiveness of low-
cost advanced metering solutions.


Figure 47 illustrates the net effect of these three potential 
policy actions. It shows the impact of the predicted total 
number of advanced meters rolled out across the UK SME 
sector and associated annual carbon savings in two phases.
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Summary of potential measures


Table 10 shows a breakdown of the various consumption 
groups for gas and electricity SME customers and highlights 
which are cost-effective from the overall UK perspective 
under both current and future cost scenarios. For each 
group it then summarises the potential initial policy 
measures identified in the previous sections.


These potential policy measures are indicative only and the 
detailed regulatory mechanisms for mandating the roll-out  
of advanced metering have not been examined as part of this 
analysis. However, it is hoped that Government will use these 
findings to shape appropriate policy responses to capture the 
benefits from the roll-out of advanced metering to SMEs. 


UK cost/benefit 
Y = Net UK benefit 
N = Net UK cost


Current 
costs


Future 
costs


Potential initial policy measures


Gas 73-732 MWh/year 
381,000 meters N Y   Mandate all new/‘end of life’ replacement 


    meters to be advanced meters


732-2196 MWh/year 
26,000 meters Y Y


  Mandate all new/‘end of life’ replacement 
    meters to be advanced meters


  Mandated accelerated roll-out 


2196-5860 MWh/year 
7,700 meters Y Y


>5860 MWh/year 
3,100 meters Y Y


Electricity Profile class 3 & 4 
2,169,500 meters


N Y


  Mandate all new/‘end of life’ replacement 
    meters to be advanced meters


  Investigate further in domestic metering trials 


Profile class 5 & 6 
91,700 meters Y Y   Mandate all new/‘end of life’ replacement 


    meters to be advanced meters


  Mandated accelerated roll-outProfile class 7 & 8 
75,700 meters Y Y


Table 10 Summary of UK cost/benefit analysis and potential policy measures for each consumption group


Alternative delivery options


The measures identified in the previous sections are indicative 
and represent one possible set of actions to encourage the 
roll-out of advanced metering in the UK. In terms of dates, 
an alternative option would include a ‘big bang’ approach 
with roll-out of advanced meters to all SME sites by a given 
date. In terms of policy mechanisms, an alternative to 
setting targets for meter replacement would be to mandate 
an increased number of accurate meter readings per year.
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11.3 Supporting and enabling measures


Meter standards


In order to ensure the recommendations in section 11.2  
can be implemented effectively there are a number of 
additional measures which must be progressed. The first of 
these relates to the need for advanced metering standards 
to address stranded asset issues and allow meter asset 
owners to make reliable estimates of the future worth of 
advanced meters. This is being addressed by the current 
Interoperability Working Group coordinated by OFGEM. It is 
essential that appropriate standards are agreed as quickly 
as possible.


Data availability


This study has also highlighted that the level of service 
provided around the advanced meter data plays a crucial 
role in the level of energy savings achieved. It is therefore 
important that competition and innovation exists in this 
area to continually improve the level of service and drive 
down costs.


To facilitate this it is vital that half-hourly data is freely 
available to appointed third parties independently of the 
energy supply companies. This will allow customers to select 
the data and consultancy service which is most suitable  
to their needs. There is therefore a need for industry-wide 
standards relating to the format and possibly the frequency 
of data transfer between data collectors and suppliers. This 
will mean that suppliers can accept data from any accredited 
data provider without needing to change internal systems 
and processes.


  Potential policy measure Impact Benefit


5. Meter standards


  Put in place standards for basic 
    minimum functionality ensuring 
    interoperability between half-hourly 
    meters


  Essential to support policies 
    mandating roll-out


  Avoids concerns over stranded assets


Potential policy measure Impact Benefit


6. Data availability


  Mandate that where half-hourly 
    meters are installed data is made 
    available to customers and 
    nominated 3rd parties


  Put in place standards relating to 
    the format and frequency of data 
    transfer between data collectors  
    and suppliers


  Ensures usage data is 
    provided in addition to 
    meters


  Ensures ease of switching 
    between data providers


  Enables market competition and 
    innovation for energy consultancy 
    services


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html







The Carbon Trust48


12.1 UK SMEs
Advanced metering can currently provide energy and cost 
savings for many SMEs and in future will be highly cost-
effective as service costs come down. Effective solutions are 
already available to install advanced metering in parallel to 
the non-half-hourly services currently offered by energy 
supply companies. Consequently large numbers of SMEs can 
realise worthwhile financial benefits from moving to advanced 
metering solutions immediately and will not need to wait for 
market roll-out. This is particularly true for multi-site SMEs 
such as wholesale and retail chains, and single-site SMEs with 
large energy consumption, such as manufacturing companies.


However, it is important that SMEs acknowledge the fact 
that installing advanced metering will not save energy  
in its own right. Appropriate time and resources must be 
allocated to review advanced metering data to identify 
energy saving opportunities. 


The trial has demonstrated that a moderate level of 
consultancy services (such as data and advice and 
recommendations provided via email) can yield significant 
improvements in savings over a ‘Data Only’ service. Since 
many of the savings identified are low-cost behavioural 
savings, the cost of implementing them is correspondingly 
low. However, due to the nature of these savings it is 
crucial that there is a high level of buy-in across the site, 
and that employees are motivated to identify, implement 
and maintain energy saving actions.


The Carbon Trust’s field trial has demonstrated that once  
an SME has had an advanced meter installed they begin to 
fully appreciate the potential cost-saving benefits of the 
technology. 300 of the SMEs involved in the trial were 
offered the chance to continue the service on a fully 
commercial basis and 83% of sites have opted to continue 
under full commercial arrangements.


12 Next steps 12.2 �Suppliers and metering  
service providers


From a supplier perspective, there is currently a business 
case for providing advanced metering to certain limited 
sections of the SME community but providing such services 
to single-site SMEs is generally not cost-effective. However, 
the analysis conducted in this study is based on suppliers’ 
current business models and there is considerable potential 
for suppliers to benefit further through adopting new 
business models and capturing new business opportunities 
associated with advanced metering. 


Suppliers will need to shape new products and services 
relating to energy consultancy and these have the potential 
to be higher margin products, thus offsetting potential 
losses from reduced utility consumption. Providing advanced 
metering services can also play a valuable role in customer 
acquisition and retention for supply companies in the 
future, as customers seek out the most attractive services.


Rather than placing an additional burden on suppliers,  
a mandated roll-out of meters would provide a framework 
within which suppliers can innovate and compete to provide 
advanced metering services. When meeting any future 
obligations to provide advanced metering, suppliers will 
naturally target the sites which are most cost-effective now. 
However, suppliers should also give due consideration to 
business models which will ultimately allow them to most 
cost-effectively serve a much larger market in future, 
including smaller single-site SMEs.


Smaller advanced metering companies, which offer services 
alongside energy suppliers are currently in a strong position 
as the energy suppliers have yet to enter the market for 
SME metering services. The ability to tailor metering and 
consultancy packages to the areas of the SME market where 
the business case is positive is a key advantage over a ‘one 
size fits all’ service. Additionally, innovative technologies 
such as ‘clip on’ meter reading devices can offer cost-effective 
alternatives to meter replacement for single-site SMEs.


In the longer term, energy suppliers may opt to form 
strategic alliances with smaller meter service providers  
to deliver their advanced metering obligations. 


There is a need for innovation in both the level and nature 
of advanced metering services provided to SMEs, and also  
in the way companies providing metering solutions, software 
for data provision and energy consultancy collaborate. 
Additionally, advanced metering companies who work 
closely with accredited data collectors will be able to build  
a strong business case for SME sites.


Trade bodies, the Carbon Trust and others should 
continue to promote the benefits of advanced 
meters to the SME community.


Energy suppliers and metering service providers 
should investigate new business models to provide 
innovative metering services to their SME clients.
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12.3 Government
This report has demonstrated that there are significant 
carbon savings and economic benefits available for the UK 
through widespread roll-out of advanced electricity and gas 
metering to the SME community, starting with the highest 
consuming users.


However, modelling the supplier benefit case has illustrated 
that there is no benefit to suppliers from widespread roll-out 
of advanced metering to SMEs at current meter and services 
cost levels, and the case will remain marginal even for 
predicted future costs in an established market.


The Carbon Trust recognises that there are some sectors 
where providing advanced metering services will be seen as 
attractive to suppliers and predicts that, with time, larger 
multi-site SMEs will be offered competitive advanced 
metering services. However, relying on organic market 
growth in these areas will not bring advanced metering into 
play in a timely enough fashion to either have a material 
effect on UK carbon emissions, or realise the necessary 
economies of scale to provide more cost-effective metering 
solutions to all sites. Furthermore, leaving the market to 
grow organically also carries a significant risk of creating a 
fragmented and unmanageable advanced metering stock in 
the UK, making any future initiatives difficult to implement. 


In light of the above evidence there is a clear case for 
Government action to stimulate the appropriate market 
adoption of this technology via some form of mandation.  
A potential roll-out plan has been proposed which could 
deliver savings of 1.5 MtCO2 per year by 2012 and 2.5 MtCO2  
by 2016. The specific regulatory actions required to 
implement such a plan remain to be defined in detail, but 
the evidence collected by the Carbon Trust suggests that 
such a compulsory roll-out could be both feasible and  
cost-effective.


Furthermore, in light of the significant barriers to investment 
on the supply side, such a mandated roll-out is essential to 
achieving the carbon savings potentially available. In addition 
a number of necessary supporting actions have been 
identified, including the need for agreement of standards 
for advanced meters and also for the frequency and format 
of data transfer between collectors and suppliers.


Creating an advanced metering infrastructure for all UK 
SMEs will create a framework capable of supporting further 
policies to reduce carbon emissions in future. For example, 
the proposed Energy Performance Commitment, which is 
likely to be aimed at businesses which already have Code 5 
electricity meters, could in future be extended to cover SMEs.


This report has focused largely on the carbon saving 
potential of advanced metering, but SMEs can also derive 
significant cost savings from using advanced water meters. 
There is an associated potential UK benefit from widespread 
roll-out of such water meters in terms of the potential 
reduction in infrastructure upgrade costs.


The benefits of advanced metering are clear in terms of cost 
savings for SMEs and carbon savings for the UK. Action is now 
required to stimulate the market and ensure a widespread 
roll-out of this important technology.


Government should take action to ensure a 
widespread roll-out of advanced metering 
technology to SME users.


Government should work to ensure that 
appropriate standards are put in place regarding 
advanced meter functionality, data availability 
and data transfer procedures.
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For businesses with a number of sites, installing half-hourly meters 
across their portfolio is a significant undertaking. But as organisations 
such as those below have shown, half-hourly metering at key sites can 
be used to assess best practice and develop a business case for wider 
roll-out. Multi-site companies can also benefit from some economies 
of scale since certain service or consultancy costs can often be spread 
over a number of similar sites.


 Peacock Group


The Peacock Group plc is a 
leading UK value-for-money 
fashion retailer. The Group has 
450 Peacock stores and 360 
Bonmarché stores with over 
9,000 employees nationwide. 
The average electricity bill 
at each site is around £7,000/year. Electricity bills 
based on supplier’s actual or estimated readings lack 
the accuracy needed to identify potential seasonal and 
out of hours energy wastage. To learn more about the 
energy consumption in its stores, the Peacock Group 
selected ten of its sites to install remotely-read half-
hourly electricity metering. Analysing the accurate data 
from the advanced metering system against opening 
times, revealed out of hours energy use which could 
be costed and targeted as energy savings. Equipment 
was categorised as essential and non essential. Business 
cases were put forward for the investment in changing 
the main electricity distribution boards, to enable non 
essential equipment to be automatically switched off 
when the stores are unoccupied. The initial pilot of 
advanced metering systems has revealed the benefits


Figure 48 Peacocks half-hourly profile


of installing advanced metering and establishing 
consumption profiles for comparison between stores 
(an example consumption data is shown in Figure 48). 
The Peacock Group is now developing a benchmarking 
system as part of an ongoing energy reduction plan for 
identifying and fostering best practice. On average, each 
of the 10 stores in the trial saved £500 in controlling 
out-of-hours energy waste, around 8% of their energy 
bills. As well as saving money, the individual sites  
have also reduced their average carbon footprints  
by 5.5 tCO2 per year. 


Cardiff City Council


The council manages 
approximately 500 
buildings, more than 90% 
of which are not large 
enough to warrant half-
hourly electricity metering 
as standard. By installing 


advanced metering at five trial sites, the council were 
able to identify simple, zero-cost ways to reduce their 
energy consumption. 


For instance, energy audits based on meter data initially 
focused on lighting across all sites. It was found that 
there were a number of areas that were unnecessarily 
lit during operational hours and overnight. Analysis of 
the data also showed that the two participating schools 
left their heating in demountable classrooms running 
overnight. Figure 49 shows the resulting energy savings 
once this and other measures had been implemented.


Cardiff County Council has seen merit in the use of half-
hourly data for energy management and is intending to 
continue monitoring the trial sites, as well as extending 
the use of half-hourly meters. On average the council 
has reduced their energy consumption by 5% resulting  
in average savings of £500 at each site. 
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Figure 49 Cardiff half-hourly profile


Orange Retail 
Orange, the UK mobile 
phone retailer, has 250 
retail stores with a 
combined annual utility 
bill of £780,000. Half-hourly 
metering was seen as an 
opportunity to help the 


company understand its energy consumption at the 
level of detail needed to identify where changes 
could be made. 


Half-hourly metering has helped Orange Retail gain a 
much better appreciation of the energy consumption 
in its stores and identify areas for savings. Energy 
audits revealed that prior to the trial there was little 
focus on energy conservation, with analysis of the 
half-hourly data showing that unoccupied areas were 
frequently lit, heated or cooled unnecessarily, and 
that overnight energy use was consistently excessive. 


Looking at results from the Bath store, Figure 50 
shows how energy consumption changed from the 
two weeks before implementation to the two weeks 
after. This clearly shows that energy use has been 
reduced, in this case by ensuring that heaters, plasma 
screens and lighting were turned off overnight and in 
unoccupied areas during the day.


As a result of the trial, the company has saved an 
average of £230 at each store (8% of annual energy 
costs). They have also reduced their emissions by 
around 2.5 tCO2. Some of the best practice identified 
has been translated directly to new stores. Advanced 
metering can then be used to both ensure persistence 
of translated energy saving measures, and identify  
new site-specific energy savings.


Figure 50 Orange half-hourly profile


BUPA Care Homes 


BUPA Care Homes is the 
largest provider of care 
homes for older people in 
the UK. The company has 
experienced a significant 
increase in both electricity 
and gas costs with annual 


energy bills in excess of £9 million. To install half-hourly 
meters for all 290 sites would take a considerable 
amount of planning and capital investment and 
requires a well-developed business case. BUPA’s energy 
manager has used the half-hourly data and consultant 
recommendations from ten trial sites as a model for 
the whole of their property portfolio. He has gathered 
as much information as possible on energy saving 
opportunities from the trial sites before presenting 
his business case to the BUPA board. 


One of the sites in the trial, Forest Court Nursing 
Home, was seen as having a high standard of energy 
efficiency by the consultants. It was suggested that 
BUPA look at this site, to identify best practice and 
use its data as a benchmark for their portfolio.


At other sites, benefits are already being seen as a 
result of the recommendations made from analysing 
half-hourly metering data. When the company is in a 
position to roll out the recommendations to remaining 
sites across the whole of their portfolio, similar 
reductions are anticipated.
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“	National Museums Liverpool are firmly committed  
	 to their social responsibility policy, part of which  
	 recognises the importance of reducing their impact  
	 on the environment.” 
	 Carole Youds — Energy and Facilities Manager, National Museums Liverpool.


Cost of metering system (multiple meters) £7,000   


Consultancy and implementation £15,000


Annual energy saving 935,000 kWh


Annual carbon saving 214 tCO2


Annual cost saving £35,100


Payback period 7.5 months


Half-hourly metering at World 
Museum Liverpool revealed high 
levels of overnight electricity 
and gas consumption. The 
metering system and the cost of 
the resulting energy efficiency 
solutions have paid for themselves 
in less than eight months. 


Background


World Museum Liverpool is a large multi-disciplinary 
museum which combines a global collection of historic 
treasures with the latest interactive technology. 
Originally opened in 1853, it recently completed  
a major development that doubled its size to 
16,000m2. Its electricity and gas consumption both 
exceed 5 GWh a year. The rapid rise of wholesale gas 
and electricity prices and an important environmental 
policy has highlighted the need to save energy.


Site profile and metering


Before the trial the site contained one main electricity 
meter, two main gas meters and one main water meter. 
In August 2005, a tailored meter replacement and data 
logging system were installed to provide half-hourly 
metering for electricity, gas and water. 


The system reports through a software package 
that can be dialled up remotely, both by National 
Museums Liverpool’s Energy Manager and by external 
consultants. The analysis of information gathered 
every 30 minutes from advanced metering equipment 
swiftly became a critical tool for people working to 
reduce electricity and gas consumption.


Findings and energy saving measures 


Consultants’ analysis of the half-hourly meter data 
showed that, although energy consumption was 
lower overnight than during the day, it remained 
relatively high given that the building was unoccupied 
(500 kW at night against 840 kW during the day). 
Further investigation attributed this to the fact that 
artefacts were stored at 50% humidity levels with high 
tolerances. Boilers and chillers were running 24/7 to 
maintain the prescribed temperature and humidity 
conditions. Some climate control is needed for the 
preservation of artefacts, but it was found that 
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tolerances could be relaxed. The humidifying system’s 
controls were reset to operate between 40 and 
60%. This has had a significant impact on electricity 
consumption (Figure 51 illustrates these savings) but 
no adverse effect on the museum’s treasures. These 
measures have resulted in reductions of around 20%  
in energy consumption and cost nothing to implement. 


Meter data also revealed that the air conditioning 
system was competing with the heating system. 
Gas usage has also been considerably reduced by 
optimising the sequence of all three museum boilers 
and reducing the temperature of the building from 
21ºC to 19ºC overnight.


Electricity base load has been further reduced by 
updating the lights in the museum’s atrium with LED 
units. The metering systems have enabled this upgrade 
to be quantified; it saved 1.2 tonnes of CO2 a year. The 
atrium lights were a major investment at £15,000, but 
have resulted in savings of more than £800 a month.


Figure 51	Electricity consumption before and after 		
		  changing humidifier controls


A key outcome has been the recognition of the 
need for improved employee engagement in energy 
efficiency. National Museums Liverpool has introduced 
Energy Awareness Training and the advanced meter 
data has provided a strong motivational feedback 
loop. Employees at World Museum Liverpool have 
become more energy aware and now adopt behavioural 
best practice.
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“	This metering system is all part of our approach to 	
	 our environmental principles and part of our belief 	
	 that we should practise what we preach.”
	 Patrick O’Connell, Managing Director, Bandvulc Tyres.


Cost of metering system £5,600 (multiple meters) 


Cost of implementing saving £20,000 lagging + £35,000 lighting 


Annual energy saving 800,000 kWh gas + 574,000 kWh elec


Annual carbon saving 152 tCO2 gas + 247 tCO2 elec


Annual cost saving £10,800 gas + £20,000 elec 


Payback period 24 months       


Analysing data provided by  
half-hourly meters allowed 
Bandvulc Tyres to identify quick 
and simple ways to reduce energy 
consumption. It has implemented 
a series of measures, which have 
generated cuts in energy bills and 
carbon emissions. 


Background


Bandvulc Tyres produces remoulded tyres for 
heavy goods vehicles at a factory on the outskirts 
of Plymouth. It is one of the leading companies in 
European truck tyre retreading, with operations 
throughout Europe. The company has an annual 
turnover of £22 million and employs some 240 people. 


Energy is a significant business overhead. In 2005,  
the company consumed approximately 10.3 GWh, 
resulting in energy bills of more than £300,000. 
Managing energy use efficiently is therefore a key 
objective for the company.


Site profile and metering


Before its involvement in the Carbon Trust metering 
trial, Bandvulc had half-hourly data just for its main 
electricity meter and there was a one-month time  
lag before it had access to the information. It had no 
detailed data for gas or water and no way of monitoring 
related factors such as outside air temperature.


Bandvulc operates on a 24-hour production cycle 
Monday to Friday, but with planning, engineers were 
able to install the metering equipment during working 
hours without disruption. The system was designed to 
be accessible either remotely or on-site. In addition to 
the main electricity meter, eight electrical sub-meters 
monitor specific processes within the factory. The total 
cost of the meter system was £5,600.


Findings and energy saving measures 


Initial analysis of advanced meter data allowed 
general energy usage trends to be studied.  
Energy consumption was found to be steady during 
the night shift and higher during the day, when the 
administrative team was on-site and more processes 
were running. As expected, energy usage was low  
at the weekends when the site is unoccupied.


http://www.carbontrust.co.uk/technology/technologyaccelerator/advanced_metering.html
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The tyre presses were an early focus for reducing gas 
consumption. Analysis of the meter data had indicated 
a large standing loss in the tyre presses and steam 
distribution system. Once the presses had been insulated 
with lagging the meter data was re-checked to measure 
the effectiveness of the process. Figure 52 shows the 
half-hourly gas profile used to identify these measures.


Figure 52 Mains meters: Gas


 


Further gas consumption savings came from installing 
a new heat recovery unit, which raised the boiler 
feedwater temperature by 40ºC, and insulating its 
boiler feedwater tank and associated pipework.


To reduce base loads the high-pressure sodium lighting 
in the factory was replaced with more responsive T5 
fluorescent fittings connected to a control system, 
which monitors both occupancy and daylight. In 
addition to these, dirty skylights were cleaned to 
maximise the use of daylight. Bandvulc was able to use 
advanced meter data to quantify the impact of this 
change. Figure 53 shows the electricity profile.


Figure 53 Mains meters: Electricity


Further base load reductions came from installing  
a control unit for its cooling systems and an inverter-
driven compressor to manage air compression more 
efficiently. The compressors themselves were ducted 
to the outside of the building to improve operating 
efficiency. Advanced metering allowed Bandvulc to 
quantify the effect of these measures.


Bandvulc were also keen to target behavioural change 
and set up an Energy Team with ‘local champions’ to 
promote good practice and champion culture change. 
Since then there has been a tangible shift in attitudes 
across the business. This has made the workforce 
considerably more receptive to adopting process and 
behavioural energy saving recommendations.


Results so far 


The ability to use advanced metering to isolate 
and identify different trends in consumption in the 
factory has been critical to the energy efficiency 
program. Bandvulc covered its gas and electricity 
implementation costs within 14 months and  
significant savings have now been made. 


The lagging measures delivered quick results — saving 
around 800,000 kWh in the first 12 months, worth 
£10,800, and 152 tonnes of CO2 for an initial cost of 
£20,000. The change of lighting system cost £35,000, 
but generated £18,000 in annual electricity savings 
— payback in less than two years.


The company has registered weekend energy savings 
of £2,000 per year due to best practice shutdown 
measures alone, and generally it is also noticeable 
that machinery is now almost always switched off 
when not in use during the working week.


Further planned projects include fitting variable speed 
drives to extraction motors and fans and installing a 
fully automated system to control the boiler.
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Effects of Cost-Related Feedback on 


Consumer Knowledge and Consumption 


Behavior: A Field Experimental 


Approach 


R. BRUCE HUTTON 
GARY A. MAUSER 
PIERRE FILIATRAULT 
OLLI T. AHTOLA* 


In 1981, the United States and Canada began a series of international field exper- 
iments to test the effectiveness of feedback as a way to encourage energy con- 
servation. Current government studies show energy consumption is again on the 
rise after several years of decline. The research objective was to extend current 
feedback research by providing information formats and presentation modes that 
had not been previously tested but did represent realistic public policy and/or mar- 
ketplace options. Results of the experiment replicated in two U.S. and two Canadian 
cities provide partial support for feedback as a viable information technology for 
consumer learning and motivation. 


T he concept of feedback, with its origins in cyber- 
netics, has been the focus of a long stream of re- 


search in psychology and communications. Across a 
variety of situations, it has been shown to represent an 
important dimension in the principles of behavior 
modification (e.g., Bandura 1969, 1977), communica- 
tions (e.g., Mortensen 1972), and motivation (e.g., 
Korman 1974). For some behavioral scientists, feedback 
has been viewed as the critical element controlling 
learning and performance. For example, Miller, Gal- 
anter, and Pribram (1960) characterize it as the basic 
element of behavior. In the consumer research field, it 
has been shown that consumer decisions are often in- 


fluenced by a variety of factors with implications to 
feedback including information specificity, situation, 
and format (e.g., Bettman and Kakkar 1977; Crosby 
and Taylor 1981; Magat, Payne, and Brucato 1983; 
Winter 1975). 


Partially because of this strong theoretical base, feed- 
back has been the focus of a variety of applied research 
studies aimed at affecting one or more of the above 
mentioned principles. For example, in today's society 
it is common to hear that consumers are motivated to 
engage in a response as a function of the value expected 
in achieving a desired outcome and the likelihood of 
the response leading to that outcome. This is, of course, 
the well-known expectancy-value framework applied 
to the understanding of achievement motivation and 
behavior. It is obvious that both the value of the ex- 
pected outcome and the perceived likelihood of achiev- 
ing that outcome are very much determined by the 
feedback from earlier responses. 


In two insightful reviews, Cook and Berrenberg 
(1981) and Winett and Kagel (1984) present frameworks 
for affecting conservation behavior in which feedback 
is an internal component of each. Cook and Berrenberg 
emphasize the delineation of feedback functions in 
terms of their logical place in an analysis of the complex 
of conservation determinants (e.g., feedback may fill a 
"knowledge gap" since consumers have little or no 


*R. Bruce Hutton and Olli T. Ahtola are Associate Professors of 
Marketing, University of Denver, Denver, CO 80208. Gary A. Mauser 
is Associate Professor of Marketing, Simon Fraser University, Bur- 
naby, BC V5A 1 S6. Pierre Filiatrault is Professor of Marketing, Uni- 
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authors wish to thank Jim Loorya, Pacific Gas and Electric Co.; Roy 
Hughes, B.C. Hydro; Jim Willis, Dallas Power and Light; Jacques 
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EXHIBIT 


FOUR COMPONENTS OF A CONCEPTUAL FRAMEWORK FOR FEEDBACK 


Environment Strategies Mediating variables Consequences 


Energy concerns Antecedent External Conservation response 
Price Education Fuel oil type 
Consumption Conservation booklets Geographic location Product response 


Feedback manual Housing stock Knowledge Consumer information Demographics Attitudes 
Government programs Consequence Intentions 
Education Feedback Internal to feedback Behavior 
Utility bills Learning Kind 
Advertising Motivation Amount 


Immediacy 
Predispositions Format 


Household 
Public policy 
Private sector 


knowledge of the level and rate of their resource con- 
sumption) or in terms of the dynamics of the conser- 
vation process (e.g., motivating behavior, rewarding 
actions, guiding goal attainment). Winett and Kagel 
emphasize feedback as a consequence strategy for re- 
ducing energy consumption. 


In both articles, important research gaps exist that 
prohibit decisions about feedback's viability as an in- 
vestment strategy for either a public policy initiative or 
a private sector offering. Cook and Berrenberg (1981) 
note that little work has been done on self-monitoring 
in resource conservation beyond some studies using ex- 
isting meters (e.g., Pallak and Cummings 1976; Winett, 
Neale, and Grier 1979). Winett and Kagel (1984) report 
that most feedback studies use high-cost information- 
provision strategies (i.e., delivered written information). 
They also note that educational materials are typically 
supplied along with the feedback. The interaction and 
the main effects of these antecedent and consequence 
components raise an interesting policy question in terms 
of the added benefit of a feedback strategy relative to 
the less expensive provision of traditional conservation 
information. 


This article's purpose is to explore and fill in some 
of these gaps in knowledge regarding feedback as a vi- 
able information technology for resource conservation. 
It is not the purpose of this experiment to test the basic 
idea of feedback, but rather to test several variations of 
a concept that has infinite possibilities. These variations 
and their format for presentation have not been pre- 
viously addressed, so the results contribute to an in- 
creasing and important body of knowledge regarding 
feedback. Specifically, the objectives of this study 
are to: 


* Experimentally test the effects of self-monitoring 
through a mechanical feedback device suitable for 
large-scale implementation/distribution as part of a 
public policy and/or marketplace option. 


* Measure the direct energy-saving potential of selected 


self-monitoring feedback over long-term exposure and 
in a natural environment. 


* Examine the educational benefits of selected feedback 
and compare results of antecedent (education) and 
consequence (feedback) strategies. 


* Describe potential differential effects of selected feed- 
back by consumer type. 


A conceptual framework for feedback that was de- 
veloped to guide the present study will be presented 
(Exhibit). The focus will then shift to a description of 
the methodology and presentation of research findings. 
The article concludes with a discussion of results in 
light of past research findings and future considerations. 


FRAMEWORK 


The Exhibit presents the conceptual framework that 
guided this study. Each of the four major components- 
environment, strategies, mediating variables, conse- 
quences-will be discussed briefly. For more in-depth 
reviews of the feedback literature, see Winett and Kagel 
(1984) and Cook and Berrenberg (1981). 


Environment 
A number of environmental variables have consis- 


tently affected consumer response to conservation. For 
the last 10 years, most surveys have shown energy as a 
primary concern of the consuming public. Yet Cook 
and Berrenberg (1981) note that consumers with pro- 
conservation attitudes are only slightly, if any, more 
likely to take conservation actions than those consumers 
without such attitudes. The reason for this is partially 
explained by the well-known attitude-behavior research 
indicating that the strength of such relationships is in- 
fluenced by a variety of factors (Ajzen and Fishbein 
1977). Examples of such environmental factors include 
situational dimensions, social norms, accessibility, and 
knowledge. The environmental elements presented in 
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this framework do not represent an exhaustive list, but 
rather those thought to have the most impact on the 
current strategies. 


Energy Concerns. Two factors define energy con- 
cerns in the United States and Canada-consumption 
and price. The 1973 Arab oil embargo forced a restruc- 
turing of national energy policies to reflect higher prices, 
supply instability, and a need to reduce excessive de- 
mand. In 1975, Americans consumed more fossil fuels 
than were used by two-thirds of the world's population 
(Farhar-Pilgrim and Shoemaker 1981). 


Although government policy and tactics have varied 
over the last decade, both the United States and Canada 
did achieve reductions in energy consumption through 
the early 1980s (Energy, Mines, and Resources 1982; 
National Research Council 1984). However, the most 
recent energy figures in the U.S. indicate usage rates 
are again rising after three years of decline. This is true 
not only for total energy use, which rose by approxi- 
mately two quads (quadrillion BTUs) between 1983 and 
1985, but also residential energy use, which has gone 
up by three-tenths of a quad from 1983 to 1985. Ad- 
ditionally, projections are for continued increases 
through 1990 (U.S. Department of Energy 1985). With 
recent political uncertainties and OPEC in disarray, this 
trend concerns both policymakers and conservationists. 


Economic and energy studies show that prices have 
partially driven conservation behavior (Energy Infor- 
mation Administration 1984). However, the specific 
contribution of price to modifying behavior and 
whether price signals alone can achieve desired savings 
is not clear. The National Research Council (1984) 
notes that only between 30 and 80 percent of econom- 
ically justified investments in energy reductions can be 
induced by price signals alone, depending on the situ- 
ation. Even at the high end of this range, there is room 
for a significant role from other motivators. Addition- 
ally, achieving energy reductions by raising prices 
clearly does not solve the "energy problem" for con- 
sumers. For many, the energy problem is, in fact, high 
prices. Increasing energy prices will continue to put 
pressure on consumers to conserve energy to hold their 
percentage of disposable income allocated to energy 
costs at an acceptable level. 


Consumer Information. A changing U.S. adminis- 
tration in 1980 viewed conservation and information 
campaigns to be primarily the responsibility of the pri- 
vate sector and subject to natural forces of supply and 
demand. More recently, however, William Patrick Col- 
lins, Under Secretary of Energy, somewhat restated the 
administration's position on conservation and public 
information by advocating the "selling" of conservation 
to the public and noting that it was critical to "educate 
Americans about all of the avenues at their disposal to 
use energy more efficiently" (1984, p. 1). While the U.S. 
has provided some government information programs, 
it appears that Canada has historically been more ag- 


gressive in the public information arena. Besides specific 
programs, other forms of information include standard 
utility bills and a wide variety of information provided 
by the private sector in the form of advertisements and 
other materials related to conservation products. 


Predispositions. Consumer predispositions involve 
a variety of pre-existing consumer response levels in- 
cluding high variability in existing knowledge, attitudes, 
intentions, and behavior toward conservation. Many 
surveys over the last 10 years have indicated a general 
lack of knowledge about the rate of energy consumption 
associated with specific appliances, energy systems, and 
appropriate behavioral patterns. Hutton (1982) de- 
scribed a two-stage hierarchy of response framework 
representing consumer needs regarding energy. The first 
stage involved consumer responses to the "generic" en- 
ergy problem including awareness of the problem, 
knowledge of broad issues, beliefs about the seriousness 
of the problem and personal ability to contribute to 
solutions, and commitment to change. The second stage 
involved levels of readiness to respond to specific al- 
ternatives including awareness of products, purchase 
intent, desire for alternatives, and action components. 


Strategies 


Winett and Kagel (1984) note that behavioral pro- 
cedures may be classified as either antecedent or con- 
sequence strategies. The environmental issues presented 
in the previous section provide support for both strat- 
egies in resource, and particularly, energy conservation. 


Education, as an antecedent strategy, has taken a va- 
riety of forms including conservation booklets and bro- 
chures, public service announcements, advertisements, 
workshops, labels, and audit programs. Depending on 
program goals, these initiatives have been aimed at af- 
fecting consumer response to generic energy issues or 
readiness to respond dimensions. 


Consequence strategies usually involve price changes 
or some form of feedback regarding consumption-the 
two primary energy concerns in the environment. It is 
important to note that with respect to feedback these 
strategies are not independent; feedback does contain 
an educational dimension, since learning is an outcome. 


Mediating Variables 


It can be expected that regardless of the type of feed- 
back or educational materials used, the effects of the 
strategies will be mediated by a variety of other vari- 
ables. The most important and/or frequently occurring 
of these have been identified by Canadian and U.S. en- 
ergy departments and utility companies as being fuel 
type, geographic location, housing stock, and some de- 
mographics. Additionally, previous research has indi- 
cated there are mediating variables that impact response 
to feedback information. Four variables cited as being 
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particularly important include kind, amount, imme- 
diacy, and format of presentation of the feedback. 


Consequences 
Consistent with the perceived needs of consumers in 


the environmental section, the consequences for feed- 
back fall into two categories-conservation responses 
and product responses. Both can be influenced at dif- 
ferent levels including knowledge, attitudes, intentions, 
and behavior. Examples of conservation responses 
would be increased knowledge regarding what appliance 
uses the most energy in a household as well as taking 
specific actions. Product responses might include feel- 
ings about energy-saving products and purchase inten- 
tions. 


METHOD 
Strategies used in this study were developed as a 


function of the environmental concerns established in 
the framework (Exhibit). Two primary strategies pro- 
vided the focus of the field studies. Antecedent strategies 
involved the delivery of energy conservation booklets 
to treatment groups. Additionally, the treatment group 
receiving the feedback monitor was provided a booklet 
explaining the monitor, how to use it, and a series of 
''games" that could be used to establish persistent usage 
patterns. 


The consequence strategy was the feedback monitor, 
called the Energy Cost Indicator (ECI). The ECI was 
developed as a prototype feedback device designed spe- 
cifically for this test (see the Figure). Both feedback in- 
formation and the physical properties of the ECI were 
developed as a result of information provided from lit- 
erature reviews, focus group interviews with consumers, 
personal interviews with manufacturers and retailers, 
and laboratory testing at the National Bureau of Stan- 
dards (Ramey-Smith and Gagnon 1979). The result of 
this systematic and extensive exploratory research phase 
was a feedback device containing four types of infor- 
mation (Figure). 


This final version of the ECI was developed around 
the properties presented as part of the internal mediating 
variables in the conceptual framework. It was concluded 
that both learning and motivational properties should 
be included in the final design, although it was beyond 
the scope of this test to address experimentally all of 
the external mediating variables presented in the con- 
ceptual framework. 


To measure effects of antecedent and consequence 
strategies, a randomized one-way design with control 
groups was selected. The design was replicated in two 
cities in the United States (Vacaville, California and 
Dallas, Texas) and in Canada (Vancouver, British Co- 
lumbia and Montreal, Quebec). Each test city was cho- 
sen based on utility cooperation and an attempt to gain 
some variability in the previously described external 
mediating variables. 


FIGURE 


ENERGY COST INDICATOR 


Time Accumulated cost 


AM PM $ 
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' Cost Next This 
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aEnergy cost today represented the cumulative total cost of energy consumption for a 24- 
hour period (midnight to midnight). This function's primary purpose was to allow day-to-day 
monitoring and small-scale experiments on the part of the household member. This information 
was always present on the ECI, unless another access button was activated for another 
type of information. 


bCost next hour told the consumer how much energy would cost over an hour if consumption 
kept pace at the same rate. The effects of immediate adjustments in certain appliances or 
behavior could be measured using this function. 


cCost yesterday told the consumer the cost of energy the house consumed in the previous 
24-hour period from midnight to midnight. 


dCoSt this month kept track of energy used since midnight of the first day of the month. 
Total energy costs to the minute were available with this function. This type of information 
could be used for monthly budgeting purposes. 


The design for the energy consumption variables is 
a pretest-posttest format using utility billing meter in- 
formation. Awareness and knowledge variables are 
studied through a posttest-only design (Campbell and 
Stanley 1963). The four conditions (treatments) are de- 
fined as follows: 


* ECI plus education (sometimes called ECI). Subjects 
received the feedback monitor plus conservation lit- 
erature. (See the Exhibit and previous discussion for 
how feedback was operationalized.) 


* Education. Subjects received only the conservation lit- 
erature. This literature consisted of a series of books 
on how to save energy and what used the most energy 
in houses. Measurement of educational effects con- 
sisted of responses to questions about what consumed 
the most energy in the home and the best tactics for 
conserving. 


* Experimental control (sometimes called Control). 
Subjects were notified of being included in an energy 
consumption study when the study commenced. 


* Blind control. Subjects were unaware that they were 
participating in the study. Naturally, only consumption 
data was collected from these subjects via regular bill- 
ing data. The blind control condition addressed the 
external validity problem that the knowledge of being 
a participant in an energy consumption study alone 
may affect the energy consumption behavior. 


For any information on a relative basis to have 
meaning, it was important that the study be imple- 
mented as identically as possible in each location. 
Careful protocols were developed for sampling, general 
conduct of the study, collection of gas and electricity 
energy consumption data, and posttest personal inter- 
views. 
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The sampling objective was to draw a probability 
sample from the universe of interest in the four cities. 
For increased statistical power a stratified sample was 
used. In Montreal and Dallas, the sample was composed 
of all-electric homes. In Vancouver and Vacaville, 
households used gas and electricity. 


Following initial screening, the universe was ordered 
on annual energy consumption and stratified into four 
quartiles. A random sample of 100 was drawn from 
each quartile and the chosen subjects were then ran- 
domly assigned to the four conditions separately and 
independently from each quartile. This procedure ac- 
complished a randomized block design that allowed for 
a more powerful analysis technique than a completely 
randomized design. Furthermore, because there are 
replications in every block-treatment combination, it 
is possible to investigate the possible block-treatment 
interactions and not assume that these interactions are 
zero, as has to be done in some randomized block de- 
signs.' 


Energy consumption was recorded for one year pre- 
ceding and one year following the treatments. These 
consumption measurements were recorded directly 
from the utility meter as part of the utility company's 
regular billing procedure. This was the only procedure 
carried out in the blind control group outside the ran- 
dom assignment. One year after the treatments, home- 
owners in three of the four experimental conditions (all 
but the blind control group) were interviewed in their 
homes by professional interviewers to measure knowl- 
edge and attitudinal dimensions. 


The combination of theoretical bases for the impact 
of feedback, prior studies linking feedback to conser- 
vation actions, and stated research and policy objectives 
led to the following hypotheses: 


Hi: The ECI + Education and Education alone 
will result in increased (as compared to the 
Control conditions) knowledge of energy- 
saving behaviors and what consumes large 
amounts of energy in a typical home. 


Hla: The ECI + Education will have more 
impact than the Education alone on knowl- 
edge. 


H2: The majority of subjects in the ECI conditions 
will find the ECI useful and be interested in 
buying or renting one. 


H3: The ECI + Education and Education alone 
will result in lower (as compared to the Con- 
trol conditions) energy consumption. 


H3a: The ECI + Education will have more 
impact than the Education alone on con- 
sumption. 


H3b: The largest impact will take place 
among the subjects in Quartile 3.2 


RESULTS 


Three studies comprise the focus of this section- 
Quebec, British Columbia, and California. Dallas, 
Texas is not included because of the lack of compara- 
bility to the other studies, small sample size, and high 
variability in the data.3 


Consumer Knowledge 
Table 1 provides the results of two key questions re- 


lated to household knowledge of home energy use. The 
first question asks what behavior is most likely to save 
the largest amount of energy. Adjusting the night ther- 
mostat is the correct answer and the most mentioned 
response by each condition in each location. However, 
both the level and pattern of results show striking dif- 
ferences. In all three conditions in Quebec, over 70 per- 
cent of the sample responded with the correct answer. 
In British Columbia, over 50 percent of the subjects in 
both the ECI and Education treatments gave the correct 
answer. In addition, 45 percent of the Control condition 
responded correctly. In California, only the ECI treat- 
ment had over 50 percent responding correctly. 


To test Hypothesis 1 and Hypothesis 1 a with respect 
to knowledge about the most energy-saving procedures, 
the answers to this question were collapsed into correct 
(adjust night thermostat) and incorrect (all others, ex- 
cluding no answers) categories. Results of the chi-square 
test indicate significant differences only in California. 


Further tests were conducted by comparing each 
condition pairwise to each other, again using chi-square 
tests. The ECI condition had a significantly (p < 0.05) 
higher proportion of right answers than both Education 
and Control conditions. However, there was not a sta- 
tistically significant difference between Education and 
Control. Thus in this analysis, both Hypotheses 1 and 
1 a received partial support in the California data, but 
were rejected for both Canadian cities. 


'We call this design a one-way design because the treatments form 
a single nominally scaled variable. The analysis is a 4 X 4 factorial 
because the blocks (energy quartiles) have several replications for 
each treatment. The energy quartiles, of course, cannot be interpreted 
as treatments, since subjects are not randomly assigned to them. Se- 
lection to a quartile within a chosen sample is based on a pre-existing 
condition, not random chance. 


2It is assumed that the third quartile is heavily weighted with middle- 
class households. Research has shown that this group is very price 
conscious and allocates a large proportion of its income to house and 
household-related purchases (e.g., appliances). The group is charac- 
terized by above-average education and high achievement motivation 
(Engel and Blackwell 1982). This combination of traits provides both 
motivation and capability to respond positively to the treatments. 


3The Dallas study experienced the most difficulty operationalizing 
the experiment. A significant number of subjects could not be re- 
cruited to fill the treatment conditions according to standard recruiting 
techniques. Consequently, Dallas went to an approach that differed 
significantly from the other cities and is not included in this study. 
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TABLE 1 


CONSUMER KNOWLEDGE OF HOME ENERGY USE 


Test site 


Quebec British Columbia Californiaa 


ECI Education Control ECI Education Control ECI Education Control 
Question n= (92) (95) (84) (93) (92) (92) (95) (76) (65) 


What is the one thing 
in a house that can 
save the most 
energy? 


Adjust night 
thermostatb 70.7 73.7 72.6 52.8 56.0 45.1 55.6 39.4 33.3 


Correct 65 70 61 48 51 41 45 26 16 
Percent 71 74 73 53 56 45 56 39 33 


Incorrect 27 24 23 43 40 50 36 40 32 
Percent 29 26 27 47 44 55 44 61 67 


2 2 2 
Chi-square results X = 0.34, 2 df X = 2.32, 2 df X = 7.12c, 2 df 


Besides space 
heating, the one area 
in most homes that 
consumes the most 
energy is... 


Hot waterb 67.4 57.1 _d 62.3 54.1 d 13.8 11.9 d 


a Sample sizes for the Education and Control conditions were reduced to account for installation problems specific to California. Only three-wire homes were installed with ECIs. Consequently, 
all two-wire homes in the other conditions were removed from the analysis to maintain comparability. 


I Correct answer given in percentages. 
p < 0.05. 


dQuestion not asked of the control condition. 
NOTE: In the pairwise comparisons results were as follows: ECI versus Education: X2 = 3.82c, 1 df; ECI versus Control: X2 = 5.97C, 1 df; and Education versus Control: x2 = 0.94, 1 df. 


To test Hypothesis la further with respect to knowl- 
edge, responses to the second question were also col- 
lapsed into correct (hot water) and incorrect (all other, 
excluding no answers) categories. Results from chi- 
square tests indicated no significant differences. For this 
level of knowledge, Hypothesis la did not gain addi- 
tional support. 


In summary, Hypothesis 1 and Hypothesis la re- 
ceived partial support in the California data but not in 
the Canadian data. The clear differences between these 
three locations offer some interesting, although specu- 
lative, interpretations for policymakers and marketers. 
First, the highest levels of knowledge occur in Quebec, 
which has by far the most severe temperature differ- 
entials and winters. Additionally, it is the only one of 
the three cities with all-electric homes. The premise that 
consumer response to feedback is influenced by the sit- 
uation gains support in this case. 


A second, and not so expected, interpretation of the 
data relates to the differences between the two Canadian 
locations and the one U.S. location. It is interesting 
that there were no significant differences between any 
of the Canadian conditions on the knowledge questions 
and that the overall response levels were relatively high. 
The difference in response levels between the U.S. and 
Canadian cities is striking. In the U.S. city, the ECI 


condition has the highest percentage of correct re- 
sponses (55.6 percent). In Quebec, even the Control 
condition achieved a 72.6 percent correct response rate. 
This same level difference between locations occurs in 
the second question as well. This indicates that preced- 
ing the study, households in the two Canadian cities 
were better educated on conservation issues than 
households in the U.S. city. 


Attitudes Toward the ECI 


For the purposes of this study, attitude was concep- 
tualized as an unidimensional overall feeling toward 
the object and its functions. Operationally, it was mea- 
sured in a single, direct paper and pencil five-point scale 
response. In each of the three experiments, reactions to 
the ECI were very positive. Over three-quarters of the 
subjects in each of the ECI treatments indicated that 
the feedback provided by the monitor was useful or 
somewhat useful in helping them conserve energy 
(Quebec = 90.6 percent; California = 95.1 percent; 
British Columbia = 78.0 percent). 


The overall usefulness scale clearly supported the first 
dimension of Hypothesis 2. It is interesting that Cali- 
fornia showed the most support for the ECI, followed 
by Quebec, and then British Columbia. Perceptions of 
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TABLE 2 


CHANGE IN ENERGY CONSUMPTION IN CANADAa 


ANOVA 


Quebec British Columbia 


(Xl 0,000)b (X100,000)b (X1 ,000)b 


Mean Mean Mean 
Source df square F df square F df square F 


Electricity Total (gas + electricity) Gas 


Energy quartiles 3 11.14 1.00 3 556.17 .46 3 7.80 .81 
Treatments 3 31.03 2.78c 3 3258.23 2.68c 3 70.24 2.93c 
Interaction 9 3.44 .31 9 2357.26 2.19c 9 51.22 2.14c 
Quartile 3 3 1339.95 1.10 3 29.55 1.23 
Within cell 356 11.15 343 1215.71 345 23.99 


Meansd 


ECI and information -1,520 ac 1171.81 ac 2104.22e 55.69 ac 113.95e 
Education -760 a,b 2276.16 a,b 1256.09 108.08 a,b 74.96 
Experimental 


control -310 b 2570.40 b 2838.22 120.98 b 138.23 
Blind control -270 b 2196.75 a,b 1215.80 9470 a,b 58.70 


a Measurement unit is BTUs; gas = therms and electricity = kilowatt hours. 
b Actual mean values are n times the value. 
cp < 0.05. 
d Means are yearly changes. 
o Values in this column are for Quartile 3. 


NOTE: Two means followed by the same letter are not significantly different from each other. Two means followed by different letters are significantly different from each other (Tukey's HSD 
test). 


the usefulness (or favorability toward, in the case of the 
California study) of the three separate information 
functions were also positive. While subjects generally 
felt that all three were useful, the "cost today" infor- 
mation was perceived to be the most useful. 


In a related question, subjects were asked how the 
ECI helped them conserve. The number one reason for 
both British Columbia and California was "increased 
energy awareness." The number one reason for Quebec 
was the motivational factor. This probably relates to 
the very high levels of education already present in 
Quebec along with higher bills. 


Purchase Intent 
The positive attitudes are further reflected in high 


levels of purchase and/or leasing intentions for the ECI. 
Attitude scores in the previous section showed Califor- 
nia being most favorable, followed by Quebec, and then 
British Columbia. This same rank order occurred for a 
"willingness to pay" question (California = 68.7 per- 
cent; Quebec = 48.9 percent; British Columbia = 37.0 
percent). Quebec subjects were found to be more likely 
to rent the device (although slightly less likely to pur- 
chase) and were overall more willing to take some pos- 
itive action in regard to the ECI (i.e., rent or buy) com- 
pared to British Columbia (95.0 percent versus 66.3 
percent). Finally, it seems to make sense that Quebec 


subjects would be more likely to rent, since they are 
more advanced in both knowledge and use of the device. 
Once the behaviors have been learned, the need for the 
device would be perceived as marginal. In combination 
with earlier results, Hypothesis 2 is clearly supported. 


Behavior 
Two types of behavior were measured in the study. 


The first involved interactions with the ECI. How often 
the various types of information were accessed was 
measured from an internal counting and storage file 
inside each device. In all three tests a considerable drop- 
off in use over the first few months of the study was 
recorded. Subjects in Quebec accessed the feedback in- 
formation more than did subjects in the other two test 
sites. 


Tables 2 and 3 show the results of analyses of variance 
for changes in energy consumption after treatments as 
compared to the previous year's baseline consumption. 
The clearest indication of a positive effect of the feed- 
back information was found in Quebec (Table 2). The 
ECI condition was significantly different from both 
control groups (p < 0.05). It was not significantly dif- 
ferent from the education treatment at the 0.05 level, 
but the means are in the expected direction. 


Over the course of the study, average consumption 
for Quebec was approximately 2,500 kilowatt hours 
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TABLE 3 


CHANGE IN ENERGY CONSUMPTION IN CALIFORNIAa 


ANOVA 


(X100,000)b (X1,000)b (X10,000)b 


Mean Mean Mean 
Source df square F df square F df square F 


Total Gas Electricity 


Energy quartiles 3 597.81 30.00C 3 495.26 33.09c 3 706.22 3.99C 
Treatments 3 32.29 1.62 3 18.17 1.21 3 158.36 .90 
Interaction 9 41.92 2.01 c 9 35.52 2.37c 9 118.35 .70 
Quartile 3 3 56.50 2.84c 3 48.34 3.23c 
Within cell 317 19.92 317 14.97 319 177.03 


Meansd 


ECI -150.96 -213.81 ace -155.88 -223.88 ace 144.17 294.96e 
Education -140.25 -134.59 a,b -149.62 -149.67 a,b 274.38 441.43 
Experimental control -178.19 -103.36 a,b -180.43 -1 20.86 b 115.71 642.68 
Blind control -119.28 -97.04 b -132.96 -1 16.68 b 401.77 574.84 


a Measurement unit is BTUs; gas = therms and electricity = kilowatt hours. 
b Actual mean values are n times the value. 
c p < 0.05. 
d Means are yearly changes. 
* Values in this column are for Quartile 3. 


NOTE: Two means followed by the same letter are not significantly different from each other. Two means followed by different letters are significantly different from each other (Tukey's HSD 
test). 


(kwh) per month. Based on an average rate of $.032 per 
kwh, the average bill was $80. In the ECI condition, 
consumption dropped 127 kwh for an average monthly 
savings of $4.45 compared to the Control condition, 
which dropped 25 kwh for an average savings of $.88 
per month. Thus the ECI produced a 5.1 percent savings 
and an incremental savings of 4.1 percent from the 
Control. 


Consequently, for Quebec, Hypothesis 3 and Hy- 
pothesis 3a received partial support. Because the inter- 
action between the energy quartiles and the treatments 
was not significant, further tests related to Hypothesis 
3b were not appropriate. This is not surprising given 
the high levels of knowledge toward energy conservation 
in Quebec. 


British Columbia also shows both a significant main 
effect of the treatments and a significant interaction ef- 
fect for gas (but not electricity) and total consumption. 
A further investigation of the cell means revealed an 
exceptionally low mean in one cell (ECI in Quartile 4) 
accompanied by exceptionally high variance in that cell. 
This combination led the investigators to search for po- 
tential outlier(s). One outlier was discovered that 
showed a disproportionate reduction in energy con- 
sumption. Fortunately, it was possible to trace this 
household, and, in fact, the household had a legitimate 
reduction in energy use due to a radically changed usage 
profile.4 


When the analysis was done including the outlier 
(Table 2), the ECI condition showed a significantly dif- 
ferent mean from the Control condition, and the means 
were in the hypothesized direction. This held true for 
both gas and total consumption. Consequently, with 
the outlier, Hypothesis 3 and Hypothesis 3a receive 
partial support. 


Using a conversion factor, therms were converted to 
kwh equivalent. Average consumption was 2,750 kwh 
equivalent. Using a $.028 per kwh cost and $.36 per 
therm, the average monthly bill was $40.25. All changes 
in British Columbia resulted from gas usage. In the ECI 
condition gas rose 75 kwh equivalent or $.92 per month. 
The control group rose an average of 213 kwh equiv- 
alent or $2.62 per month. Consequently the ECI con- 
dition produced only a 2.7 percent increase compared 


4The resulting dilemma was whether to leave the household in 
(even though its presence was an exception to the rest of the sample) 
or take the household out (selectively altering a random sample). The 


decision was made to analyze the data with and without the outlier 
and hope for consistent results. This approach was partially successful. 
For gas consumption, removing the outlier increased the p value for 
the treatment main effect to 0.10 and the interaction to 0.12. The 
order of the main effect means did remain in the hypothesized di- 
rection. For total consumption, removing the outlier increased the 
p value for the treatment main effect to 0.17 and the interaction effect 
to 0.10. Again, the order of main effect means remained as hypoth- 
esized. For electricity, no effects approach significance. This is not 
too surprising given that electricity is not the primary heating fuel in 
this city. Because the main effects of the treatments were not significant 
at the 0.05 level, both Hypothesis 3 and Hypothesis 3a do not receive 
expected support. However, because the means remained in the hy- 
pothesized order, this may be due to a lack of sufficient statistical 
power in the test. Additionally, because the interaction effects were 
not significant, Hypothesis 3b was not supported. 
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to a 7.7 percent increase for the Control. The incre- 
mental "savings" was 5.0 percent. 


In the analysis of the interaction effect as guided by 
Hypothesis 3b, results show no significant simple main 
effect of treatments for Quartile 3. Additionally, the 
means in Quartile 3 are not in the hypothesized order. 


In summary, the results are less clear in British Co- 
lumbia. The outlier in Quartile 4 was a significant factor 
in reaching traditional significance levels. At best, these 
results lend partial support for Hypothesis 3 and Hy- 
pothesis 3a. 


Table 3 presents behavior results for California. There 
were no significant treatment main effects. Conse- 
quently, the California data supports neither Hypothesis 
3 nor Hypothesis 3a. However, the significant energy 
quartile main effect indicates that blocking on usage 
was effective in reducing unexplained error variance. 


The interaction between energy quartiles and treat- 
ments was significant for both gas and total consump- 
tion. Guided by Hypothesis 3b, the significant inter- 
action was further investigated. Simple main effects for 
Quartile 3 are significant. Given the fact that the treat- 
ment main effect was not significant, no other simple 
main effects were tested. The means in Quartile 3 are 
in the hypothesized direction for all consumption mea- 
sures, and the ECI is significantly (p < 0.05) different 
from both Control groups for gas and from the Blind 
control group for total energy. Additionally, while 
analysis of electricity consumption data did not indicate 
statistically significant treatment main effects or inter- 
action effects, the means for Quartile 3 are in the hy- 
pothesized order. 


In California, as in British Columbia, changes in 
consumption occurred for gas. Overall average con- 
sumption was approximately 3,000 kwh equivalent. 
Using an average rate for electricity of $.072 per kwh 
and $.40 per therm for gas, the average bill was $71 per 
month. For Quartile 3, the average consumption was 
approximately 3,600 kwh equivalent, which produced 
an average bill of $85 per month. In the ECI condition, 
consumption dropped 511 kwh equivalent or $7.13 per 
month. Control group consumption dropped 268 kwh 
equivalent or $3.70 per month. Consequently, the ECI 
reduction was 14.2 percent compared to 7.4 percent in 
the Control. 


In summary, the California data clearly had a differ- 
ent profile than the Canadian data. While the California 
data did not support Hypothesis 3 or Hypothesis 3a, it 
did lend partial support to Hypothesis 3b. 


CONCLUSIONS AND IMPLICATIONS 
As a general concept, feedback has a strong theoret- 


ical foundation indicating its usefulness in altering levels 
of consumer knowledge and behavior. This study was 
undertaken to gain additional insight into the potential 
effects of specific types of feedback and presentation 
formats under conditions relevant for future policy and 
marketplace decisions for resource conservation. The 


combination of a field experimental design with repli- 
cations does provide additional insight into feedback's 
potential role as an information technology for energy 
conservation. The results are directed at providing use- 
ful information for policymakers engaged in informa- 
tion provision and its evaluation, consumer researchers 
interested in the development of methods to assess the 
impact of information and in better understanding the 
concept of feedback, and marketers involved in assess- 
ing new market opportunities. 


The results of this study provide some evidence to 
support both the learning and motivational conse- 
quences of certain types of feedback as proposed in the 
conceptual framework (Exhibit). However, in compar- 
ison to previous research efforts, it would appear that 
the value of feedback may be limited, depending on 
type of feedback and situational factors. Feedback re- 
sults appear more impressive when used in conjunction 
with the shorter term, high intensive strategies tested 
in previous research. 


Results of this study indicate that any positive im- 
pacts that feedback may have on conservation are likely 
to be mediated by situational conditions and variables 
across consumer groups. Quebec, which produced the 
strongest behavioral effect, was the coldest city (heating 
accounts for 58 percent of electricity use), contained 
all-electric houses, and paid the most for energy, al- 
though it did not have the highest unit costs. Addition- 
ally, Quebec subjects had the highest levels of knowledge 
about energy use and savings preceding the study. Cal- 
ifornia, which had no significant overall effects, had the 
highest per unit costs of energy and the second highest 
average bill. 


Feedback has typically been associated with moti- 
vational and behavioral impact measures in previous 
research. This study shows some potential for the learn- 
ing (i.e., knowledge) effect of feedback, which is the 
necessary prerequisite for behavior in many situations 
(Rogers and Shoemaker 1971). The behavior effects 
found in Quebec versus the learning effects found in 
California help explain the nonhypothesized results in 
this study. For any number of possible reasons (e.g., 
colder winters, higher prices, more and better govern- 
ment conservation programs), Canadians appeared 
more ready to respond to conservation programs and 
related products than did their U.S. counterparts. Re- 
sults of the posttest questionnaire show Canadians al- 
ready had high levels of knowledge regarding energy- 
related issues, so it is not surprising that no significant 
differences resulted between conditions on knowledge 
variables. The California consumers, on the other hand, 
showed lower initial knowledge, as evidenced by control 
condition scores, but showed significant improvement 
on the part of the ECI condition when compared to the 
Control condition. Interestingly, even the ECI condi- 
tions in the U.S. did not achieve as positive a response 
to some questions in this area as did the Control con- 
ditions in Canada. The greater readiness to respond to 
energy conservation on the part of Canadians most 
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likely stems partly from their higher level of conser- 
vation knowledge. There is evidence that this level of 
response has been stimulated primarily by aggressive 
government information and education campaigns 
(environmental differences). 


Also, in California, where knowledge levels were 
lowest, the ECI treatment (device plus education) pro- 
duced significantly higher levels of knowledge compared 
to the Education alone treatment and the Control. Ed- 
ucation treatment effects were not significantly different 
from the Control. It does appear that the ECI enhances 
learning in low-knowledge situations. That is, a certain 
level of readiness is needed before consumers can be 
expected to change behavior. 


In Canada, where knowledge levels were high, the 
ECI treatment households did use less energy than 
Control households. However, results were not signif- 
icant between the ECI and Education treatments, al- 
though means were in the hypothesized direction. No 
significant differences for knowledge occurred among 
any of the treatments. While the lack of significance 
between the ECI and Education treatments may be due 
to high variability in the energy data, it still does not 
leave a clear message concerning the value of feedback 
compared to education alone in producing behavior 
change. 


In summary, from a policy perspective, conclusions 
about feedback and its role in producing energy savings 
are tentative at best. For both policymakers and mar- 
keters the decision is one of assessing the marginal utility 
of investments in more expensive feedback options 
compared to less expensive, more targeted educational 
programs. The nature of the feedback must be evaluated 
carefully by policymakers. Consumer research, partic- 
ularly in natural environments, can play a valuable role 
in providing information for these decisions. The con- 
cept of feedback can be an important guide to the de- 
velopment of specific programs and strategies where it 
has shown promise. This study cautions against saying 
that any type of feedback, under any conditions, di- 
rected at any population, will produce positive results. 


[Received October 1984. Revised Anril 1986.1 
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PANEL 3


Energy advice - what is it worth?


Sarah DARBY
Environmental Change Unit, University of Oxford


1 - ABSTRACT


Domestic energy advice is an expanding area of activity, offering fuel savings and increased comfort to
householders. With governments needing to meet carbon dioxide reduction targets as cost-effectively as
possible, there is a growing interest in the evaluation of advice programmes. It is notoriously difficult, though,
to assess the impact of advice on energy awareness and consumption.


What are the factors needed for advice to be effective? To what extent can advice to individuals be
standardised? And how is advice best monitored and evaluated? Advice initiatives in the UK are reviewed, with
particular reference to low-income households and ranging from small-scale local projects with a poverty focus
to large-scale national programmes. While a variety of monitoring and evaluation methods have been used,
there is enough evidence to demonstrate the effectiveness of advice when it is opportunistic (given at a time of
change for the client) or client-led (when the client contacts the advisor and is already motivated to act). Client-
led advice can be at least as cost-effective as more standardised approaches for low-income households.


Feedback on consumption to householders who read their own meters is identified as the most promising single
method for motivating householders to achieve savings - and the measurements involved also provide a sound
basis for evaluation.


2 - INTRODUCTION


The definition of energy advice used in this paper is the one adopted by Green et al (1998):
• Energy advice is advice which is specific to individuals and their circumstances, with the aims of


improving energy efficiency, comfort and the ability of a household to achieve affordable warmth.


The specificity of advice is what distinguishes it from information, promotional activities or education. This
implies two-way communication between advisor and client (usually the householder) in order to make clear
what the client’s priorities and circumstances are. It can be carried out face-to-face or over the phone, but not
passively by sending literature only.


Domestic energy advice is promoted as a way of improving energy efficiency and alleviating fuel poverty (eg
Energy Saving Trust, 1998). This can be achieved by persuading recipients to invest in energy efficiency
measures and/or to use their existing equipment more economically. Such advice has been provided as part of
the service offered by housing and social services departments in the UK for a long time, but since the mid
1970s there has been an increasing number of projects and programmes dedicated to energy advice.


This increase in activity and the urgency of reducing carbon emissions from domestic fuel consumption have
led to a need to evaluate effectiveness, but there are no standard methods for analysis and evaluation of advice
programmes as yet. ‘Success’ in advice-giving is related to a number of variables which are not easily
measured, such as the characteristics of advisor and client and the circumstances in which the advice is given.
Estimates of potential energy savings from the installation of physical energy efficiency measures or from
replacement of appliances by more efficient models can vary considerably, while savings from behaviour
changes are even less certain (Green et al, 1998). In addition, advice is often given at the same time as changes
in a household, such as the installation of physical measures: it is difficult to isolate the impact of the advice.
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This paper demonstrates that it is possible to gain information from advice programmes which can be used to
improve impact. It concentrates on advice to householders on low incomes, for two reasons. One is historical:
most of the available data relate to low-income households. The other concerns the debate on how best to
achieve carbon savings with limited resources.


Approximately eight million households in the UK, containing 30% of the population, are estimated to suffer
from fuel poverty: that is, they would need to spend over 10% of their income on fuel in order to keep
adequately warm (Boardman, 1998). Fuel poverty most commonly occurs as a result of the combination of low
incomes, poorly insulated homes and inadequate heating systems; it is regarded as a pressing social problem
(Eagle, 1998). Clients in fuel poverty will take at least some of the benefits of increased efficiency as increased
comfort and it may be seen as more cost-effective to advise fuel-rich clients with higher consumption and
money of their own to invest in efficiency measures (NP/BMRB, 1997). But equity considerations, the number
of households in fuel poverty and the relatively high carbon emissions from those households point to the
urgent need for action to improve energy efficiency there (Boardman, 1998). The findings indicate that public
money can be at least as effective in yielding carbon savings when it is spent on focussed advice to the fuel poor
as when it is used for more widely-targeted and standardised information programmes.


3 - LOW-INCOME HOUSEHOLDS
Low-income households, by definition, have little or no capital to invest in energy efficiency. This lack of
capital means that programmes targeted at low-income households need to concentrate on
• energy efficiency measures which can be carried out with grants or other financial aid
• no-cost behavioural changes in energy use
• reducing condensation
• alleviating fuel debt
• fuel supply options and payment methods.
 
 The effectiveness of such programmes can and should be assessed in terms of energy savings and also in terms
of grants claimed, comfort, improved health, energy awareness and reduction in fuel debt or payments. For
example, fuel expenditure was found to be 18% of total expenditure on average for single elderly people who
depended on the means-tested state benefit (Hutton and Hardman, 1993) – and even this 18% was not always
adequate to prevent illness and hypothermia in cold weather. Another study in the same year (Savage, 1993)
found that 37% of older people sampled had living room temperatures below 16oC. For people in such a
situation the priority is not to save fuel: it is to find the resources to keep warm as inexpensively as possible.
Monitoring and evaluation of advice would need to take the importance of increased and affordable comfort
into account.


3.1. Comfort ‘takeback’
 The internal temperature of the home is the main determinant of the amount of benefit from energy efficiency
measures that will be taken as an increase in comfort – a ‘takeback’ - rather than as an energy saving (Milne &
Boardman (1997). At 16.5oC (the average temperature of housing in Great Britain) about 30% of the benefit of
an energy efficiency improvement would be taken as a temperature increase and the rest as an energy saving; at
temperatures as low as 14oC - still frequently found in low-income households - only half of the energy saving
would be achieved. Only once the internal temperature reaches around 20oC are further improvements in
efficiency likely to achieve the full energy saving.
 
 Even after allowing for this takeback, though, there are substantial carbon savings to be accessed from low-
income households. This is because of the numbers involved and also because insulation levels are relatively
poor: the incidence of loft and wall insulation, draughtproofing and double glazing decreases with household
income (EHCS Energy Report, 1996). In addition, low-income households are more likely than others to use
coal, oil and electricity for their heating and less likely to use gas, so that their carbon dioxide output per unit of
fuel burnt is higher (Boardman, 1998).
 
 For many low-income households, energy advice is no substitute for improving inadequate insulation and
heating arrangements: the coldest homes need physical measures (and therefore grants) before anything else
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(Brady and Hutton, 1993; Walker and Oseland, 1998). This does not mean, though, that advice in these
circumstances is worthless: this would only be true where nothing remained to be achieved in terms of
understanding energy use and acting on that understanding.
 


4 - WHOSE AGENDA FOR ADVICE?
 Government, individuals and communities may well have different priorities when it comes to energy
consumption:
• central government aims are likely to centre on a reduction in CO2 emissions and reduced pressure on the


health service from cold and damp-related disease;
• local government may be most concerned about the state of the social housing for which it is directly


responsible (although local authorities are now responsible for plans to improve the efficiency of all homes
in their area);


• individuals aim for affordable warmth if they do not have it and (perhaps) for greater energy efficiency if
they have already achieved a satisfactory level of comfort;


•  in the long term, building up the confidence and understanding of householders is also of
• value – constructing a store of ‘folk wisdom’ on domestic energy use which is transmitted to
• friends, neighbours and children. This can include factors such as the causes of air pollution and the


desirability or otherwise of different energy sources.


Regardless of who funds and supports energy advice, though, the requirements of the householder or client
must be addressed if it is to be effective (Green et al, 1998). The three main motivations towards energy
efficiency - cost saving, comfort and environmental concern - may overlap but it is likely that the first two will
usually outweigh the third (New Perspectives/BMRB 1997), especially for those on low incomes. Programmes
of advice must address these motivations if they are to hope to produce results pleasing to clients and to
government.
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5 - EVALUATION OF EFFECTIVENESS - HOW ADVICE WORKS


A range of energy advice projects and programmes was studied in order to find out how they were evaluated
and what could be discovered about the most effective ways to give advice. The model for advice-giving was as
follows:


Energy advice


Clients’ actions
take-up of grants


Raised awareness low-cost actions
behavioural change
changed payment methods
action on condensation


Advice passed
on to others


Measurement Assumptions
clients’ reports impact of measures


Actions meter readings lifetime of measures
consistency of household


Assessed outcomes
kWh savingsimproved comfort
money savings improved health
CO2  savings confidence and
reduced debtunderstanding
reduced condensation


Figure 1: a model for advice-giving


Advice may be translated into action either directly or by way of raising awareness and producing action later
on the part of others. The range of possible actions for low-income households following energy advice is
outlined in Figure 1, with those which lend themselves best to an estimate of energy savings (take-up of grants,
low-cost actions) given first. When assessing effectiveness, five outcomes are listed  which are relatively easy to
measure. In addition to these five are three (comfort, health, confidence and understanding) which are
important in terms of quality of life and can be recorded, although without precision. Note the role played by
assumptions: useful meter readings were the exception, not the rule, in the projects reviewed.
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The review took place in two parts. The first was a questionnaire survey of advice practitioners (most of whom
were installers of insulation and central heating who gave advice as a part of their service), followed by
interviews with those who had indicated that they did attempt to evaluate effectiveness. The second part was a
review of 15 reports from a range of energy advice projects and programmes.


6 - FINDINGS
The first finding, from the questionnaire survey of 110 practitioners, was that most simply kept records of client
numbers and satisfaction levels. Most of the 37 organisations subsequently interviewed had kept case notes but
had done little to monitor actions taken by clients or to measure outcomes systematically. This was particularly
true of the long-established community-based advice providers, set up to alleviate hardship: these demonstrated
success by the continuing demand for their services. They were not designed or run for formal scientific
evaluation.


Most of the analysis of advice-giving, then, is based on the second part of the survey – the review of 15 written
reports covering UK projects and programmes carried out between 1985 and 1997. These varied in scale from a
project with some 17 tenants of a housing association to the government-backed national network of Energy
Efficiency Advice Centres (EEACs) which at the time advised around 100,000 householders per year. The
EEAC evaluation was by far the most detailed and was given particular attention, although (alone of the
programmes) it was not directed specifically at those on low incomes (NP/BMRB 1997).


From the review of these reports it was possible to
• identify four different modes of advice-giving in terms of aims and methods, with their strengths and


weaknesses;
• identify general categories or ‘packages’ for monitoring and evaluation;
• assess to what extent advice to low-income households can usefully be standardised;
• attempt a direct comparison between three programmes with different approaches;
• examine the role of feedback on consumption in the giving and evaluation of advice.


6.1. Modes of advice-giving
The projects were divided into four categories according to the mode of advice giving and the way in which
effectiveness was evaluated. They were:
a)  opportunistic – with advice given when the client has recently moved house or had new equipment or
energy efficiency measures installed (six projects);
b)  energy-efficiency-led with media backup (the Energy Efficiency Advice Centres);
c)  client-led locally-based projects with a poverty focus (four projects);
d)  research-led (four projects).


The last of these - the research-led projects - is a residual category. It includes those projects which were set up
primarily for research but which did not have the characteristics of the first three categories. These projects,
where the clients were selected for suitability by the researchers (rather than taking the initiative themselves)
and where there was no change in circumstances to which the advice could be ‘attached’ opportunistically,
were the least effective overall. Projects in the other categories showed varying degrees of effectiveness and are
discussed below. First, though, it is useful to look at the different methods of monitoring and evaluation used.


6.2. Monitoring and evaluation 'packages'
All advice programmes have characteristic aims and methods and operate within constraints on their time and
budget. Different types of advice programme lend themselves to different monitoring and evaluation methods:
this produces, in practical terms, a number of 'packages' for different circumstances. In outline, they are as
follows:
1. Simple client satisfaction and quality control survey


 Clients are asked about their views on service quality. They may also be asked if they are warmer or have
saved fuel, but there is no attempt to measure or calculate the effect of the advice on the client, or what
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changes they have made. This method is simple, inexpensive, and gives some feedback to the provider. But
it is not an evaluation of effect: there is not even a  check on whether clients remember the advice.


2. Survey of client actions as a result of advice, plus modelling
• Estimates of savings are computed from reported actions using a model of a range of standardised homes


with variations for occupancy, heating pattern, use of non-heating appliances and external conditions. A
widely-recognised standard model is provided and, if large samples are used, trends can be identified over
time. If the model is highly specific to the dwelling, the homeowner can use it as a predictor of the likely
effect of undertaking different measures. However, assumptions built into the model may be inappropriate -
there are likely to be considerable margins of error on estimates of the energy savings, especially where
behaviour changes are concerned. There is a need for an agreed list of what estimates of savings should be
used by any monitoring organisation, backed by the most recent evidence of efficacy. This is true for
energy efficiency measures and behavioural changes generally.* The ‘high-tech’ method of calculation of
results may give a misleading sense of accuracy and authority.


• Where domestic appliances are concerned, there are no reliable estimates available.
 


3. Logging and interviews before and after advice is given
• This is the package most closely associated with a standard research project. Fuel bill data are obtained and


temperatures inside the dwelling are measured. The advice intervention takes place and then fuel bills and
temperatures are recorded again. Households may also be interviewed before and after advice is given, to
indicate any qualitative changes.


• This ‘package’ has the advantage that fuel consumption and room temperatures are measured, not
estimated. But it suffers from severe disadvantages. Clients are likely to be have been selected to take part
in the programme and therefore may not be as motivated to act on advice as those who have sought it out.
It is difficult to get accurate fuel bill data - all meter readings need to be arranged. Controlling for the
effect of weather and other external influences is also necessary: all this takes time and is expensive.


 
4. Clients measure fuel bills or meter readings
• The clients themselves take meter readings and may also keep ‘energy diaries’ and measure temperatures.


Staff time is saved; the consumption data are accurate and clients learn about energy use as a consequence
of taking part in the exercise. The disadvantages, from the evaluator’s point of view, are that the client
may not wish to take part and that household changes, some of which have nothing to do with energy
advice, may take place to influence fuel use and are not controlled for.


One more factor should be noted for packages 3 and 4: measurements before advice is given are a form of
intervention and may influence energy use and the measured impact of the advice.


 * Estimates for the reduction in fuel costs from installing loft insulation, for example, ranged from around 10% of the average annual fuel bill
(NP/BMRB 1997) to 15-20% (Wester Hailes Partnership, 1995). Installing a room thermostat was estimated as leading to annual savings of
£10-20 (NP/BMRB 1997), while using one ‘correctly’ as an on/off control was claimed as giving potential savings of around £34 per year
(WLEAP). Reducing the ‘on’ times of immersion heaters for hot water was variously estimated as leading to savings of 3.5-5p per hour reduction
(WHP, 1995), up to 57p per day (WLEAP) and 2.7-4.1p per day (NP/BMRB, 1997).


6.3. Factors needed for advice to be effective
Energy advice is most likely to be effective when tailored to clients’ needs and circumstances. It may be
• opportunistic - given at a time of change, eg when a client moves house, has a new heating system or


energy efficiency measures installed. At least one home visit is needed. It is vital to give the advice at
installation or soon after, or when there is new occupancy of a dwelling, in order to form good energy
habits and prevent bad ones from becoming established. One project evaluation commented that the
‘preferred approach would be to target an advice project to follow immediately after the installation of a
new central heating system’. If the advice came much later, then ‘bad practice would have been well
entrenched…and much harder to shift or affect, despite the potential for warmer homes and lower fuel
bills…The coupling of an individual household energy advice service with all heating installation
programmes should be a routine element within the improvement package. Effective and appropriate use
of the central heating system will not only achieve warmer, more affordable heating for the occupants, it
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will also protect the investment of the housing association or housing co-operative’ (Joyce and
Kosmina,1996).


• client-led - the client makes contact with the advisor and is already motivated to act on advice.


The review showed that advisors to low-income households need technical knowledge, knowledge of fuel tariff
issues and a grasp of the role of other organisations in the locality. They must be able to assess the situation in a
household, to allow the client to give a lead in defining areas of concern, to prioritise advice topics (in order to
avoid overloading clients with too much information) and to check on understanding. The building of trust is
an important factor in success and being able to refer clients to other agencies is valuable.


6.4. Savings achieved
Opportunistic advice can achieve measured fuel savings of around 10% through enabling householders to
maximise the benefits of heating equipment or energy efficiency measures new to them.


Client-led schemes with a poverty focus can achieve measured fuel savings of around 10%. In some cases this
can be achieved by behaviour change alone.


6.5. Improved comfort
Data on comfort from the literature review are based mainly on reports from clients. Of those given
opportunistic advice, one group was already warm before advice was given, in new and well-insulated
apartments. Three groups reported improved comfort levels overall and one group showed improved confidence
and control of their heating after advice.


Where client-led advice was given, there are indications of improved comfort in three of the four poverty-
focussed programmes.


The Energy Efficiency Advice Centre evaluation reports that 77% of clients sampled in 1996 reported feeling
warmer after acting on advice given at some time in the previous 18 months, while 8% reported that they had
fewer health problems than previously (NP/BMRB, 1997).


6.6. A comparison between three programmes
A comparison between three energy advice programmes gives a measure of the cost-effectiveness of each based
on the costs of supplying advice to each client and the savings estimated or measured for the year following
advice (Figure 2). These three were selected from 15 as the only ones allowing for any attempt at comparison,
but even here each programme was evaluated in a different way. Rigorous comparisons are impossible.


The EEAC network used reported client actions and produced estimated savings from this information. The
Advice Centre staff have an expert computer system which can use information supplied by clients to assess the
best way in which to improve the energy efficiency of their homes. They then send out relevant written
information to the clients, which may refer to improvements that will cost the client little or nothing -
behavioural changes, or improvements funded by grants or assisted by special promotions – or to investments
for which clients will need to use their own money. They do not carry out visits to clients’ homes.


The Wester Hailes estate in Scotland was a community-based project which provided personal advice through
home visits, distributed energy advice videos to tenants and provided back-up in the form of information via the
local radio and community newspaper. Evaluation involved estimating savings from the reported actions taken
by clients in response to advice (Wester Hailes Partnership, 1995).


The West Lothian Energy Advice Project, also in Scotland, used a method based on client meter readings. An
initial meter reading is taken when the client first contacts the project, which then provides tailored advice
within two days of contact (usually through a home visit at which another meter reading is taken). The first two
readings will have established the consumption pattern, using a spreadsheet based on material used by the
utility Scottish Power. Initial testing found this to be accurate within 5%, even over a very short period of time.
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Following the advice visit, clients phone in weekly for four weeks with readings in order to check whether they
are achieving savings and for further advice if needed. It is possible to pick up clients who are falling behind
their targets for reduction during these four weeks, by checking against the pattern of use based on the first two
readings. Readings are phoned in until client and advisor are satisfied that ‘consumption is consistently within
their (the customer’s) means or target’. There is a follow-up call eight weeks later to check that the customer is
satisfied and to take a final meter reading. There is therefore a minimum of seven meter readings over at least
12 weeks. The advisors estimate that this gives sufficient time to establish behavioural change: ‘If someone was
going to return to their old inefficient habitual ways they would do so within three months. In our experience, if
they have adopted a change in behaviour for over three months they have changed for at least a year.’


Programme Cost/client to
programme
(Euro)


Cost of client’s
investment (Euro)


Client annual
fuel savings
(Euro)


Savings/E
programme
expenditure
(Euro)


EEACs (client investment in
efficiency measures)


         43.5          475.0        54.0 (estimate)          1.24


EEACs (grant uptake and
behaviour change)


         43.5            -        28.5 (estimate)          0.66


Wester Hailes project–
personal advice (grant uptake
and behaviour change)


         72.0            -      145.5 (estimate)          2.02


Wester Hailes project – advice
videos


         22.5            -        49.5 (estimate)          2.20


West Lothian project
(behaviour change only)


         78.0            -      123.0
(measured)


         1.58


Figure 2: comparing three  energy advice programmes
Source: Green et al (1998)


The Wester Hailes project appears to offer advice on behavioural change and grants for energy efficiency much
more cost-effectively than the EEACs, in spite of spending more per client. (The EEACs only become cost-
effective, on this measure, when clients invest their own money). But both figures for savings are estimates and
those made by Wester Hailes tend to be higher than those made by the EEACs. Because of differing evaluation
methods and the lack of measurements in the other programmes it is not possible to say conclusively that the
use of feedback in the West Lothian advice programme, along with the highly specific nature of the advice
given, makes it more cost-effective than the more standardised EEAC programme. It does however look as if
this is the case, in spite of the fact that the West Lothian project spends almost twice as much per client as the
EEACs and in spite of the savings (measured, then extrapolated) coming almost entirely from behaviour
changes and including any takeback effect, however large. (Takeback is estimated by the EEACs at 30% for
domestic space heating and 20% for water heating.)


6.7. Standardisation
The review showed that there can be a lot of ‘wastage’ when advice is offered in standardised packages - for
example, when the advisor goes through an entire check-list with the client or provides standard information
leaflets. Clients will usually only act on some of what is offered, while at worst they may be confused and
alienated so that they act on none (Green et al, 1998). Advisors need to present the advice in an accessible way
- preferably face-to-face and in conjunction with a home visit. This is especially important for low-income
households which may have multiple problems that are not dealt with simply by supplying information leaflets.
Around 16% of the adult population of the UK have significant difficulties with basic reading and basic maths.
A survey of 3000 adults found that ‘those from households classified as higher on the socioeconomic scale have
better literacy and numeracy skills than those lower down the scale’ and that people aged 52+ had greater
difficulty carrying out assessment tasks on basic skills than those 44 or younger (ALBSU,1995). It is not safe to
assume that all adults can understand and act on written information concerning energy efficiency.
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Meyel’s 1987 study of 100 low-income households in East London concluded that a model programme to
promote energy efficiency would not only tailor and target services according to the socioeconomic
characteristics of its clients but would give energy advice based on discussion:


Of 95 respondents who claimed to have received…information from fuel boards, none had ever taken up…
information received with the quarterly fuel bills…When questioned about preferred methods of learning and
understanding, nearly all of the sample group stated that they preferred to talk about energy use and related
issues, rather than read about them (Meyel, 1987).


The Energy Efficiency Advice Centres occupy a grey area between advice (specific) and information (general
and standardised). They are increasingly using assessment forms to be completed by the client, in place of
telephone interviews, in the interests of greater throughput and cost-effectiveness. While carbon savings
resulting from EEAC advice are estimated to be increasing, this coincides with a recent increase in the
proportion of clients able to finance energy efficiency measures from their own regular income and a fall in the
proportion on low incomes - from 35% with incomes below 11250 Euro in 1994-95 to 22% in 1996-97 (ibid).
There is a risk that the increased standardisation of the EEAC programme, along with an emphasis on
promoting physical measures (not all of which are grant-aided), will reduce effectiveness in advising low-
income households.


6.8. The role of feedback
The clearest indication of the positive role of in energy advice (that is, information on actual consumption
which can be used to assess progress towards a goal) comes from the West Lothian programme, as described
above. WLEAP believe that the behaviour-oriented method ‘gives the customer ownership of the problem. They
can see right away the positive effects of the energy advice - they can see an immediate drop in consumption
without having to wait for a bill to come in and compare it with a bill from the previous year’ (WLEAP, pers.
comm.). The majority of the fuel savings recorded come from behaviour changes before any energy efficiency
measures have been installed. Of the 999 enquiries in 1996/97, 421 clients are recorded as having made
savings: these ranged up to 1500 Euro, although the bulk (279) fell between 75 and 450 Euro (WLEAP, 1997).


The West Lothian approach is supported by some of the other projects studied. A component of two successful
‘opportunistic’ advice projects was the encouragement of tenants to read their own meters and to keep a record
of their consumption, while a third project involved monthly meter readings by a project worker (EEO, 1988;
Sluce and Tong, 1987; Hill, 1991).


Two of the research-led projects also involved a considerable amount of meter-reading (by project workers
rather than householders) but yielded little or nothing in terms of savings (LEEP, 1996; Walker and Oseland,
1998). The first of these, though, dealt entirely with appliances: any savings were likely to be small and may
have been realised almost immediately the project began. The second suffered from a lack of motivation on the
part of the clients and from over-standardised advice.


It appears from the above that feedback is of most use in conjunction with well-aimed advice on topics that
directly concern the client, and other studies give some backing to this. The problems with national campaigns
are those of giving information relevant to consumer circumstances, convincing consumers that they can
achieve change and that it is worthwhile. Learning to use energy more economically is not possible unless the
consumer experiments with the system; and ‘a utility bill is a form of feedback in which the feedback loop is
too far removed from the use of inputs to have any information value’ (Gaskell et al, 1983). They found that
the most effective means of achieving savings (24% on gas and electricity over 12 weeks compared with
controls) came from supplying groups of householders with information on energy use and at the same time
asking them to read their meters daily. Daily monitoring without information, though, led to increased
consumption (5% gas and 11% electricity), possibly because of an overzealous approach: daily meter readings,
temperature readings and keeping an energy diary would be tiresome for most of us unless we could see a clear
point to the exercise. The feedback-only group ‘concluded that conservation was bothersome and unproductive’
(ibid). The highest savers were relatively young high consumers who presumably benefited from thinking and
learning about their consumption.
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Wilhite and Ling (1995) reported savings averaging 10% for customers of Oslo Energi who received bills based
on electricity meter readings at 60-day intervals (as opposed to the usual single meter reading a year and four
bills, three of which were estimates). The figure rose to 12% when the frequent bills were supplemented by
feedback comparing the consumption with the same period of the previous year. 79% of customers showed an
interest in continuing with the new billing system at the end of the project.


A further Norwegian study (Wilhite, 1997) involved customers in reading their own electricity meters and
sending the readings to the utility. They were helped to understand their new informative energy bills by a well-
designed brochure in simple language. Increases of 15-20% in claimed awareness and understanding of billing
information resulted over a period of just over a year. Consumer reaction to this project was also very positive.
Both studies involved a representative cross-section of households, with roughly 25% using all-electric space
heating and 50% some electric space heating.


Two comparable projects have been carried out in Finland, both of which showed savings of around 5% and a
favourable consumer response to the introduction of frequent bills based on actual consumption and feedback
on that consumption. (Arvola et al, 1994; Haakana et al, 1997)


6.9. Durability of feedback effectiveness
There is very little information so far about the durability of changes in consumption resulting from feedback.
Three years after the start of the self-reading of meters and informative bills, the customers who read their own
meters and received informative bills in the second Norwegian study were consuming 8% less electricity than
the general population in the area (Wilhite, pers comm). Their consumption had fallen by 4% compared with
that before the new bills were introduced, while that of the control population had risen by 4%. It seems likely
that the regular reminders of consumption can be a stabilising influence over an indefinite period in addition to
reducing consumption in the first instance. There is a need for more field-testing of this promising method of
promoting energy awareness.


7 - SUMMARY AND CONCLUSIONS


The model of advice-giving in Figure 1 shows worthwhile outcomes that can theoretically be achieved by
effective energy advice, ranging from cuts in carbon dioxide emissions to increased confidence in controlling
domestic energy use. Evidence from the advice programmes reviewed indicates that energy advice can produce
significant benefits to individuals and to the environment - it can fulfil the wishes of householders and of
government - provided that the circumstances and requirements of the individual client or householder are met.
This review leads to the following conclusions and recommendations:


Giving advice
Client motivation is essential to bring about actions leading to increased efficiency - those clients who have
taken the initiative in asking for advice are more likely to act on it than those who have been selected to take
part in an advice programme. The programmes which focus on people and their living circumstances - where
the advice is ‘opportunistic’ or client-led - are more likely to show effectiveness than the programmes which
focus on energy efficiency or on research.


Opportunistic and/or client-led tailored advice offer the best prospects for effectiveness in terms of carbon
savings along with increased comfort and understanding: both types can lead to measured savings of 10% in
fuel consumption for space and water heating. In terms of comfort, the evidence is harder to assess but suggests
that opportunistic and/or client-led advice are worthwhile.


Gaining the trust of clients is crucial: accessibility, friendliness, experience, good communication skills and
knowledge of the local community are all assets to an advisor in achieving this.
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Low-income households have particular needs for advice that will not be met by information programmes
whose main or only aim is to achieve fuel and carbon savings.


Advice programmes targeted at low-income households need to concentrate on no-cost behavioural
changes, on grant-aided energy efficiency measures and on fuel payment issues.


Householders are likely to benefit from personal contact with an advisor.  This is especially true for those on
low incomes, because they are more likely to be trying to cope with a complex of problems that require
prioritisation, application procedures for grants or referral to other agencies. Standardised advice is less likely
to be useful to them than to higher-income households with more resources and more ability to select the
information wanted (although the evidence suggests that standardised advice is less likely to be of use to any
client than tailored advice). Public money can be at least as effective in yielding carbon savings when it is spent
on focussed advice to the fuel poor as when it is used for more widely-targeted and standardised information
programmes.


Advice programmes should be based on close attention to the circumstances of each client and carried out
by advisors with good technical knowledge and excellent communication skills. Information leaflets
should be used to back up such a service rather than as a primary means of helping clients


Evaluating advice
It is unusual for an advice programme to be evaluated systematically and still more unusual for this to be done
without relying heavily on assumptions rather than measurements. At present it is impossible to make accurate
direct comparisons between different advice programmes because of the variety of measurements and estimates
used to judge effectiveness.


Feedback on consumption to householders who read their own meters is the most promising single option for
evaluating the impact of advice while improving the likelihood of effectiveness. Feedback combined with
frequent (weekly or monthly) meter readings raises awareness and allows consumers to test the consequences of
following advice and to control their consumption more effectively. It can add to the specificity of advice,
giving the householder and advisor/evaluator information that is unique to the household in question. The
method can yield savings along with comfort and is particularly well suited to low-income households.


Feedback should be more widely adopted in energy advice programmes as a means of awareness-raising
for clients and as an evaluation tool for advisors.


In the absence of measured consumption, there is a need for consistent published figures of average savings
for households which carry out a range of efficiency measures.  These would allow for more accurate
assumptions and predictions of likely savings from the installation of measures.
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EFFECTING DURABLE CHANGE
A Team Approach to Improve Environmental
Behavior in the Household


HENK STAATS teaches environmental psychology and research methods at the De-
partment of Social and Organizational Psychology at Leiden University, the Nether-
lands. He coordinates the activities of the Centre for Energy and Environmental
Research. His research interests include proenvironmental behavior and behavior
change, and environmental preferences.


PAUL HARLAND is research fellow at the Netherlands Institute for the Study of
Crime and Law Enforcement. His research interests include proenvironmental behav-
ior, health, and adolescent delinquency. The study reported here was done as part of
his Ph.D. research while at the Centre for Energy and Environmental Research.


HENK A. M. WILKE is a full professor of social psychology at Leiden University.
His research interests include social dilemmas, negotiating, and decision making.


ABSTRACT: Interventions for voluntary proenvironmental behavior change usually
target a limited number of behaviors and have difficulties in achieving durable
change. The EcoTeam Program (ETP) is an intervention package that aims to over-
come these flaws. Through a combination of information, feedback, and social inter-
action in a group—the EcoTeam—participants focus on the environmental conse-
quences of their household behavior. The 3-year longitudinal study found that ETP
participants (N = 150) changed half of the 38 household behaviors examined, with
corresponding reductions on four physical measures of resource use. These improve-
ments were maintained or enlarged 2 years after completion of the ETP, amounting to
savings from 7% on water consumption to 32% on solid waste deposition. A detailed
analysis of one behavior, means of transportation, suggests that change can be pre-
dicted from the interplay between behavioral intention and habitual performance
before participation, and the degree of social influence experienced in the EcoTeam
during participation.
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Over the past 30 years, concern about the environment has led to an impres-
sive number of actions intended to reduce or reverse environmental degrada-
tion. A host of initiatives are being taken, large scale and small scale, top
down and bottom up, spanning the whole range from international agree-
ments and legislation to gently suggesting that a neighbor recycle paper
instead of throwing it away. This research report is concerned with the latter
category: voluntary individual adoption of proenvironmental behavior in the
household.


After summarizing the major findings concerning the effectiveness of
interventions for voluntary proenvironmental behavior change, the introduc-
tion describes a combination of interventions that according to some theo-
rists should improve on earlier efforts. A recently developed intervention
package, the EcoTeam Program (ETP), seems to meet the criteria proposed
by these theorists. This article evaluates what happened among those who
responded favorably to an invitation to participate in the ETP.


THE EFFECTIVENESS OF INTERVENTIONS TO
PROMOTE PROENVIRONMENTAL BEHAVIOR CHANGE


In the past 25 years, considerable research has been conducted investigat-
ing the effectiveness of intervention techniques to increase proenvironmental
behavior. Three review articles (De Young, 1993; Dwyer, Leeming, Cobern,
Porter, & Jackson, 1993; Schultz, Oskamp, & Mainieri, 1995) give an
account of what has been accomplished in this field. Each article offers simi-
lar conclusions: (1) In the relatively few cases that behavioral maintenance
was investigated, persistence of voluntary proenvironmental behavior change
was rare. For example, Dwyer et al. (1993) concluded that out of 54 studies
they analyzed, only 2 showed an intervention to retain its effectiveness 12
weeks after the treatment phase expired. (2) Intervention studies generally
target only one or a few behaviors, and thus have limited scope.


Earlier studies (see, e.g., Luyben, 1980) reflected the hope that the condi-
tions that affect some proenvironmental behaviors will make other behaviors
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also susceptible to change because of the shared elements of their respective
supporting conditions. Recently, a less optimistic view prevails. Specifically,
the authors of the three review articles (De Young, 1993; Dwyer et al., 1993;
Schultz et al., 1995) stated that it is largely unknown, and probably very ques-
tionable, whether response generalization occurs from the specific behavior
that is targeted by an intervention technique to other behaviors that affect the
environment. In nonintervention studies a lack of commonality across pro-
environmental behaviors was reported by Siegfried, Tedeschi, and Cann
(1982), who found that four different proenvironmental behaviors (lowering
thermostats, using less hot water, purchasing environmentally safe products,
and avoiding the use of unnecessary lights) were explained by different pre-
dictor variables. Similar findings were reported by McKenzie-Mohr,
Nemiroff, Beers, and Desmarais (1995; see also Stern & Oskamp, 1987).
This lack of commonality seems to exist also among behaviors that have the
same goal, such as reducing waste (Ebreo & Vining, 2001), and even among
behaviors that imply similar acts, such as recycling aluminum cans when
paper recycling is the target (Schultz et al., 1995). Ludwig and Geller (1997)
suggest that response generalization may occur as a result of an intervention
that employs a participative goal-setting technique. However, to our knowl-
edge, use of this technique has not yet been documented in studies on
proenvironmental behavior change (see also Vining & Ebreo, 2002, p. 551).


Considering the many behaviors that need to change if we are to achieve a
sustainable society, the issues of durability and the behavioral scope of inter-
ventions are of utmost importance. Intervention techniques that only change
one specific type of behavior, and then only for the duration of the interven-
tion, have limited practical value (cf. Geller, 1987; Stern & Oskamp, 1987).
De Young (1993) urged researchers to focus on developing intervention tech-
niques that create self-sustaining change. Subsequently, De Young (1996)
argued that durable proenvironmental changes can be facilitated by devising
techniques that combine (a) detailed procedural information, (b) feedback
about one’s performance, and (c) a supportive social environment. Similar
conditions to increase intervention effectiveness were proposed by Geller
et al. (1990). Geller (2002, p.534) incorporated these intervention elements
in a scheme, the “flow of behavior change” model, that described how to
move an individual through the stages in which environmentally unfriendly
habits are changed into environmentally friendly behavior and ultimately
into environmentally friendly habits.


It is relevant to consider what we know about information, feedback, and
social support.


Information is one of the most widely used means to promote proenviron-
mental behavior change. Information may serve to give practical advice (e.g.,


Staats et al. / PROENVIRONMENTAL HOUSEHOLD CHANGE 343


 by guest on November 19, 2008 http://eab.sagepub.comDownloaded from 



http://eab.sagepub.com





Austin, Hatfield, Grindle, & Bailey, 1993). Apart from that, information may
also be used to increase problem awareness, which in turn can affect behavior
(e.g., Vining & Ebreo, 1992), or to inform people about others’efforts, which
may increase cooperation (Messick & Brewer, 1983).


Feedback about performance may increase the sense of individual and
collective efficacy (Bandura, 1977). Feedback may also trigger change
through appeals to social and personal norms (Schultz, 1998). In general,
feedback has been helpful in changing behavior (Samuelson, 1990). How-
ever, information and feedback are rarely sufficient to establish maintenance
of change. For example, Van Houwelingen and Van Raay (1989) provided
weekly feedback for a year, but even after this long period, beneficial effects
disappeared quickly. Staats, van Leeuwen, and Wit (2000) provided informa-
tion and weekly feedback on two heating-related behaviors in offices during
two 4-week intervention sessions a year apart. Although interventions were
successful on a group level, even in the follow-up study 1 year later observa-
tions at the individual level showed that relapses had occurred in 50% of the
cases, suggesting that periodic application of these instruments remained
necessary.


The third condition mentioned by De Young (1996) and Geller (2002) to
promote environmental behavior is a supportive social environment. This
condition has rarely been implemented when promoting proenvironmental
behavior (Dwyer et al., 1993). This lack of attention to interventions that
employ social support is particularly striking given that one of the first social
psychological studies to document the effects of an intervention technique
focused on the impact of social interactions in a group setting (Lewin, 1947).


Lewin (1947) described the strong effects of participation in discussion
groups, as compared to the minor effects of lectures, in promoting the prepa-
ration and consumption of types of food considered unattractive. In addition,
the effects for participants in the discussion groups did not decrease with
time, whereas effects disappeared for those in the lecture groups. In both the
discussion and the lecture groups, identical information was given on the
importance of diet change, as well as detailed procedural information regard-
ing the preparation of the food. The difference between conditions was
mainly due to the possibility to discuss freely the advantages and disadvan-
tages of the new food prior to making an explicit decision.


Lewin concluded that being able to experience group standards before the
explicit decision is made was the factor responsible for the success of chang-
ing behavior in a small group setting, as compared to that of lectures. Strong
additional support for this hypothesis was derived from the finding that the
effects of group discussions also compared favorably to the effects of indi-
vidual instruction, ruling out the possibility that it was the amount of atten-
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tion given to each person individually that was responsible for the change in
behavior. This joint effect of group interaction and the explicit decision made
in public by the group members to prepare and consume the new food was
apparently quite successful in changing behavior.


A few studies have used Lewin’s procedures to try to improve proenviron-
mental behavior. Hopper and Nielsen (1991) investigated the impact of social
interaction to change group standards, or social norms, on recyling behavior.
More specifically, they studied a “block leader approach” by identifying a
person living in the neighborhood who personally informed people in the
neighborhood about the program and actively encouraged them to recycle.
The block leader condition was more effective than two other conditions, a
monthly reminder and an information brochure distributed twice during the
7-month program. Thus, recycling appeared to increase partly as a result of
increasing social and personal norms toward recycling.


Weenig and Midden (1991) studied whether decisions to adopt energy-
saving appliances in the home could be stimulated by information spread
through social interaction in neighborhoods. It appeared that adoption deci-
sions were markedly influenced by the informal advice of neighbors who
were friends or kin, that is, persons whose opinion the adopters considered
relevant and reliable. So some evidence points to the positive influence of
face-to-face interaction regarding proenvironmental behavior.


The other factor in Lewin’s experiments, the explicit-decision procedure,
strongly resembles what is currently called a commitment technique, where-
by a pledge or promise is made regarding performance of future behavior.
This technique has been applied as an intervention to promote proenviron-
mental behavior in several ways, for example, commitment expressed in pub-
lic or in private (De Leon & Fuqua, 1995; McCaul & Kopp, 1982; Pallack,
Cook, & Sullivan, 1980), in oral or written form (Cobern, Porter, Leeming, &
Dwyer, 1995; Pardini & Katzev, 1983-1984), and as an individual or as mem-
ber of a group (e.g., Burn & Oskamp, 1986; McCaul & Copp, 1982; Pallack
et al., 1980; Wang & Katzev, 1990).


Compared to other techniques that rely on voluntary cooperation, com-
mitment techniques have produced behavior changes that are relatively long
lasting (De Young, 1993). In addition, two studies have reported favorable
effects of commitment manipulations combined with feedback (De Leon &
Fuqua, 1995; Pallack et al., 1980). The study by Pallack et al. (1980) reported
effects lasting 1 year, a notable exception to the lack of maintenance of
behavior change generally found.


The studies cited above suggest that intervention packages combining
information, feedback, and social support (including social interaction and
commitment) may be particularly successful in accomplishing long-term
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proenvironmental behavior change. We evaluated an initiative of a group of
environmental scientists and organizational consultants involved with the
organization of the second national Earth Day held in 1990 in the United
States (Geller, 1990). This group founded an organization, Global Action
Plan for the Earth, and devised an intervention program for the realization of
an environmental lifestyle whose design combines information, feedback,
and social support.


This program aims to realize substantial and durable proenvironmental
changes in the way a household is run. By targeting many of the behaviors
(approximately 100) that together determine most of the ecological effects of
a household, it expands the narrow behavioral scope of most interventions.
The program is the ETP. Worldwide, 20,000 households have participated in
the ETP.


THE ETP: DESCRIPTION OF THE INTERVENTION PACKAGE


The approach of the ETP is threefold: in a group setting, an EcoTeam dis-
cusses environmental household behavior, based on the information con-
tained in a workbook. Feedback is then given periodically about the savings
accomplished by relevant changes in household behavior.


EcoTeams are groups of 6 to 10 people who usually know each other
already as neighbors, friends, club members, church members, and so forth.
EcoTeams meet once a month. During these meetings, personal experiences,
ideas, and achievements related to environmental household behavior are
shared. Subsequently, the EcoTeams focus on the following six themes, each
for 4 consecutive weeks, as presented in the EcoTeam Workbook: garbage,
gas, electricity, water, transport, and consumer behavior. Usually, garbage is
addressed first. Garbage is weighed for a period of approximately 1 month,
and, by doing so, a database is established to reflect garbage-related out-
comes of current lifestyles. The workbook provides background information
about the environmental problems associated with garbage, makes clear
what consequences specific behavior changes will have, and gives detailed
practical information to help execute these changes.


After a month, participants meet again, report on the weight of garbage
they produce, and exchange and discuss ideas for diminishing their garbage,
aided by the list of actions suggested in the workbook. The participants
explicitly indicate whether they intend to perform the suggested actions.
Subsequently, they try to implement the methods they find acceptable. After
1 month, the EcoTeam meets again to (a) discuss their experiences while try-
ing to reduce the weight of garbage, (b) report how much the weight of gar-
bage had actually decreased, and (c) prepare for the next theme. This proce-
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dure is followed for all six proenvironment themes while the actions related
to previously treated themes, including registration of the output or con-
sumption, continue. The program lasts approximately 8 months.


The results of the EcoTeam, in terms of reductions of garbage and savings
of gas, electricity, and water, are recorded in the EcoTeam logbook. In this
way, the team members gain insight into their own behavior with regard to the
six themes and track their progress individually, as well as at the team level.
In each EcoTeam the group results are sent to a central database at the
national Global Action Plan office. At this office, the results of all active
EcoTeams are compiled and used to give individual teams feedback about the
amount of savings realized. During and after their active period, EcoTeam
members also receive feedback about the accumulated results of all EcoTeams
in the Netherlands and in other countries by means of the EcoTeam newslet-
ter, which is distributed every 3 months.


TRACING THE EFFECTS OF THE ETP TO HABITS AND INTENTIONS


Many household behaviors occur frequently and in the stable context of
the home. According to Ouellette and Wood (1998), high frequency and con-
text stability are major conditions for behavior to become habitual. Habitual
behavior is behavior that occurs automatically upon the presence of a goal, a
direct goal-action link, not preceded by consciously developed intentions
(see Aarts & Dijksterhuis, 2000). It could be argued that many of the behav-
iors targeted in the ETP are habitually performed and that an explanation for
potential effects of the program might be its success in making behavior more
reasoned. Reasoned behavior is more sensitive to new information and more
liable to be changed on the basis of this information (Fishbein & Ajzen,
1975). Overruling a habit requires the intention to act differently and the
attention to support the cognitive demands of executing a novel act (Bargh,
1996). Effects of participation, therefore, should operate on the intentional
component of behavior.


An example of this interplay of habit and intention is found in a study by
Verplanken, Aarts, Van Knippenberg, and Moonen (1998). They report an
experiment on daily travel behavior in which the manipulation in the experi-
mental group was designed to make travel mode choice more deliberate and,
for that reason, more in line with previously expressed intentions. As hypoth-
esized, deliberation increased the capacity of intention to predict travel
mode. In another study (Verplanken, Aarts, & Van Knippenberg, 1997,
Experiment 3), the authors demonstrated that people with a strong general
travel-mode habit collect less travel-relevant information than people with
weak travel-mode habits. This effect could be temporarily suppressed by
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making participants attentive to the importance of a particular aspect (e.g.,
weather conditions) of each imaginary trip.


Together these two experiments suggest that a manipulation demanding
attention to characteristics of the choice situation may decrease the habitual
character of behavioral choices. This shift from automatic to deliberate per-
formance of behavior becomes visible in the increased strength of intentions
to predict subsequent behavior, at the cost of the prediction by habit.


In this study, the question is whether the information, feedback, and social
influence from the ETP increased the strength of intentions to explain behav-
ior change, irrespective of previously existing habits.


RESEARCH OBJECTIVES


This study examined the effects of participation in the ETP on changes in
household behavior and environmental resources (i.e., the weight of garbage
disposed of and the consumption of natural gas, electricity, and water). We
were interested not only in short-term effects, directly after participation, but
also and especially in long-term effects. Second, we investigated the expecta-
tion that the information, feedback, and social influence from the ETP
increased the strength of intentions to explain behavior change, irrespective
of previously existing habits.


METHOD


PARTICIPANTS


EcoTeam members. A group of 445 people who were ready to start the
ETP in January or February 1994 received a request to participate in the
research. Of this group, 289 (65%) cooperated prior to participation in the
ETP by completing the first set of mail questionnaires (T0). In October 1994,
205 participants (71%) completed the post-ETP questionnaires (T1). In
December 1996, this group was approached again with the request to com-
plete a third set of mail questionnaires in order to obtain a similar set of data 2
years after participation (T2).


The sample of respondents who completed both T1 and T2 was reduced to
150. Nonresponse was related neither to sociodemographic characteristics
nor to general environmental concern at T0 and T1. This sample of ETP par-
ticipants had an average age of 52 years, a higher income and higher educa-
tion level than the average Dutch population, and consisted of 85% women.
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The high proportion of female participants was due to the fact that partici-
pants were recruited for the ETP mainly through a number of women’s
organizations.


Comparison group. The volume of information requested from ETP par-
ticipants far exceeded what is considered feasible for mail surveys (Dillman,
2000). No attempt was made to collect the same amount of data from a con-
trol group. Instead, in the questionnaires administered at T0, T1, and T2,
eight specific behaviors were phrased identically to those asked in a longitu-
dinal study on environmental household behavior that is administered each
year among a panel (N = 1,500) representative of the Dutch population
(Couvret, 1996; Couvret & Reuling, 1997; De Kruijk & Couvret, 1995).
Data collection for this annual survey occurred each time within 1 month of
T0, T1, and T2. Comparison of the changes in these eight specific behaviors
was deemed adequate to assess whether behavior changes assessed among
the ETP participants could be attributed to the ETP or to influences external
to the ETP.


A direct comparison indicated that ETP participants at T0 behaved more
proenvironmentally than the general Dutch population. Therefore, a subsam-
ple (n = 332) was selected from this population sample, matched on identical
performance (M and SD) of proenvironmental behavior at T0 on a Proenviron-
mental Behavior Index (PBI) created from the set of eight proenvironmental
behaviors.1 Scores of the ETP participants on the PBI were compared with
the scores of this matched subsample of the Dutch population at T1 and T2.
This subsample of the Dutch population had an average age of 47 years, a
higher income and education level than the general population, and consisted
of 60% women.


BEHAVIORAL MEASURES


The main body of the questionnaires administered to EcoTeam partici-
pants at T0, T1, and T2 was identical. At each phase, the survey contained
questions about the performance of a series of 38 specific environmental
household behaviors, measures of intention, perceived behavioral control,
and habit strength for one of these behaviors, and registration forms for the
weight of solid waste disposed of and the amount of gas, electricity, and
water consumed during a 2-week period. Furthermore, at T1, participants
evaluated the quality of the workbook, the feedback provided by the national
Global Action Plan office, and the social influence experienced from their
EcoTeam. Other measures were included that were not relevant for this study.
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Behavior. Thirty-eight specific behaviors were measured by self-report to
study developments of proenvironmental behavior of the ETP participants at
T0, T1, and T2. These 38 behaviors were a selection of the 93 that were
assessed at T0 and T1. A selection appeared necessary as ETP participants
got tired of the long questionnaires they had completed at T0 and T1, as was
evident from comments added on the questionnaires and communicated by
telephone. The selection of behaviors was based on the following criteria: (a)
an approximately equal number of behaviors that had changed and had not
changed between T0 and T1. Of the original 93 behaviors assessed, 46 were
changed in a proenvironmental direction and 47 remained stable between T0
and T1. (b) Behaviors that could be performed by the majority of participants
were chosen over behaviors that only applied to a small group of participants
(e.g., choice of means of transportation to bring children to school).


Eight of the 38 selected behaviors composed the PBI on which ETP par-
ticipants were compared with the subsample from the Dutch population at
T0, T1, and T2. The PBI consisted of the following 8 behaviors: separation of
organic waste from solid waste, saving dirty laundry until the washing
machine can be fully loaded, leaving the faucet running while doing the
dishes, bringing a shopping bag from home when going shopping, using
unbleached coffee filter bags, using detergents in refill packaging, using
unbleached toilet paper, and refusing plastic bags or wrappings offered by
shopkeepers. Scores on these 8 items, all on 7-point Likert-type scales rang-
ing from 1 (never) to 7 (always) were averaged. (The scores of the 8 behav-
iors composing the PBI are included in Table 1, labeled PBI following the
description of each of these 8 behaviors). All the 38 behaviors are described
in Table 1.


Intention, Perceived Behavioral Control, and Habit


Intention, perceived behavioral control, and habit were measured for one
specific behavior: using forms of transportation other than the car for distances
below 5 kilometers. Given our interest in the degree to which reason-based and
habitual components of behavior are able to explain behavior change, this
behavior, for which habit could be expected to exist to some degree, was
deemed a good choice (see Ouellette & Wood, 1998; Verplanken, Aarts, Van
Knippenberg, & Van Knippenberg, 1994). The items measuring each of
these concepts are given below.


Behavioral intention was phrased as, “During the next six months I intend
to use forms of transportation other than the car for distances below 5 kilome-
ters.” Answers were given on a 7-point scale ranging from 1 (most certainly
not) to 7 (most certainly).
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Perceived behavioral control was measured by the item, “If I want, I can in
most instances use means of transportation other than the car for distances
below 5 kilometers during the next six months.” Answers were given on a
scale ranging from 1 (extremely likely) to 7 (extremely unlikely).


Habit was measured with two items: “To me, using forms of transporta-
tion other than the car for distances below 5 kilometers, is a matter of course”
and “I automatically use forms of transportation other than the car for dis-
tances below 5 kilometers.” Answers were given on a scale ranging from 1
(strongly disagree) to 7 (strongly agree). Pearson correlation between these
two items was .83. The two items were averaged to create the habit measure.


For correspondence among all measures, scores were recoded before
analysis such that a higher score always reflected a more proenvironmental
stance on an item.


USE OF ENVIRONMENTAL RESOURCES


In the household the environmental resources used as a consequence of
the behaviors that are subject to the ETP are the production of solid waste and
the consumption of natural gas, of electricity, and of water. All respondents
were asked to register the weight of solid waste disposed of and the amount of
gas, electricity, and water their household used at T0, T1, and T2 for a period
of 2 weeks at each phase. Respondents’scores were corrected for special cir-
cumstances, such as the stay of guests or, conversely, the absence of house-
hold members for days during these 2-week periods.2


The data on gas consumption were corrected for variation in weather con-
ditions (temperature, sunlight, and wind) and for weather-independent use of
gas (cooking and hot water) during these periods, using the weighted degree-
day method (EnergieNed, 1995; Zwetsloot, 1983; see Note 2). This correc-
tion method is considered quite reliable for natural gas consumption. Data for
analysis were scores per person of kilograms of solid waste per day, cubic
meters (m3) natural gas per degree-day, m3 of water per week, and kilowatt-
hours (kWh) electricity per week.


To ensure the quality of the data, two decisions were made concerning
outliers. The first was that respondents whose scores at T0, T1, or T2 were
outside the interval of the average score plus or minus 2 standard deviations
and whose change score (the scores of two registration periods subtracted)
was outside an interval defined by the average change score plus or minus 2
standard deviations were excluded from the analyses. This accounted for 5
participants.


The second decision rule was that respondents’ scores indicating an
increase of more than 500%, compared with earlier registrations, were con-
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sidered errors and excluded from the analyses. This also accounted for 5 par-
ticipants. Comparable decisions are made by institutions that calculate the
total use of environmental resources in Dutch households (Weegink, 1996a,
1996b).


EVALUATION OF THE ETP COMPONENTS


The workbook was evaluated by means of two items: “I found the work-
book . . . ” with responses from 1 (very informative) to 5 (not informative) and
1 (very pleasant to read) to 5 (very unpleasant to read). The Pearson correla-
tion between the two items was .63 (p < .001). The items were averaged to
form the Workbook Quality Scale.


The feedback was evaluated separately for each environmental domain.
For transportation, the items were, “Keeping informed of the scores of kilo-
meters traveled by car is . . . .” Responses on Likert-type scales ranged from 1
(very useful) to 5 (not useful), 1 (very easy) to 5 (very difficult), and 1 (very
pleasant) to 5 (very unpleasant). Cronbach’s alpha for the 3 items was .73.
The items were averaged to form the Feedback Quality Scale.


The functioning of the EcoTeam was measured with three items, intended
to measure social influence. The items were, “Were you stimulated by your
team members to take proenvironmental action in your household?” “Did
you feel obliged by your team to take proenvironmental action?” and “In
your EcoTeam, did you experience a competitive attitude to achieve better
than other team members?” Answers were given on scales ranging from 1
(not at all) to 5 (very strongly). Cronbach’s alpha for the 3 items was .71. The
items were averaged to form the Social Influence Scale.


RESULTS


BEHAVIOR CHANGES OF ETP PARTICIPANTS COMPARED WITH NONPARTICIPANTS


A comparison was made between ETP participants and the nonparticipat-
ing subsample of the Dutch population who had identical scores on the PBI
(nonparticipants) at T0. Figure 1 displays the scores on the PBI of both groups
at baseline (T0), at the moment of withdrawal of the intervention (T1), and dur-
ing a follow-up 2 years afterwards (T2). Repeated measures analysis of vari-
ance (ANOVA) with participants (ETP participants, nonparticipants) and
phase (T0, T1, T2) as factors showed a significant main effect of participants,
F(1, 428) = 20.03, p < .001, a significant main effect of phase, F(2, 427) =
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59.57, p < .001, and a significant Participants × Phase interaction, F(2, 427) =
26.28, p < .001.


The interaction captures the differences between ETP participants and
nonparticipants emerging after T0. Separate t tests showed that ETP partici-
pants improved their proenvironmental behavior during the course of the
program (M at T0 = 5.5, M at T1 = 5.9, p < .05) and again in the 2 years fol-
lowing participation (M at T2 = 6.2, p < .05). The subsample of the Dutch
population slightly improved between T0 (M = 5.5) and T1 (M = 5.6, p < .05),
but not to the same extent as the ETP participants (p < .05). No change was
found for the subsample of the Dutch population between T1 (M = 5.6) and
T2 (M = 5.7, ns). These findings clearly suggest that ETP participation is
mainly responsible for the changes observed among participants.


CHANGE AND MAINTENANCE OF CHANGE OF 38 PROENVIRONMENTAL
BEHAVIORS FOR ETP PARTICIPANTS


In Table 1, the scores of the ETP participants are displayed for 38 pro-
environmental behaviors as performed before (T0), directly after (T1), and 2
years after participation (T2).3 Differences in performance were initially
tested by repeated measures ANOVA with time (T0, T1, T2) as factor. Signif-
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icance levels for the 38 overall F tests were set to p < .001 (0.05 divided by
38), the conventional Bonferroni correction to protect against Type I error. A
multivariate analysis with the 38 behaviors tested simultaneously was impos-
sible to execute due to the number of missing values on many of the behav-
ioral items. Only for behaviors for which the overall F test was significant at
p < .001, t tests (p < .05) were performed between T0 and T1, T0 and T2, and
T1 and T2.


For 20 of the 38 behaviors, significant changes were observed between T0
and T2. Of these 20 behaviors, 17 were frequently performed behaviors and 3
were one-time behaviors (e.g., installing a low-flow showerhead). Between
T0 and T1, 19 behaviors changed in a proenvironmental direction. No behav-
ior changed in an antienvironmental direction. Between T1 and T2, 11 earlier
proenvironmental changes were maintained, whereas 8 further proenviron-
mental changes were observed for behaviors that already improved between
T0 and T1. One behavior (using unbleached coffee filter bags) that was unal-
tered between T0 and T1 changed in the proenvironmental direction between
T1 and T2.


USE OF ENVIRONMENTAL RESOURCES


The use of four environmental resources that were potentially influenced
by the behaviors targeted in the ETP was assessed by the participants during
three 2-week periods at T0, T1, and T2. The means based on the valid obser-
vations across these periods are given in Table 2. Between T0 and T1, signifi-
cant savings were achieved for the deposition of solid waste and the con-
sumption of natural gas, whereas at T2, as compared to T0, significant
savings were obtained for all four environmental resources. None of the
changes between T1 and T2 was significant.


EXPLAINING BEHAVIOR CHANGE BY INTENTION, HABIT, AND SOCIAL INFLUENCE


Attempting to understand what happened to ETP participants was explored
by a detailed analysis of one behavior—using a means of transportation other
than the car for distances less than 5 kilometers. Behavior of the ETP partici-
pants changed in a proenvironmental direction across the measurements at
T0, T1, and T2, F(2, 95) = 12.49, p < .001, which was only due to the signifi-
cant change from T0 (M = 4.63, SD = 1.45) to T1, (M = 5.13, SD = 1.51)
t(98) = 5.01, p < .001. Therefore, the analysis focused on behavior change
between T0 and T1.4


Based on the relevant literature described in the introduction (e.g., Verplan-
ken et al., 1997, 1998) we expected intentions would become more important
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and habit less important in the prediction of behavior change when the ETP
elements increased active consideration of transportation choices. Opera-
tionally, active consideration of transportation choice was considered more
likely when participants indicated higher appreciation of workbook quality
and feedback quality and reported more social influence by members of their
EcoTeam. Thus, effects of the three program elements were expected to
interact positively with intention, negatively with habit, and/or negatively
with the Intention × Habit interaction as predictors of behavior change.


None of the hypothesized effects on behavior change was found with
regard to workbook quality and feedback quality. Therefore, further analyses
focused on the effects of social influence.5 Table 3 displays the relevant
descriptives and intercorrelations.


Behavior change between T0 and T1 was regressed on habit and intention
at T0 and on social influence. The 3 two-way interactions between habit,
intention, and social influence, and the three-way interaction were also
included in this analysis.6


Table 4 shows the results of the hierarchical regression analysis. Intention,
habit, and social influence did not independently predict behavior change
(Step 1). Adding the two-way interactions to the analysis (Step 2) signifi-
cantly improved the prediction. Finally, adding the three-way interaction
between intention, habit, and social influence (Step 3) further improved the
prediction of reported behavior change.
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TABLE 3
Using Forms of Transportation Other Than the Car: Means,


Standard Deviations, and Correlations Between Behavior Change,
Intention, Habit, Social Influence, and Their Interactions (n = 95)


M SD 2 3 4 5 6 7 8


1. Behavior change 0.46 0.98 .07 –.12 –.08 –.23* .22* –.18 .11
2. Intention 5.24 1.37 .— .58*** .09 –.13 –.03 –.00 –.11
3. Habit 5.21 1.58 .— .02 –.36***.00 .02 .08
4. Social influence 2.49 0.74 .— –.05 –.03 .09 .32**
5. Intention × Habit .— –.17 .08 .06
6. Intention ×


Social Influence .— .36*** .16
7. Habit × Social


Influence .— –.06
8. Intention × Habit ×


Social Influence .—


NOTE: Means and standard deviations of interaction variables are not presented.
*p < .05. **p < .01. *** p < .001 (two-tailed).
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The final model (Step 3) shows that intention had a positive effect on
behavior change, habit a negative effect, and two interaction effects had
unique contributions: the Intention × Habit interaction and the Intention ×
Habit × Social Influence interaction. The two-way interaction suggests, as
described by Verplanken et al. (1997, 1998), that intention was more impor-
tant for behavior change when habits were weak. The three-way interaction
suggests that social influence moderated the impact of the Intention × Habit
interaction on behavior change.


To compare effects of intention and habit on behavior change for different
levels of social influence, a median split was performed on the social influ-
ence ratings, creating a weak social influence group (M = 1.89, SD = .35, n =
48), and a strong social influence group (M = 3.07, SD = .47, n = 47).
Descriptives for each social influence group are presented in Table 5.


For each of these groups, behavior change was regressed on intention,
habit, and the Intention × Habit interaction. Results are displayed in Table 6.
For the group that reported weak social influence (see Table 6, upper panel),
only the Intention × Habit interaction predicted behavior change. To explore
the nature of this Intention × Habit interaction, simple slope analyses were
conducted for the weak social influence group following the procedure
described by Aiken and West (1991). The regression weights of intention
were computed for three levels of habit, that is, 1 standard deviation below
the mean (= weak habit), the mean (= moderate habit), and 1 standard devia-
tion above the mean (= strong habit). These were .79 (p < .05), .20 (ns), and –
.38 (ns), respectively. This suggests that under weak social influence, the
intention was only a significant positive predictor of proenvironmental
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TABLE 4
Using Forms of Transportation Other Than the Car: Regression


of Behavior Change During Participation on Behavioral Intention and
Habit Before Participation, Social Influence, and All Interactions


β in Final
Step Predictor Multiple R F Change Equation


1 Intention .23 1.72 .33***
Habit –.43***
Social influence –.17


2 Intention × Habit .48 6.74*** –.32***
Intention × Social Influence .20
Habit × Social Influence –.18


3 Intention × Habit × Social Influence .51 4.00* .21*


NOTE: R 2 for the full model is 26%, adjusted R 2 for the full model is 21%.
*p < .05. **p < .01. ***p < .001 (two-tailed).
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behavior change when habit was weak. When habit was moderate or strong,
intentions did not significantly predict proenvironmental change.


In the group that reported strong social influence (see Table 6, lower
panel), direct effects of intention and habit were significant, although there
was no effect of the Intention × Habit interaction on behavior change. This
suggests that irrespective of degree of habit, intention predicted behavior
change when social influence was strong.


The combined results of the latter two analyses support the expectations
with respect to social influence: Behavior change is better predicted by inten-
tion before participation if the ETP manages to keep participants actively
considering their behavior choice.
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TABLE 5
Using Forms of Transportation Other Than the Car:


Means, Standard Deviations, and Correlations Between Behavior Change,
Intention, and Habit for Both Levels of Social Influence


Weak Social Influence Strong Social Influence
(n = 48) (n = 47)


M SD 2 3 4 M SD 2 3 4


Behavior change 0.46 0.80 –.09 –.03 –.32* 0.47 1.14 .19 –.18 –.18
Intention 5.12 1.36 .— .57*** .08 5.36 1.37 .— .61*** –.34*
Habit 5.29 1.62 .— –.47*** 5.13 1.55 .— –.24
Intention × Habit .— .—


NOTE: Means and standard deviations of interaction variable are not presented.
*p < .0. **p < .01. ***p < .001 (two-tailed).


TABLE 6
Using Forms of Transportation Other Than the Car: Regression of Behavior


Change During Participation on Behavioral Intention, Habit, and the Intention
Habit Interaction, Separated for Weak and Strong Social Influence Groups


β in Final
Step Predictor Multiple R F Change Equation


(a) Weak social influence (n = 48)
1 Intention .10 0.21 .15


Habit –.35
2 Intention × Habit .40 7.81** –.50**
(b) Strong social influence (n = 47)
1 Intention .43 4.91* .49**


Habit –.48**
2 Intention × Habit .45 0.98 –.14


*p < .05. **p < .01. ***p < .001 (two-tailed).
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DISCUSSION


Research in the past three decades has shown that intervention techniques
that aim to change proenvironmental behavior generally face two problems
that severely limit their effectiveness: a lack of response generalization from
targeted to nontargeted behaviors and a very limited duration of proenviron-
mental change. With these limitations in mind, it was particularly interesting
to study the effectiveness of the ETP, an intervention program whose
approach deviates substantially from other intervention techniques in two
ways.


First, approximately 100 behaviors are targeted in the ETP, together mak-
ing up the way a household is run. This very large number contrasts sharply
with other techniques that target a select group of behaviors, and thus
strongly reduces the generalization problem.


Second, the ETP package includes, apart from information and feedback,
the novelty of a team for organized social support. This combination of char-
acteristics gave rise to expectations of behavior change beyond the interven-
tion period. These were confirmed in this study. Out of the 38 behaviors stud-
ied longitudinally, 19 changed in a proenvironmental direction directly at the
end of the ETP. Moreover, these changes were retained or increased further
during the subsequent 2 years.


These changes and the duration of these changes were assessed in com-
parison with those of a group of nonparticipants who behaved equally
proenvironmentally as ETP participants when they began the program. This
comparison group also improved during the period that ETP participants
were engaged in the program, but only very slightly. Moreover, the compari-
son group did not improve their behavior during the 2-year period after
EcoTeam participation. This suggests it was the ETP, and not a proenviron-
mental change in the Dutch society, that was responsible for the behavior
changes of the ETP participants. The self-reported behavior changes were
validated by reductions in resource use as assessed by physical measures: the
weight of solid waste disposed of and the amount of natural gas, electricity,
and water consumed.


The behavior studied in detail (i.e., the use of alternatives to the car for
short distances) provided information about what appears to have affected
these changes. Apparently, the intentions of participants to try to establish
proenvironmental changes in behavior, the main reason for enlistment in the
ETP, were operating on this specific behavior. Participants changed their
travel mode for short distances from the automobile to a more environmen-
tally friendly mode of transportation. The specific behavioral intention
expressed before participation predicted this change.
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However, two other predictors qualified this result in a way that appears to
shed light on the functioning of the EcoTeam. Similar to results of other stud-
ies (Ouellette & Wood, 1998; Verplanken et al., 1994, 1998), the effect of
intention was qualified by the level of habit for the participants who reported
having experienced weak social influence from their EcoTeam. Within this
weak social influence group, proenvironmental change was predicted by
intentions only for participants who reported having relatively weak habits.
For the other group, who reported strong social influence from their EcoTeam
members, social interaction with EcoTeam members appeared to have
resulted in intentions predictive of proenvironmental behavior change, irre-
spective of the degree to which habits were consolidated. Although the
results suggest that habit impeded behavior change, this occurred for all par-
ticipants who experienced strong social influence, the outcome being that
even those with a strong habit of travel mode managed to change their behav-
ior according to their intentions.7


The self-report measures on the indicators of the ETP’s impact pro-
hibit strong conclusions about the nature of behavior change. Neverthe-
less, the process suggested by the results is plausible, given recent work on
the way intentions interact with habit in the formation of behavior (Aarts,
Verplanken, & Van Knippenberg, 1998) and given the character of the ETP,
especially the importance of social support in proenvironmental behavior
change (Geller, 2002; Hopper & Nielsen, 1991; Weenig & Midden, 1991).


An additional reason for caution is the fact that only one behavior was
studied in detail, and so the results may not be representative of the majority
of the behaviors targeted in the ETP. The category of proenvironmental
behavior is a very heterogeneous set (e.g., McKenzie-Mohr et al., 1995),
which makes generalization of the findings hazardous. On the other hand,
this argument works both ways: Our findings are plausible despite the nar-
rowness of the behavioral example. Other behaviors might have given even
stronger support for our expectations.


In interpreting these findings, one should take into consideration that in fact,
the behavior analyzed represents an aggregation of specific behaviors when
considered from the perspective of goal-action links (Aarts & Dijksterhuis,
2000). Traveling less than 5 kilometers is not a goal in itself but is probably
instrumental in realizing any of a number of goals located in the vicinity of
the participants’ homes. These may entail going to work, buying a newspa-
per, bringing one’s children to school, getting a haircut, and so on.


Shah and Kruglanski (2000) describe how the mental representations of
goal-action links may be attenuated when several goals are served by the
same action. The “multifinality” (p. 89) of transportation choice may have
weakened the relationships that exist among specific goal-action links. Com-
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bining Shah and Kruglanski’s and Aarts and Dijksterhuis’s (2000) concep-
tions of goal-action links implies that goal-action links are similar to habits
(i.e., the automatic activation of actions by goals). However, lacking is the
distinction between less well-established goal-action links, indicated by a
more reasoned character, and a larger number of goals served by the same
action. Both describe weak goal-action links, but it is reasonable to question
whether the two are psychologically equivalent. This seems to be an issue
worthy of further theorizing and research.


A second issue for further research is inspired by Lewin’s (1947) work,
described in the introduction. Lewin’s experiments were followed by the
work of Bennett Pelz (1959), who set out to decompose the intervention
package used by Lewin. Her conclusions were that two factors in the package
were influential: making a decision and degree of group consensus. It seems
that just like Lewin’s package, the ETP deserves further investigation in a
search for the factors that are decisive in its success. Geller (1987) also argues
that complex intervention packages that are effective in real-life settings
should be decomposed in experimental studies to find out what elements
cause the package to be effective.


Apart from scientific reasons, the environment might benefit from such an
endeavor. The ETP is rather demanding, both for participants and for the
organization that disseminates and runs the program. The demands placed on
participants result in recruiting participants who are already ahead of the
population with respect to their proenvironmental behavior. This was dem-
onstrated by the selection process needed to create a comparison group that
behaved equally proenvironmentally as participants before enlistment. Only
20% of a sample of the general population met this criterion. If an instrument
could be developed that is less demanding, this might appeal to broader seg-
ments of the population. Then not only degree of participation might
increase, at lower per capita cost for the organization, but this might also
result in enlisting people who could accomplish larger changes, given their
lower initial level of proenvironmental behavior. Such a leaner instrument
that nevertheless retains its original effectiveness would be a precious
instrument in the struggle for proenvironmental change.


NOTES


1. Selection of a subsample with equivalent M and SD as the EcoTeam Program (ETP) partic-
ipants at Time 0 (T0) was accomplished by first selecting all the respondents of the population
sample with Proenvironmental Behavior Index (PBI) scores greater than 6 and consecutively
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selecting randomly respondents in all other categories, making the percentages correspond to
those of the distribution of the PBI of the ETP participants.


2. On the forms on which ETP participants registered their use of gas, water, electricity, and
the amount of solid waste, they indicated whether in the 2 weeks members of the household were
absent for a certain period or, conversely, guests were present. If, for example, in a household of
four persons one person was absent for one of the 2 weeks, the number of persons per week was
calculated as 4 × 1 plus 3 × 1 = 7. The consumption score per household member in this example
was the total amount divided by 7, giving the average consumption per household member per
week.


Degree-days are calculated using the average temperature per 24 hours (T), based on obser-
vations of the KNMI (Dutch Royal Meteorological Institute) at 12 places in the Netherlands. The
home addresses of the ETP participants were used to employ the observations of the closest
meteorological observation place. The number of degree-days is 18° Celsius minus T; for exam-
ple, a day with a T of 16° Celsius has 2 degree-days. Weighted degree-days are degree-days that
are corrected for (sun)light and wind speed. These two parameters are calculated by the KNMI
per month of the year, thus taking into account seasonal variations that influence gas consump-
tion for heating purposes, over and above average daily temperature.


3. Because participants in the ETP work in groups, differences between groups might lead to
differences in the magnitude of behavioral effects. An impression of the extent to which behav-
ioral effects are attributable to differences between groups was obtained by a calculation of the
intraclass correlation (Kreft & De Leeuw, 1998). It appeared the intraclass correlation was close
to 0 for the PBI at T0 (.09), on T1 (.00), and on T2 (.00). For this reason, we did not execute multi-
level analyses in this study.


4. Behavior change scores were calculated by subtracting participants’score at T0 from their
score at T1.


5. All variables were standardized before cross-products were computed, to reduce a possible
bias due to multicollinearity (cf. Cohen & Cohen, 1983, p. 325).


6. According to the theory of planned behavior (Ajzen, 1991), perceived behavioral control
can influence behavior independent of intention. To investigate this possibility, perceived behav-
ioral control was added as a predictor, including all interactions with other predictor variables.
The analyses demonstrated that perceived behavioral control was not a predictor of behavior
change either directly or in interaction with the other predictors. Consequently, perceived behav-
ioral control was omitted from the analyses reported here.


7. A concern regarding the conclusions about the nature of behavior change might be that the
measure of habit referred to the degree of habitual proenvironmental behavior and that a weak
proenvironmental habit could either be indicative of the absence of a habit for any means of trans-
portation or a strong antienvironmental travel habit, (i.e., a habitual choice of the car for short dis-
tances). Regrettably, habitual car use was not measured. However, the existence of a strong
antienvironmental habit does not seem likely. The mean of the habit measure was 5.2 on a 7-point
scale, with only 7% of the sample indicating they did not (at all) agree (score 1 or 2) with having a
proenvironmental habit for traveling short distances. When these participants were left out of the
analyses, the pattern was identical to that reported in Table 6, upper panel, that is, nonsignificant
main effects of intention and habit, and a significant interaction effect (β of the intention × habit
interaction –.50, p < .01). Therefore, it can be concluded that low proenvironmental habit scores
are indicative of more intentionally performed behavior.
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Executive Summary 


 


A pilot study was undertaken by Hydro One to determine whether provision of a real-


time feedback device is sufficient to empower residential customers with the information 


needed to reduce their electricity consumption.   The pilot was intended to establish 


whether use of such a device can help customers save money and be an aid in promoting 


a “conservation friendly” culture.  The objective of the pilot was to assess whether real-


time feedback is effective and to determine from usage data if change in behaviour of the 


participants could be quantified as energy savings.  In this study, we have determined a 


quantitative level of energy savings at the household level that can be linked to the 


provision of a real-time feedback monitoring device in the home.  


 


In the summer of 2004, participants in Hydro One’s Real Time Monitoring Pilot began 


using real-time monitors.  The monitor provided instantaneous feedback on a household’s 


electricity consumption.  In comparison to previous pilots and demonstration projects 


regarding direct feedback provided by real-time monitors, the sample size of the Hydro 


One pilot is very large. Over four hundred pilot participants and control customers are 


followed over a 2.5 year period and the sample covers a wide variation in geography and 


weather.  Within the sample there is a great variety of heating, cooling, water heating and 


appliance configurations, and a rich diversity of household income and demographic 


characteristics.   


 







 3


The pilot is unique in that only the impact of feedback on consumption information is 


being tested.  Using a panel based econometric methodology, which controls for the 


traditional ongoing weather, appliance stock and demographic factors influencing 


electricity consumption, the kilowatt-hour impact of the real-time monitor is quantified.   


 


The results are statistically significant and indicate a significant positive impact on 


customer usage.  Overall, the aggregate reduction in electricity consumption (kWh) 


across the study sample was 6.5%.  The response was persistent and does not decrease 


over time during the study period.  Within the sample, the non-electric heating 


households showed energy savings of 8.2% with a range in response from 5.1% (for a 


non-electric water heating house) to 16.7% (for an electric water heating house).  We 


observed that electric heating households are not responding in a significant way to real-


time feedback.  Separating out the feedback from the electric heating load and the rest of 


the load would be required to encourage conservation in this sector. 


 


No other price or conservation incentives were given to sample participants. Therefore, 


the conservation results observed in the pilot are interpreted as the minimum to be 


garnered in the absence of other possible conservation incentives. Thus, if the real time 


monitor is used in conjunction with other conservation and/or price measures, an overall 


average reduction of between 7% and 10% is feasible.  
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Introduction: 


The objective of the Hydro One pilot study is to determine whether real-time 


consumption feedback empowers users sufficiently to effectively reduce energy 


consumption.  As part of this, a quantification of this reduction is undertaken.  The Hydro 


One pilot is unique.  It provides a relatively large sample size spread across very diverse 


geographic regions with respect to weather.  It also covers a great variety of heating, 


cooling, water heating and appliance configuration.  There is also a great diversity of 


household income and demographic characteristics.  The pilot evaluation makes use of a 


relatively rich pre-experiment historical data set (approximately eighteen months) and a 


parallel control sample that is completely unaware of the pilot. 


 


The principal focus is to test the impact of real-time feedback.  Consequently, during the 


pilot no intrusions with the customer were initiated.  Thus, there was no provision of 


conservation literature, no conservation goal setting, nor any rate incentives. 


 


Customarily residential electricity consumers see their bill either on a monthly, 


bimonthly, or quarterly basis.  Furthermore, even under regular billing there are lags 


between the billing date and the time of receiving the bill.  By the time the customer 


receives billing information, the connection between the customer’s actions with respect 


to electricity usage and resulting bill is most often lost.  In addition, usually no 


breakdown of consumption by time of day is provided to the customer.  And even though 


a customer has a meter which can be read periodically, it’s probably not very accessible 


and may be perceived as difficult to understand.  In fact, electricity is one of the unusual 
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commodities for which immediate feedback regarding actual consumption does not occur 


when used. 


 


Our goal was to evaluate how consumers’ behavior changes if the flow of consumption 


information were altered and direct feedback monitoring were provided. The purpose of 


this report is to quantify the change in kilowatt-hour consumption due to availability of 


direct feedback information.  More specifically, the report evaluates the results of a pilot 


where customers received direct real-time feedback using the PowerCost Monitor™.  The 


PowerCost Monitor™ involves a display unit that can be placed anywhere in the house.  


It shows exactly how much electricity is being used at that moment and what it costs.  


Among other things, it displays current kW and total monthly kWh of the total 


consumption of the house.   The study tests the hypothesis of whether this display of 


information provides the necessary feedback encouraging conservation. 


 


The feedback tested here falls into the category of “direct feedback” (see King and 


Delurey (2005)).  While this particular pilot, the Hydro One pilot, focuses on an in-home 


type of display, other types of direct feedback could include displaying consumption on 


the internet, smart meters operated by smart cards and two-way communication systems 


showing consumption and cost information, prepayment meters and device monitors 


inserted between the plug and wall socket on appliances. 


 


More indirect methods of providing feedback involve the utility processing the data and 


sending the data to the customer.  Such methods could include more frequent bills, 
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sending actual bills (rather than estimates), or comparing year over year estimates 


normalizing for weather. 


 


In the earlier literature the results of providing feedback information has been somewhat 


mixed.  Many experiments showed success (e.g., McClelland and Cook (1979), Winett, 


Neale and Grier (1979)).  Other studies (e.g., Becker (1978) and Seligman and Darley 


(1977)) showed failure.  


 


Darby (2001) reviews about thirty-eight feedback studies.  Twenty-one of the studies are 


direct feedback studies.  Ten of the twenty-one studies show an impact of less than 10%.   


The highest savings – in the range of 20% - occurred using a table-top interactive cost 


and power display unit, a smartcard meter for prepayment of electricity; and an indicator 


showing cumulative cost of using an electric cooker.  Where a special electronic or PC 


display was not used, direct feedback consisted of frequent readings of a standard 


household meter, sometimes accompanied by keeping a diary or chart following 


household use.   Some of the feedback studies also provided advice or information 


regarding potential savings.  There the resulting impact was as much as 10%. 


 


For the current Ontario pilot no intervention occurred.  Because the objective is to isolate 


the effect of the provision of more frequent feedback, no further advice or consultation 


with the household occurred regarding possible conservation actions. 
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A critical issue in feedback is the time interval between the actual behavior and the 


feedback information regarding the associated energy consumption.  Generally it is felt, 


the shorter the time interval, the more effective the feedback information (Seligman and 


Darley (1977) and Winett and Kagel (1984)).  Ester (1985) discovered that biweekly 


feedback is more effective than monthly feedback. 


 


Real-time monitoring and electronic feedback provides feedback with the shortest of time 


intervals.  This now allows implementation of experiments and programs on a large scale 


without human intervention.  Compare this with providing charts and pamphlets (Winett 


et al. 1978) or Winett and Kagel (1984)).  The usage of real time monitors is more cost 


effective, less disruptive and residents are able to receive feedback at their own discretion 


without being interrupted on some regular basis. 


 


Once we move to daily and continuous feedback, results vary.  McClelland and Cook 


(1979) show that daily feedback has a significant impact on heating and cooling.  


However, they found continuous feedback primarily affects energy uses other than 


heating and cooling.  In fact, the greatest conservation occurred in months of moderate 


weather. 


 


The Technology: 


In the Hydro One Pilot the instantaneous feedback is provided by the PowerCost 


Monitor™ manufactured by Blue Line Innovations Inc.  This monitor has many features 


designed to provide the homeowner with information regarding their electricity 
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consumption.  The monitor that was used in this pilot displayed consumption in dollars 


per hour, total dollars and predicted dollars.  Consumption was also displayed in current 


kWh, total kWh and predicted kWh.  In addition to these features, the user was also able 


to view the current CO² emissions, total CO² emissions and predicted CO² emissions, as 


well as the temperature.  The monitor is completely portable and can be carried from 


room to room. 


 


In addition to the in-home device itself, the monitor, there is also a transmitter.  The 


transmitter is attached to an existing electro-mechanical utility meter with a ring clamp.  


The transmitter tracks the electricity consumed by counting the turns of the meter disk.  


The transmitter continuously sends a wireless signal to the in-home device which 


displays the consumption in real-time.   


 


The Pilot: 


In order to quantify the impact with a desired level of statistical accuracy, a stratified 


random sample was designed to cover the geographic territory of Hydro One and to cover 


a wide variety of consumption patterns.  The stratification was based on Dalenius Hodges 


and Neyman allocation techniques.  Within each region, six kWh strata were chosen.  


The original sample is comprised of 500 customers who were to be given the real time 


monitor and 52 control customers who were not to be given the real-time monitor.  The 


stratification is shown in Table 1.  The sample size is sufficiently large such that even if 


the study is left with 50% usable data (due to attrition, technical difficulties, lack of 
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billing data or lack of customer information) accuracy at the 95% level of significance is 


guaranteed. 


 


With previous annual billing data, a list of possible participants for the pilot, falling into 


each of the six strata, was used for telephone recruitment.  Customers whose meters were 


not 7.2 kHz and also those who lived in apartments, condominiums, town homes and row 


homes were excluded from the pilot.  During the telephone recruitment, additional 


screening was used to eliminate those customers who planned to move within six months, 


those who were seasonal customers, those who lived in a triplex, four-plex or six-plex, 


those who were renters, as well as those whose meters were located inside the house.  


After verifying that the customer was eligible (subject to the above restrictions), the real 


time monitor was offered to the customer.  The original rejection rate was less that 2%.  


Real-time monitors were then given to the pilot participants between July, 2004 and 


September, 2004. 


 


Evaluation:   


In order to assess the impact of the real-time monitor on kWh usage, the kWh usage is 


monitored from the date of initial usage until September, 2005.  To enhance accuracy of 


the kWh monitoring, once the real-time monitor was given to the customer, monthly  


reads of the meter occurred.  Billing data was also collected for up to 18 months for all 


pilot participants prior to initial usage of the real-time monitor.  However, during this pre-


pilot period, generally the billing data was not collected as frequently; most often it was 


collected quarterly. 
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Table 1:  Real-Time Pilot Stratification 


 Eastern Region-Peterborough                   Northern Region-Timmins 
 
 kWh        Real-Time Group       Control        kWh        Real-Time Group       Control       
 
0 - 6000                 23            2             0 - 4500             20      2                                 
6000-10500           16                        1            4500-9000          19                            2 
10500-16500         25                        3            9000-13500        18                            2 
16500-24000         18                        2            13500-22500      30                            3 
24000-40000         26                        3            22500-35000      18                            2 
> 40000                 17                        2            > 35000               20                           2 
 
Total                    125                      13                                      125                           13                                     
Grand Total         138                                                                138 
 


Western Region-Lincoln                                Central Region-Barrie 
  
 kWh        Real-Time Group       Control        kWh        Real-Time Group       Control       
 
0 - 6000                23              2             0 - 6000              12       1                                 
6000-10500          17                        2            6000-12000         14                    2 
10500-16500        26                        3            12000-19500       16                          2 
16500-24000        19                        2            19500-30000       13                          1 
24000-40000        22                        2            30000-50000       11                         1 
> 40000                18                        2            > 50000               14                           1 
 
Total                    125                      13                                        80                            8                                      
Grand Total         138                                                                 
 
 
  Central Region-Hydro One Brampton 
  
 kWh        Real-Time Group       Control       
 
0 - 6000                7               1                                  
6000-12000          8                              1 
12000-19500        9                              1 
19500-30000        7                              1 
30000-50000        6                              0 
> 50000                8                              1 
 
Total                      45                          5                                        
Grand Total           50   
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Because the customer is being followed, including the pre-experiment period, for around 


two and  a half years, it is important that weather is controlled for, and that demographic  


and appliance changes in the residence are accounted for.  With respect to weather, daily 


heating degree day and cooling degree day information, collected from the relevant local 


weather station, is matched with billing cycles of the pilot participants.  As well, three 


questionnaires were administered, one at the beginning of the pilot, one at the midpoint 


and one at the end.  All questionnaires sought information on dwelling characteristics 


(such as square footage, age of dwelling, etc.), appliance holdings, and demographic 


characteristics.  The first questionnaire also looked back to obtain historical information 


covering previous years regarding appliance/demographic characteristics and changes 


during that time.  Because the participants’ billing consumption is continually monitored, 


it is critical that any change in dwelling/appliance/demographic characteristics are 


recorded over the pre-pilot and pilot period. 


 


For the purpose of measuring possible conservation effects due to the use of the real-time 


monitor, it is important to specify a model which controls for other factors influencing 


electricity consumption in order that the real-time feedback effect can be isolated.   There 


are three aspects which contribute to this.  The first aspect is that each participant is being 


monitored on a before- and after- basis.  The second aspect is that there is a parallel 


control sample who did not receive such a monitor.  One reason for this parallel control 


sample, is that it allows control for possible conservation that may have occurred 


anyways during the sample time period.  The third aspect is to construct a well-specified 
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model that controls for the electricity consumption responding to traditional factors such 


as weather, appliance configuration and household demographics. 


 


Following the pilot and control participants through time provides us with panel data.  


The panel data provides the necessary input for analysis by an appropriately specified 


econometric model. 


 


The Model: 


Before describing some of the data considerations and the estimation procedure, a precise 


description of the model follows.  The following description provides a description of a 


model of daily kWh consumption for household i  at time t .  Because the billing cycle 


varies through time for each participant and across participants, all billing data is 


normalized by number of days in the billing period. 


 


Depending on the appliance and heating/cooling configuration of a household, the total 


consumption in the absence of the real time monitor is envisaged to be a function of 


variables influencing electric heating usage, electricity water heating usage, air 


conditioning usage, and other appliance usage.  In addition there may be time trend 


related factors perhaps related to prices and overall conservation attitudes that may 


influence electricity usage.  All of these factors described in the following specification 


are in the functions ).,(),,(),,(),,(),,( 54321 ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ fandffff   Once the real-time 


monitor is used by the customer, further variables may come into play.  They are 


captured in the function ).,( ⋅⋅g  
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More precisely, the logarithm of daily kWh consumption for household i at time t  is 


ityln , where ityln   is decomposed as follows  


ititititit
ititit zgxfxfxfxfxfy µθλδγβα ++++++= ),(),(),(),(),(),(ln
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for those households with some part of their heating load serviced by electricity,  
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1
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1 ),( αα ′= itit xxf , with parameter vector 
~
α , is a linear function of a vector of 


independent variables ( itx1


~
) influencing the electric heating load, in the absence of the 


real time monitor; 


 


for those households with electricity water heating load, 
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2


~~
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2 ),( ββ ′= itit xxf , with parameter vector 
~
β , is a linear function of a vector of 


independent variables ( itx 2


~
) influencing the electric water heating load, in the absence of 


the real time monitor; 


 


for those households with some air conditioning load, 


~


3


~~


3


~


3 ),( γγ ′= itit xxf , with parameter vector 
~
γ , is a linear function of a vector of 


independent variables ( itx3


~
) influencing the electric air conditioning heating load, in the 


absence of the real time monitor; 


 


for all households, 
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~


4


~~


4


~


4 ),( δδ ′= itit xxf , with parameter vector 
~
δ , is a linear function of a vector of 


independent variables ( itx 4


~
) influencing the remaining electricity loads,  in the absence 


of the real time monitor; 


 


for all households, 


~


5
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′


=
itit
xxf , with parameter vector 


~
λ , is a linear function of a vector of trend 


related independent variables ( itx5


~
) influencing the total electricity load, in the absence of 


the real time monitor; 


 


for all households using the real time monitor, 


~~~~
),( θθ ′=


itit
zzg , with parameter vector 


~
θ , is a linear function of a vector of independent 


variables (
it
z
~


) influencing the electricity load, in the presence of  the real time monitor; 


 


itµ  is a stochastic error with possible autocorrelation and heteroskedasticity. 


 
Briefly, the various components reflect the critical factors that influence the 


corresponding usage.   


 
 
Electric heating formulation: 
 
For those houses with some part of the dwelling heated with electricity, we would expect 


the size of the house (measured in square feet), the age of the dwelling, the weather 
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(measured in heating degree days), the number of residents, and income to probably 


matter. 


( ) itititiiiiiiitit
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where 
 
 


itDF  is the proportion of the dwelling heated by electricity at time t , 


itHDD  is the normalized (per day) heating degree days (with reference temperature 18 


degrees Celsius) measured during time t ,  


itSQ  is the square footage of the dwelling, 


itNR  is the number of residents in the household, 


itIN  is household income, 
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

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=
otherwise


andbetweenbuiltdwelling
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
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6 . 


 


Electric water heating formulation: 


For electric water heating, the number of residents, the age composition, income and hot 


water related appliances matter. 
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

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=
otherwise


heatingwateryelectricithasdwellingif
DWit 0


1
, 


itNR  is the number of residents in the household, 


itAPDW  is the wattage of all dishwashers in the dwelling,  


itAPCW  is the wattage of the clothes washing machines in the dwelling, 


itIN  is household income, 


itNAG1  is the number of household members less than or equal to 14  


itNAG2  is the number of household members greater than or equal to 15 and less than or 


equal to 19. 
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Air conditioning formulation: 


For air conditioning participants, the square footage, the weather (measured by cooling 


degree days), the number of residents and income may matter. 


( ) ( )ititititititit CDDSQDAINNRxxf •++=′= 210
~


3


~~


3


~


3 ),( δδγγγ  


where 


itDA  is the proportion of the dwelling air conditioned at time t , 


itCDD  is the normalized (per day) cooling degree days (with reference temperature 22 


degrees Celsius) measured during time t ,  


itSQ  is the square footage of the dwelling, 


itNR  is the number of residents in the household, 


itIN  is household income. 


 


Other electricity load formulation: 


For the other electricity component, the number of residents, the income, and the stock of 


appliances should matter. 


( )  ),( 6543210~
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~~


4


~


4
itititititititit APONMAPPPDPHEAPTINNRxxf δδδδδδδδδ +++•+++=′=


 


where 


itNR  is the number of residents in the household, 


itIN  is household income, 
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itAPT  is the total wattage of the following appliances:  clothes dryer, dishwasher, freezer, 


microwave, mini-bar, personal computer, range, refrigerator, television, washing 


machine; 


itDPHE  is the wattage of an in-ground pool heater owned by household i at time t , 


itAPPP  is the wattage of  the pool pump if owned by household i  at time t , 


itAPONUM  is the total number of saunas, hot tubs and whirlpools 


 


Trend related formulation: 


 


The trend related formulation is very simple.  There is a dummy variable for summer 


months, a dummy variable for winter months, and a time trend index.  If there are 


conservation impacts happening, regardless of the usage of the real time monitor, the 


coefficient corresponding to the time trend index would be expected to be negative and 


statistically significant from zero.  


ititit
itit
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where 


itDSM  is the proportion of billing days for time t  in the months of June, July and 


August, 


itDWN  is the proportion of billing days for time t  in the months of December, January 


and February, 


 itT  is a time index. 
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Real-time monitor impact formulation: 


Variables influencing the feedback include the configuration of space heating, water 


heating and air conditioning, income, education and the age distribution of household 


members.  Furthermore, it is desirable to test whether there is any attenuation of impact 


during the pilot.  In other words, does the feedback response diminish or increase during 


the time of using the real-time monitor?  Because of the extreme variation in cold 


weather across the sample in the winter months, in addition to modeling the feedback as a 


linear term involving heating degree days interacted with proportion of dwelling heating 


by electricity, a nonlinear term involving the square root of heating degree days is also 


added. 


it
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where  


 


itDSM  is the proportion of billing days for time t  in the months of June, July and 


August, 


itDF  is the proportion of the dwelling heated by electricity at time t , 


itHDD  is the normalized (per day) heating degree days (with reference temperature 18 


degrees Celsius) measured during time t ,  


itCDD  is the normalized (per day) cooling degree days (with reference temperature 22 


degrees Celsius) measured during time t ,  







 21




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=
otherwise
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1
, 


itDA  is the proportion of the dwelling air conditioned at time t , 


itIN  is household income, 






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otherwise
reeuniversityaordiplomatradesa
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0
deg,
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itNAG4  is the number of household members 65 and over 


itTD  is the time in days since the real-time-monitor was installed 


 


Data Considerations: 


After assembling the data, a number of issues had to be handled.  During the initial phase 


of the pilot study, there were technical difficulties with the device that needed to be 


corrected.1  For those observations, the affected data were dropped from the analysis.  


The billing period corresponding to installation is dropped because the observation is 


mixed in nature.  The first part of the billing period corresponds to no usage of the real-


time monitor and the second part of the billing period corresponds to usage of the real-


time monitor. 


 


Only actual meter reads were used.  This is particularly relevant to the pre-pilot period 


where estimated bills were sometimes sent to customers. Moreover, there were some 


sample participants who did not respond in filling out any of the three questionnaires.  If 


a participant responded to only the first or first and second questionnaires, they were 
                                                 
1 Technical problems fell into the following categories:  installation problems (15%), battery issues (30%), 
missing transmitter (1%), dropped receivers (3%), potting issues (29%), range issues (10%) and other and 
unknown (12%). 
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followed as long as questionnaire data was available.  If a participant moved during the 


pilot, the participant was followed up until their departure. After the above data 


inspection there were 5015 usable observations.  This consisted of 382 pilot participants 


and 42 control customers.  


 


Because billing cycles are customer- and time-specific, all heating and cooling degree 


day information was matched precisely to the billing cycle. 


 


For many of the already cited reasons, it becomes clear very quickly that the resulting 


data set is comprised of observations separated by multiple time lags.  Even for one 


customer, sometimes (either due to variation in billing cycles, long periods between 


actual reads, dropped observations for reasons described above) the lags between 


midpoints of actual reads vary.  For example, in looking at the distance between 


observations for one participant, there may be one month, two months or even three 


months. 


 


The underlying error is assumed to be AR(1).  That is ittiit euu += −1,ρ .  The selection of 


the model’s parameters is based on maximizing the likelihood function.  Where possible, 


except for starting observations, we formulate the model in differences between 


consecutive observations.  The advantages of this technique with respect to handling 


possible selection bias are outlined in Ham, Mountain and Chan (1997).  To account for 


the variation in lags across the sample, a concentrated likelihood function in the spirit of 


Beach and MacKinnon (1978) is formulated. 







 23


Denote 





 ′′′′′′=′


it
ititititit


it
zxxxxxX
~


5


~


4


~


3


~


2


~


1


~~
,,,,,  and 







 ′′′′′′=′


~~~~~~~
,,,,, θλδγβατ . 


Denote itk  as the distance in months between the observation at time t  and .1−t  


Denote A as the set of observations corresponding to the initial time period for which we 


have data on a household.  Let the number of observations in set A  be A . 


Denote B as the set of observations where the distance (measured in months) since the 


last observation corresponds to the lagged distance. Let the number of observations in set 


B  be B . 


Denote C as the set of observations where the distance (measured in months) since the 


last observation does not correspond to the lagged distance. Let the number of 


observations in set C  be C . 


The sets ,,BA  and C  are mutually exclusive and exhaustive.  Thus the total number of 


observations in these three sets ( CBA ++ ) equals N , the total number of observations. 


 


The concentrated likelihood function to be maximized (in terms of 
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τ  and ρ ) is  
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Results: 


Reasonableness of Model: 


The above concentrated likelihood function is maximized using a grid search involving 


ρ .  Before arriving at the final model, we tested whether the demographic/income and 


attenuation effects pertaining to the real-time monitor are zero.2  That is, 


98760 : θθθθ ===H .  This hypothesis could not be rejected at the 5% level of 


significance ( crit
05.


22 )4(49.992.0)4( χχ =<= ).  This is also consistent with the findings 


of Brandon and Lewis (1999), who also found for households in Bath that income and 


demographic factors had no impact on the responsiveness of the monitor.3  The estimated 


parameters corresponding to the maximum likelihood corresponding to the final model 


are in Table 2.  The optimal ρ  is -0.488.  The autocorrelation is statistically significant at 


the 5% level of significance ( crit
05.


22 )1(84.300.88)1( χχ =>= ).  We also tested for   


heteroskedasticity of the error ( ite ), where the heteroskedasticity was modeled as a 


function of the electric heating/electric water heating/air conditioning configuration.  


Using White’s test, it appears that heteroskedasticity is not present 


( crit
05.


22 )3(81.752.7)3( χχ =<= ). 


 


A quick look at the parameters of the model shows most parameters with relatively low 


standard errors.  The model seems to be well specified.  .9439.02 =R   This is a very 


good fit for such panel data. 
                                                 
2 In some preliminary analysis an attitudes-conservation index interacted  with the usage of the real-time 
monitor ( itD ) was include as an explanatory variable.  However, this variable was not statistically 
significant. 
3 Like the results from this pilot, they found income and demographic factors were useful to predict 
historical energy consumption. 
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Table 2:  Estimated Parameters of Final Model 
 
 


                      Scaling                                    Parameter           Standard Error 
                      Factor 


           Electric Heating Parameters    
 (All variables interacted with )ititit HDDSQDF                                  


 
0α    10-4                              0.5160   0.0454 
NR:1α   10-6      -0.6208              0.2898 
IN:2α   10-10     -0.4592   0.1077 


1:3 Aα  10-5     -0.2638   0.0448 
2:4 Aα  10-5     -0.2415   0.0444 
3:5 Aα   10-4     -0.3290   0.0448 
4:6 Aα  10-4     -0.2889   0.0461 
5:7 Aα  10-4     -0.3254   0.0521 
6:8 Aα  10-5     -0.1220   0.0674 


 
Electric Water Heating Parameters 


(All variables interacted with itDW ) 
 


0β    100      0.4932   0.1191 
NR:1β  10-1      0.2615   0.3047 
APDW:2β  10-2     -0.1163   0.0256 
APCW:3β     10-2                -0.2062   0.1101 
IN:4β  10-5      0.1887   0.0665 


1:5 NAGβ        10-1     -0.7831   0.3572 
2:6 NAGβ  10-1      0.2531   0.3913 


 
            Air Conditioning Parameters 


              (All variables interacted with )ititit CDDSQDF  


0γ    10-3      0.1607   0.0200 
NR:1γ  10-6      0.7212   3.3800 
IN:2γ  10-9     -0.5542   0.0794 
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Table 2 (continued) 
 


                      Scaling                                    Parameter           Standard Error 
                      Factor 


 
               Other Electricity Load Parameters 


 
0δ    100      2.5464   0.0799 
APT:1δ  10-4      0.8942   0.1774 


APTNR ⋅:2δ 10-4      0.1679   0.0303 
APTIN ⋅:3δ  10-9                 0.1980   0.0888 


DPHE:4δ      10-1      0.6936   0.5624 
APPP:5δ       10-3      0.1522   0.0130 
APONM:6δ  100      0.1281   0.0235 


 
 


                 Trend Related Parameters 
 


DSM:1λ  10-1     -0.4691   0.1555 
DWN:2λ  100      0.2041   0.0120 
T:3λ  10-2      0.7852   1.3930 


 
               Real-time Monitor Impact  Parameters 
                  (All variables interacted with )itD   


 
0θ    10-1     -0.5169   0.2770 


)1(:1 DSM−θ 100     -0.1193   0.0712 
HDDDF ⋅:2θ 10-2     -0.7315   0.6196 


HDDDF ⋅


:3θ    100                   0.1049   0.0465 


DW:4θ  100     -0.1307   0.0428 
CDDDA ⋅:5θ 10-4     -0.3141   0.1533 


 
 
R2:  0.9439 
Log of the Likelihood Function:  -15833.42 
Number of Observations: 5015  
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For the electric heating model pertaining to no presence of real time monitor, as expected, 


the higher the number of residents in the household, the lower is the consumption.  This 


is an effect commonly observed in the conditional demand literature.  Not unexpectedly, 


the age of the dwelling seems to matter in explaining electric heating consumption.  


Furthermore, the bigger the house, the more electricity is used (e.g., 0α  and the other α  


parameters are statistically significant from zero).  Interestingly, the income coefficient is 


negative both in the electric heating submodel and in the air conditioning submodel.  


Perhaps, in economic terms, one could characterize the electricity required for heating 


and cooling is such a necessity that it is an inferior good.  However, this may also be 


related to the idea that the higher the level of income, the more investment made by 


households in insulation and weather proofing of the dwelling (and for new home 


purchases, this means a more energy efficient dwelling in terms of heat or cooling loss), 


ultimately leads to less electricity used in heating and cooling.   


For the air-conditioning submodel, the higher the number of residents and the higher the 


square footage, the higher is the air conditioning load.  This is to be expected.  The age 


profile of the dwelling was also examined (not shown) as a possible set of explanatory 


variables for air conditioning load.  However, in our sample we found the age of dwelling 


didn’t seem to matter regarding air conditioning load. 


 


Going back to the electric water heating load, the number of residents and the level of 


income positively affect electricity usage.  But, a negative adjustment must be made for 


the number of children less than or equal to fourteen.  Interestingly, higher dishwasher 


wattage shows a significantly negative impact on electric water heating.  Perhaps 
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dishwashers with higher wattage show more efficiency in conserving electric hot water.  


As well, there may be a high correlation with the dishwasher wattage and demographics 


in the house which we are not capturing explicitly.  


 


For the other electricity load (base load) parameters, all coefficients of explanatory 


variables are positive and all but one is statistically significant from zero.  Generally, the 


greater the number or appliances, the higher is the electricity consumption.  In particular, 


the number of saunas, hot tubs and whirlpools along with the presence of a pool pump 


significantly increase household load.  As well, as income and the number of residents 


increase, base load consumption increases. 


 


With respect to trend related variables, while there is a significant seasonal impact aside 


from weather ( 0,0 21 >< λλ ), there are no quantifiable underlying trend conservation 


effects.    


 


The Impact of the Real Time Monitor 


Does the real-time monitor affect consumption?  This corresponds to testing 


5432100 : θθθθθθ =====H .  This hypothesis is rejected at the 5% level of 


significance ( crit
05.


22 )6(59.1270.42)6( χχ =>= ).  The statistical significance of 


543210 ,,,,, θθθθθθ and  illustrates that the real-time monitor has a significant impact on 


customer behavior.  Furthermore, the critical determinants of the responsiveness are the 


electric heating/electric water heating/air conditioning configuration.  This is shown in 


Table 3.  Table 3 shows percentage kWh savings and percentage impacts due to real-time  
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Table 3:  Percentage Impact of Real-Time Monitor:  By Heating-Water Heating-Air 
Conditioning Configurations 


 
Sample Estimates 


 
                                             
Electric Heating:  100 100 0 0 0 0 0<DF< 100 0 
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes Yes Yes Yes No No     ---               ---         
Heating: 
 
 
Air   100 0 100 0 100 0         0<DA    1000 ≤≤ DA                   
Conditioning:                                                                                         <100       
(Percentage of  
house cooled: DA) 
________________________________________________________________________ 
 
Sample Proportion 0.045 0.068 0.050 0.076 0.262 0.115   0.385  0.579 
 
Square Footage 2876 1619 2191 1908 2404 1758   1912  2100 
 
Number of Residents 2.99 2.79 2.94 3.00 3.23 2.91   2.78  3.04 
 
Income  68822 70042 77706 71174 95165 62981   63889 79792 
 
kWh before 
real-time monitor 34418 24219 16256 13960 12363 9945   17485 12106 
 
Change in kWh 
due to real-time 
monitor  -298.6  -281.6 -2720.6 -2336.2 -624.6 -502.4 -1015.8  -987.6 
 
Percentage  
Response (%)  -0.87 -1.16 -16.74 -16.74 -5.05 -5.05 -5.81  -8.16  
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monitoring.  The impacts are calculated at sample averages. Sample averages for square 


footage, number of residents and income are reported. For example, when DF=1, DW=1 


and DA=1 (an all-electric house) the impact is -0.87%.  Contrast this with DF=0, DW=1 


and DA=1 (electric water heating and air conditioning but no electric heating), where the 


impact is -16.74%.   


 


Looking at the first six columns of Table 3, it is clear that the largest impact occurs for 


customers with electric water heating and without electric heating (-16.74%).  


Admittedly, the coefficients in Table 2 show that the extra conservation effect is 


statistically significant for air conditioning households in comparison to non-air 


conditioning households.  However, numerically the difference is less than the second  


decimal point and consequently, the percentage impacts are not much different.  The 


participants without electric water heating and without electric heating show reductions 


of 5.05%.  Both of these impacts are statistically significant at the 95% level of 


significance.  Notice that because of the log-linearity of the specification, and because the 


air conditioning  response is numerically small, the conservation percentage impact for 


both electric water heating (and no electric heating) households is identical for customers 


with and without air conditioning.   This is also true for non-electric water heating 


households, with and without air conditioning.   


 


What is not significant is the response of electric heating houses.  The seventh column 


shows the impact on participants with some portion (<100%) of their house heated 
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electrically or with air conditioning.  Here the impact is significant and is -5.81%.  For 


those participants with no electric heating (either partial or complete) the reduction is  


8.16%.  Over the entire sample, the average reduction is 6.50%.  Excluding the electric 


heating participants, these percentage responses are in the range of “5% or more” 


observed by Darby (2001) in her survey of direct feedback experiments.4  The Ontario 


pilot’s results are very consistent with the 7% self-monitoring impacts observed in the 


relatively small Maryland feedback sample (Winett, Neale and Grier (1979)).  


 


The Ontario results are below the 10% reduction observed in four programs surveyed by 


Darby (2001) where information about conservation was provided to households.  But 


again, it is to be noted that in the Ontario pilot no such conservation information was 


given to participants, and the Ontario pilot covers a relatively large diverse group of 


participants with respect to heating, cooling and water heating mix.  However, this pilot’s 


estimate for electric heating response does not compare with the 12.9% savings observed 


by Dobson and Griffin (1992). 


 


With respect to electric heating households, it appears that because the electric heating 


load completely overwhelms (maybe as much as 80% of the load in the winter) the rest of 


the dwelling’s electricity load, the participant is probably unable to detect any of their 


non-heating conservation actions.  Consequently, the feedback provides no indication of 


reward for conservation efforts.  The Dobson and Griffin (1992) pilot provided the 


                                                 
4 On the other hand, the Ontario pilot’s response is below the 12.3% reduction fund in the electronic gas 
monitoring experiment in the Netherlands (Van Houwelingen and Van Raaij (1989)) where in addition to 
receiving daily feedback about natural gas use the customer receives comparisons with conservation goals 
set at the beginning of the pilot. 







 32


customer with instant feedback on individual sub-metered loads (e.g., heating, water 


heating, air conditioning, range, etc.)  The results of the current pilot together with the 


Dobson and Griffin (1992) study would probably suggest that while submetering of all 


loads is not necessary, at least separating the feedback from electric heating load from the 


rest of the loads would be worthwhile for the customer. 


 


Table 4 provides another perspective.  Here, there is a comparison of the savings for a 


house of identical size and identical demographics and appliance configuration in each of 


the geographic regions of the pilot.  For example, in Lincoln (the southern most region of 


our sample), while the electric heating household show conservation impacts of 3.37%, 


the non-electric heating impact averages 6.67%.  The reason that these electric heating 


households show more of a conservation impact is that they have relatively less heating  


degree days than the rest of the sample. Again, the electric water-heating participants 


show an impact of 16.74%.  The remaining part of Table 4 examines the impacts in each  


of the other five regions.  With the exception of Brampton, the impacts for non-electric 


heating houses are greater than those of Lincoln.  As we move to colder and colder 


climates (i.e., to Peterborough and Timmins), the impact on electric heating houses 


becomes insignificant (either insignificantly negative or positive).  This is in keeping 


with the findings of McClelland and Cook (1979) in their examination of twenty-five 


North Carolina all-electric homes.  Furthermore, extremes in weather across regions are 


much more in Ontario.  For example, in Lincoln region annual heating degree days is 


3650.5, whereas in Timmins annual heating degree days are about 58% greater, totaling 


5765.9. 
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Table 4:  Percentage Impact of Real-Time Monitor:  By Heating-Water Heating-Air 
Conditioning Configurations 
 


By Region in Ontario 
                                          
                                           
Electric Heating:  100 100 0 0 0 0 0<DF< 100 0 
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes Yes Yes Yes No No     ---               ---         
Heating: 
 
 
Air   100 0 100 0 100 0         0<DA    1000 ≤≤ DA                   
Conditioning:                                                                                         <100       
(Percentage of  
house cooled: DA) 
 
________________________________________________________________________ 


 
Lincoln 


 
Square Footage 2099 2099 2099 2099   2099   2099   2099  2099 
 
Number of Residents 3.08 3.08 3.08 3.08   3.08   3.08   3.08  3.08 
 
Income  74692 74692 74692 74692   74692  74692  74692 74692 
 
Annual Heating 
Degree Days  3650.5 3650.5 3650.5 3650.5   3650.5 3650.5 3650.5           3650.5 
 
Annual Cooling 
Degree Days                 166.6   166.6   166.6   166.6     166.6   166.6  166.6             166.6 
 
kWh before 
real-time monitor 29720 27400 17684 15391   12298  10704  16835 12598 
 
Change in kWh 
due to real-time 
monitor           -1000.1  -689.6 -2959.8  -2575.8 -621.5  -540.7   -946.0  -839.7 
 
Percentage  
Response (%)  -3.37  -2.52 -16.74  -16.74   -5.05   -5.05    -5.62  -6.67  
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Table 4 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating-Air Conditioning Configurations 
 


By Region in Ontario 
 
 
Electric Heating:  100 100 0 0 0 0 0<DF< 100 0 
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes Yes Yes Yes No No     ---               ---         
Heating: 
 
 
Air   100 0 100 0 100 0         0<DA    1000 ≤≤ DA                   
Conditioning:                                                                                         <100       
(Percentage of  
house cooled: DA) 
 
________________________________________________________________________ 
 


Barrie 
 
Square Footage 2292 2292 2292 2292   2292   2292   2292  2292 
 
Number of Residents 2.98 2.98 2.98 2.98   2.98   2.98   2.98  2.98 
 
Income  75225 75225 75225 75225   75225  75225  75225 75225 
 
Annual Heating 
Degree Days  4220.7 4220.7 4220.7 4220.7   4220.7 4220.7 4220.7          4220.7 
 
Annual Cooling 
Degree Days                   75.4    75.4      75.4     75.4       75.4     75.4     75.4               75.4   
 
kWh before 
real-time monitor 30294 29342 15642 14726   10825  10190  16416 11757 
 
Change in kWh 
due to real-time 
monitor            -332.9  -224.7 -2617.9  -2464.4 -546.9  -514.8  -1210.8        -1025.7 
 
Percentage  
Response (%)  -1.10  -0.77 -16.74  -16.74   -5.05   -5.05    -7.38  -8.72  
 







 35


Table 4 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating-Air Conditioning Configurations 
 


By Region in Ontario 
 
 
Electric Heating:  100 100 0 0 0 0 0<DF< 100 0 
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes Yes Yes Yes No No     ---               ---         
Heating: 
 
 
Air   100 0 100 0 100 0         0<DA    1000 ≤≤ DA                   
Conditioning:                                                                                         <100       
(Percentage of  
house cooled: DA) 
 
________________________________________________________________________ 
 


Brampton 
 
Square Footage 2714 2714 2714 2714   2714   2714   2714  2714 
 
Number of Residents 3.38 3.38 3.38 3.38   3.38   3.38   3.38  3.38 
 
Income         107640 107640 107640 107640 107640 107640 107640       107640  
 
Annual Heating 
Degree Days          3851.8 3851.8  3851.8   3851.8  3851.8   3851.8 3851.8         3851.8 
 
Annual Cooling 
Degree Days                87.7    87.7       87.7       87.7      87.7       87.7     87.7             87.7    
 
kWh before  
real-time monitor    36125   34673    20009   18600   13230    12298  19160           13464 
 
Change in kWh 
due to real-time 
monitor        -828.5  -653.3 -3348.7  -3112.7 -668.4  -621.3  -621.2              -774.4 
 
Percentage  
Response (%)         -2.29   -1.88    -16.74    -16.74   -5.05   -5.05    -3.24   -5.75  
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Table 4 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating-Air Conditioning Configurations 
 


By Region in Ontario 
 
 
Electric Heating:  100 100 0 0 0 0 0<DF< 100 0 
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes Yes Yes Yes No No     ---               ---         
Heating: 
 
 
Air   100 0 100 0 100 0         0<DA    1000 ≤≤ DA                   
Conditioning:                                                                                         <100       
(Percentage of  
house cooled: DA) 
 
________________________________________________________________________ 
 


Peterborough 
 
Square Footage 1998 1998 1998 1998   1998   1998   1998   1998 
 
Number of Residents 2.64 2.64 2.64 2.64   2.64   2.64   2.64  2.64 
 
Income  63096 63096 63096 63096   63096  63096  63096 63096 
 
Annual Heating 
Degree Days  4400.5 4400.5 4400.5 4400.5   4400.5 4400.5 4400.5          4400.5 
 
Annual Cooling 
Degree Days                   93.6    93.6     93.6      93.6      93.6      93.6     93.6              93.6    
 
kWh before 
real-time monitor 29724 28666 15257 14240   10606  9899  18336  12386 
 
Change in kWh 
due to real-time 
monitor           -220.5  -112.3 -2553.4  -2383.1 -535.8  -500.0  -1541.7      -1423.8 
 
Percentage  
Response (%)  -0.74  -0.39 -16.74 -16.74   -5.05   -5.05    -8.41  -11.50  
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Table 4 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating-Air Conditioning Configurations 
 


By Region in Ontario 
 
 
Electric Heating:  100 100 0 0 0 0 0<DF< 100 0 
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes Yes Yes Yes No No     ---               ---         
Heating: 
 
 
Air   100 0 100 0 100 0         0<DA    1000 ≤≤ DA                   
Conditioning:                                                                                         <100       
(Percentage of  
house cooled: DA) 
 
________________________________________________________________________ 
 


Timmins 
 
 


Square Footage 1675 1675 1675 1675   1675   1675   1675   1675 
 
Number of Residents 2.97 2.97 2.97 2.97   2.97   2.97   2.97  2.97 
 
Income  73368 73368 73368 73368  73368  73368  73368             73368 
 
Annual Heating 
Degree Days  5765.9 5765.9 5765.9 5765.9 5765.9 5765.9 5765.9           5765.9 
 
Annual Cooling 
Degree Days                  45.3     45.3     45.3    45.3       45.3     45.3     45.3              45.3    
 
kWh before 
real-time monitor 30389 29990 15304 14926  10506  10246  15146            10001 
 
Change in kWh 
due to real-time 
monitor            547.8 -575.1 -2561.2  -2497.8 -530.8  -517.6   -668.5           -771.7 
 
Percentage  
Response (%)             1.80     1.92 -16.74 -16.74   -5.05   -5.05    -4.41              -7.02  
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Customers’ Attitudes and Perceptions Regarding the Real Time Monitor: 


Having quantified the conservation impact of the real-time monitor, it is now worthwhile 


to compare this with the participants’ attitudes toward the real-time monitor and their 


perceptions of their behavior. 


 


Tables 5 to 7 indicate a very high level of satisfaction with the real-time monitor.  


According to questionnaire statistics, 60.5% of the participants felt the monitor made a 


difference in their homes.  The majority of the participants, 65.1%, reported that they 


planned to continue using the monitor after the pilot was complete.  When asked how 


useful they found the monitor in helping them conserve energy, 63% of the participants 


ranked the monitor 3 or greater on a scale of 0 to 5.  If we decompose the sample into 


houses heated entirely by electricity versus all other houses, participants in electrically 


heated houses see the monitor as a little less useful (59.9% with a rank of 3 or greater) 


than those in non-electricity heated houses (64.5% with a rank of 3 or greater).  This 


lends support to the distinctly lower responsiveness for electric heated houses. 


 


Table 8 provides an indication of how often participants consulted their real-time 


monitor.  Our findings indicated that 38.9% of the participants consulted the monitor 


either daily or multiple times per day.  Nevertheless, this does mean that over 60% of the 


participants consulted the real-time monitor less than on a daily basis.  Thus, while the 


potential of feedback is always available, it does not mean that everyone is making use of 


this information.  
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Table 5: Overall Evaluation 


Did The Monitor Make A Difference In Your Home


Yes 
60.5%


No
39.5%


 


Table 6:  Permanence of Usage 


Do You Plan To Continue Using The Monitor Once Pilot Complete


Yes
65.1%


No
34.9%
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Table 7:    Usefulness of Monitor (0 -  Not Useful; 5 - Very Useful) 


Percentage (%) 


 


 Heated Entirely by 


Usefulness                    Electricity               Other Houses   Total Sample 


      0         3.5                     5.6                                          4.9 


      1       16.5        12.2         13.6 


      2                                 20.0        17.8         18.5 


      3                                 23.5        25.0          24.5 


      4                                 18.8        22.8                                          21.5 


      5                                 17.6                              16.7                                          17.0 


 


 


 


Table 8:  Consultation of Monitor 


How Often Do You Consult Your Monitor


3-5 Times Weekly
15.4%


1-2 Times Weekly
21.5%


Rarely
24.3%


Daily
23.5%


Multiple Times per 
Day


15.4%
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The questionnaires also analyzed participants’ perception of their savings.  Interestingly, 


when the questionnaire statistics were compared with the actual measured savings there is 


a mild understatement of participants’ expected savings as illustrated in Table 9.  While 


the empirical results suggested an overall reduction of 6.5%, 52.1% of the sample saw 


their potential savings to be between 0% and 5%.  Only 17.5% of the sample saw their 


savings greater than or equal to 10%.  Overall, it would seem that in aggregate 


participants’ perceptions of their savings are not that far from their actual savings.  It 


appears as though the perceptions of the participants are very accurate. 


 


Again, lending further support to reduced conservation in electric heating households, 


Table 9 shows that 57.1% of electrically heated houses saw their savings in the range of 


0% to 5%; whereas, for non-electricity heated houses, 49.7% saw their savings in the 0% 


to 5% range. 


 


 


 


 


 


 


 


 


 


 







 42


Table 9:  Households’ Perceived Expected Savings 


Percentage of Households (%) 


 


Percentage Heated Entirely by 


Saved                    Electricity               Other Houses   Total Sample 


      0-5  57.1   49.7    52.1 


      5-10       28.6   31.2    30.3 


     10-15   7.8   12.7    11.1 


     15-20        6.5    4.5     5.1 


       > 20   0.0    1.9      1.3 
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Conclusions: 


 


1. A primary finding of the pilot study is that real-time feedback of energy consumption 


is effective in promoting conservation.  The results are statistically significant and 


support the hypothesis that real-time monitors encourage conservation.  


-  This is based on a very comprehensive study conducted over a long time period. 


In comparison to previous pilots and demonstration projects regarding direct 


feedback, the sample size for this pilot study is very large comprising 5015 billing 


observations that were used in the analysis.  Pilot participants and control 


customers were followed over a 2.5 year period.   


- The experimental design consisted of a stratified random sample, spread across a 


wide geography, diversity of weather regions, a wide variation in the heating, 


cooling, water heating and appliance configurations, and a large variety of 


household income and demographic characteristics. 


2. Overall, the average reduction in energy consumption across the whole sample was 


6.5%.  


- Within this sample, non-electric heating households are showing a significant 


conservation impact or reduction in energy consumption of 8.2%.  Within the 


non-electric heating group, the range in reduction is from 5.05% (for a non-


electric water heating house) to 16.74% (for an electric water heating house).  


- We also observed that electric heating households are not responding in a 


significant way to real-time feedback.  Separating out the feedback from the 
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electric heating load and the rest of the load would be required to encourage 


conservation in this sector. 


 


3. The results indicate a persistent response over the study time period and this finding is 


important for larger deployment of such a device.  No reduction in conservation response 


was detected through the duration of the pilot.  Furthermore, the qualitative feedback 


from participants was positive:  they were generally very pleased with the performance 


and usefulness of the real-time monitor in helping them reduce energy consumption and 


manage their costs.   


 


4. An overall average reduction of between 7% and 10% is feasible if the real time 


monitor is used in conjunction with other conservation and/or price measures.  


- The overall reduction of 6.5% observed in the study corresponds only to the 


impacts of real-time feedback.  In this pilot no other price and/or conservation 


incentives accompanied the real-time monitor.  Thus, these results are interpreted 


as the bare minimum impacts.   


- If the real-time monitoring is used in conjunction with other price and/or 


conservation measures, the conservation impact will be larger.   
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Executive Summary 


 


A pilot study was undertaken in British Columbia and Newfoundland and Labrador to 


determine whether provision of a real-time feedback device is sufficient to provide 


residential customers with the information needed to reduce their electricity consumption.   


The pilot was intended to establish whether use of such a device can help customers save 


money and be an aid in promoting a “conservation friendly” culture.  In this report, we 


have determined a quantitative level of energy savings at the household level that can be 


linked to the provision of a real-time feedback monitoring device in the home.  


 


In the spring and summer of 2005, participants in the pilot began using real-time 


monitors.  The monitor provided instantaneous feedback on a household’s electricity 


consumption.  In comparison to previous pilots and demonstration projects regarding 


direct feedback provided by real-time monitors, the sample was followed for a relatively 


long period of time. Pilot participants and control customers are followed over a 3.5 year 


period.  The experimental design consisted of a stratified random sample, spread across a 


wide geography, diversity of weather regions, a wide variation in heating, cooling, water 


heating and appliance configurations, and a large variety of household income and 


demographic characteristics.   


 


In this pilot only the impact of feedback on consumption information is being tested.   No 


price or conservation incentives are being tested.  A panel based econometric 


methodology, which controls for such factors as weather, appliance and housing stock 
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and demographic determinants influencing electricity consumption, has been used to 


quantify the impacts of the real-time monitor in reducing energy (kWh) use.  In addition, 


the methodology provides some important insights about socio-economic factors that 


influence conservation responsiveness to the use of the real time feedback device.   


 


The results of these pilots are statistically significant and indicate a significant positive 


impact on customer usage.  The results confirm earlier findings (such as those 


corresponding to the Hydro One pilot (Mountain, 2006)) that real time feedback of 


energy consumption is effective in promoting conservation.  Overall, the aggregate 


reduction in electricity consumption (kWh) across the study sample was 18.1% in 


Newfoundland and 2.7% in British Columbia.  The response was persistent and does not 


decrease over time during the study period.  For the British Columbia sample we observe 


that reductions in the winter months were much higher than the rest of the year --- as high 


as 9.3%.   


 


The pilot does identify socio-economic factors affecting the conservation responsiveness 


to the real-time monitor.  This is an important feature of the methodology that may assist 


decision-makers in developing targeted energy efficiency programs.  For example, within 


the Newfoundland sample, the electric water heating households showed a higher savings 


than non-electric water hating households.  In the British Columbia sample, the level of 


education was a significant variable affecting responsiveness and seasonality played a 


key role.  Reductions in the winter months in British Columbia were much higher than 


the rest of the year.   
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While positive attitudes toward conservation in general significantly increase the 


reduction in electricity when using the real-time monitor, seniors in their employment of 


the real-time monitor do not conserve as much.   


 


The qualitative feedback from pilot participants was positive.  Generally, the participants 


were very pleased with the performance and usefulness of the real time monitor in 


helping them reduce energy consumption and manage their costs. 


  


No price or conservation incentives were given to sample participants. Therefore, the 


conservation results observed in the pilot are interpreted as the minimum to be garnered 


in the absence of other possible conservation incentives. Thus, if the real time monitor is 


used in conjunction with other conservation and/or price measures, higher overall average 


reductions are possible.  
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Introduction: 


The objective of this pilot study is to determine whether real-time consumption feedback 


empowers users sufficiently to effectively reduce energy consumption.  As part of this, a 


quantification of this reduction is undertaken.  The pilot is unique in that it provides us 


with samples from very diverse areas of Canada, Newfoundland and British Columbia.  It 


provides a sample size spread across very diverse geographic regions with respect to 


weather.  It also covers a great variety of heating, cooling, water heating and appliance 


configuration.  There is also a great diversity of household income and demographic 


characteristics.  The pilot evaluation makes use of a relatively rich pre-experiment 


historical data set (approximately thirty months) and a parallel control sample that is 


completely unaware of the pilot. 


 


The principal focus is to test the impact of real-time feedback.  During the pilot no 


intrusions with the customer were initiated.  Thus, there was no provision of conservation 


literature, no conservation goal setting, nor any rate incentives. 


 


Usually residential electricity consumers see their bill either on a monthly, bimonthly, or 


quarterly basis.  Furthermore, even under regular billing there are lags between the billing 


date and the time of receiving the bill.  By the time the customer receives billing 


information, the connection between the customer’s actions with respect to electricity 


usage and resulting bill is most often lost.  In addition, usually no breakdown of 


consumption by time of day is provided to the customer.  And even though a customer 


has a meter which can be read periodically, it’s probably not very accessible and may be 
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perceived as difficult to understand.  In fact, electricity is one of the unusual commodities 


for which immediate feedback regarding actual consumption does not occur when used. 


 


The goal is to evaluate how consumers’ behavior changes if the flow of consumption 


information were altered and direct feedback monitoring were provided. The purpose of 


this report is to quantify the change in kilowatt-hour consumption due to availability of 


direct feedback information.  More specifically, the report evaluates the results of a pilot 


where customers received direct real-time feedback using the PowerCost Monitor™.  The 


PowerCost Monitor™ involves a display unit that can be placed anywhere in the house.  


It shows exactly how much electricity is being used at that moment and what it costs.  


Among other things, it displays current kW and total monthly kWh of the total 


consumption of the house.   The study tests the hypothesis of whether this display of 


information provides the necessary feedback encouraging conservation. 


 


The feedback tested here falls into the category of “direct feedback” (see King and 


Delurey (2005)).  While this particular pilot, the British Columbia and Newfoundland and 


Labrador study, focuses on an in-home type of display, other types of direct feedback 


could include displaying consumption on the internet, smart meters operated by smart 


cards and two-way communication systems showing consumption and cost information, 


prepayment meters and device monitors inserted between the plug and wall socket on 


appliances. 
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More indirect methods of providing feedback involve the utility processing the data and 


sending the data to the customer.  Such methods could include more frequent bills, 


sending actual bills (rather than estimates), or comparing year over year estimates 


normalizing for weather. 


 


In the earlier literature the results of providing feedback information has been somewhat 


mixed.  Many experiments showed success (e.g., McClelland and Cook (1979), Winett, 


Neale and Grier (1979)).  Other studies (e.g., Becker (1978) and Seligman and Darley 


(1977)) showed failure.  


 


Darby (2001) reviews about thirty-eight feedback studies.  Twenty-one of the studies are 


direct feedback studies.  Ten of the twenty-one studies show an impact of less than 10%.   


The highest savings – in the range of 20% - occurred using a table-top interactive cost 


and power display unit, a smartcard meter for prepayment of electricity; and an indicator 


showing cumulative cost of using an electric cooker.  Where a special electronic or PC 


display was not used, direct feedback consisted of frequent readings of a standard 


household meter, sometimes accompanied by keeping a diary or chart following 


household use.   Some of the feedback studies also provided advice or information 


regarding potential savings.  There the resulting impact was as much as 10%. 


 


Recently, Hydro One (see Mountain (2006)) undertook a similar pilot to the one 


described in this report.  There, the overall average reduction was observed to be 6.5%, 
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with higher response for those with electric water heating and lower response for those 


with electric heating. 


 


For the current pilot, no intervention occurred.  Because the objective is to isolate the 


effect of the provision of more frequent feedback, no further advice or consultation with 


the household occurred regarding possible conservation actions. 


 


The Technology: 


In the Newfoundland and British Columbia Pilots the instantaneous feedback is provided 


by the PowerCost Monitor™ manufactured by Blue Line Innovations Inc.  This monitor 


has many features designed to provide the homeowner with information regarding their 


electricity consumption.  The monitor that was used in this pilot displayed consumption 


in dollars per hour, total dollars and predicted dollars.  Consumption was also displayed 


in current kWh, total kWh and predicted kWh.  In addition to these features, the user was 


also able to view the current CO² emissions, total CO² emissions and predicted CO² 


emissions, as well as the temperature.  The monitor is completely portable and can be 


carried from room to room. 


 


In addition to the in-home device itself, the monitor, there is also a transmitter.  The 


transmitter is attached to an existing electro-mechanical utility meter with a ring clamp.  


The transmitter tracks the electricity consumed by counting the turns of the meter disk.  


The transmitter continuously sends a wireless signal to the in-home device which 


displays the consumption in real-time.   
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The Pilot: 


In order to quantify the impact with a desired level of statistical accuracy, a stratified 


random sample was designed to cover three geographic regions of Newfoundland Power 


and two regions of British Columbia Hydro.   The stratification was based on Dalenius 


Hodges and Neyman allocation techniques.  Within each region, six kWh strata were 


chosen.  The original samples are comprised of 100 customers in each of Newfoundland 


and British Columbia who were to be given the real time monitor and another 28 control 


customers who were not to be given the real-time monitor.  The stratification is shown in 


Table 1 and Table 2.  The sample size is sufficiently large such that even if the study is  
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Table 1:  Real-Time Pilot Stratification: Newfoundland 


  
 
Urban Central     Rural Central 
 
kWh range number control  kWh range number  control 
  of meters meters    of meters meters 
0 – 6000       2     0  0 – 6000     3     1 
6000 – 10500      2     1  6000 – 9000     1                     0 
10500 – 16500     3     0  9000 – 13500     3                     1 
16500 – 24000     3      0  13500 – 21000    4                     1 
24000 – 35000     3     1  21000 – 30000    3                     0 
>35000      4     1  >30000     3                     0             
 
 Total    17     3   Total               17                     3 
 
 
Urban East     Rural East 
 
kWh range number control  kWh range number  control 
                        of meters         meters    of meters meters 
0 – 6000     2     1  0 – 6000     2      0 
6000 – 12000     3     1  6000 – 12000     3        0 
12000 – 18000    3     0  12000 – 18000    3        1 
18000 – 24000    2      0  18000 – 24000    2      1 
24000 – 35000    4     0  24000 – 35000    4                      1 
>35000     3     1  >35000     3                      0 
 
 Total   17     3  Total                17      3 
 
 
Urban West     Rural West 
 
kWh range number control  kWh range number  control 
  of meters meters    of meters meters 
0 – 6000  2    0    0 – 6000     2                      1  
6000 – 10500  3    1  6000 – 10500     2      0 
10500 – 16500 3    1  10500 – 15000    3      0 
16500 – 24000 3     0  15000 – 22500    4      1 
24000 – 30000 1    0   22500 – 30000    2                      1 
>30000  4    1  >30000     3                      0 
 
 Total            16    3  Total               16      3 
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Table 2:  Real-Time Pilot Stratification: British Columbia 
 
Lower Mainland    Vancouver Island 
 
kWh range number control  kWh range number  control 
  of meters meters    of meters meters 
0 – 4500        7     1  0 – 6000      7      1 
4500 – 7500       6     0  6000 – 10500      7                     1 
7500 – 12000      10     1  10500 – 16500    10                    1 
12000 – 19500    11      1  16500 – 24000    10                    1 
19500 – 40000    10     1  24000 – 35000      7                    0 
>40000       6     1  >35000       9                    1             
 
 Total    50     5   Total                  50                   5 
 


 


left with 40% usable data (due to attrition, technical difficulties, lack of billing data or 


lack of customer information) accuracy at the 95% level of significance is guaranteed. 


 


With previous annual billing data, a list of possible participants for the pilot, falling into 


each of the six strata, was used for telephone recruitment.  During the telephone 


recruitment, additional screening was used to eliminate those customers who planned to 


move within six months, those who were seasonal customers, those who lived in a 


triplex, four-plex or six-plex, those who were renters, as well as those whose meters were 


located inside the house.  After verifying that the customer was eligible (subject to the 


above restrictions), the real time monitor was offered to the customer.  Real-time 


monitors were then given to the pilot participants between April, 2005 and August, 2005 


in Newfoundland and between March, 2005 and August, 2005 in British Columbia. 
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Evaluation:   


In order to assess the impact of the real-time monitor on kWh usage, the kWh usage is 


monitored from the date of initial usage until December, 2006.  To enhance accuracy of 


the kWh monitoring, once the real-time monitor was given to the customer, monthly 


reads of the meter occurred.  Billing data was also collected for up to 24 months for all 


pilot participants prior to initial usage of the real-time monitor.  However, during this pre-


pilot period, sometimes the billing data was not collected as frequently; sometimes 


bimonthly. 


 
The participants are being followed, including the pre-experiment period, for around 


three and a half years.  Therefore, it is important that weather is controlled for, and that 


demographic and appliance changes in the residence are accounted for.  With respect to 


weather, daily heating degree day and cooling degree day information, collected from the 


relevant local weather station, is matched with billing cycles of the pilot participants.  


Three questionnaires were administered, one at the beginning of the pilot, one at the 


midpoint and one at the end.  All questionnaires sought information on dwelling 


characteristics (such as square footage, age of dwelling, etc.), appliance holdings, and 


demographic characteristics.  The first questionnaire also looked back to obtain historical 


information covering previous years regarding appliance/demographic characteristics and 


changes during that time.  Because the participants’ billing consumption is continually 


monitored, it is critical that any change in dwelling/appliance/demographic characteristics 


are recorded over the pre-pilot and pilot period. 
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An econometric model is used to measure possible conservation effects due to the use of 


the real-time monitor.  This model is specified such that it controls for other factors 


influencing electricity consumption in order that the real-time feedback effect can be 


isolated.   There are three aspects which contribute to this control.  The first aspect is that 


each participant is being monitored on a before- and after- basis.  The second aspect is 


that there is a parallel control sample who did not receive such a monitor.  One reason for 


this parallel control sample, is that it allows control for possible conservation that may 


have occurred anyways during the sample time period.  The third aspect is that the 


specification of the model that controls for the electricity consumption responding to 


traditional factors such as weather, appliance configuration and household demographics. 


 


Following the pilot and control participants through time provides us with panel data.  


The panel data provides the necessary input for analysis by an appropriately specified 


econometric model. 


 


The Model: 


Before describing some of the data considerations and the estimation procedure, a precise 


description of the model follows.  The following description provides a description of a 


model of daily kWh consumption for household i  at time t .  Because the billing cycle 


varies through time for each participant and across participants, all billing data is 


normalized by number of days in the billing period. 
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Depending on the appliance and heating/cooling configuration of a household, the total 


consumption in the absence of the real time monitor is deemed to be a function of 


variables influencing electric heating usage, electricity water heating usage, air 


conditioning usage, and other appliance usage.  In addition there may be time trend 


related factors perhaps related to prices and overall conservation attitudes that may 


influence electricity usage.  All of these factors described in the following specification 


are in the functions ).,(),,(),,(),,(),,( 54321 ⋅⋅⋅⋅⋅⋅⋅⋅⋅⋅ fandffff   Once the real-time 


monitor is used by the customer, further variables may come into play.  They are 


captured in the function ).,( ⋅⋅g  


More precisely, the logarithm of daily kWh consumption for household i at time t  is 


ityln , where ityln   is decomposed as follows  


ititititit
ititit zgxfxfxfxfxfy µθλδγβα ++++++= ),(),(),(),(),(),(ln


~~~


5


~


5


~


4


~


4


~


3


~


3


~


2


~


2


~


1


~


1  


 


for those households with some part of their heating load serviced by electricity,  


~


1


~~


1


~


1 ),( αα ′= itit xxf , with parameter vector 
~
α , is a linear function of a vector of 


independent variables ( itx1


~
) influencing the electric heating load, in the absence of the 


real time monitor; 


 


for those households with electricity water heating load, 
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~
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~~
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~


2 ),( ββ ′= itit xxf , with parameter vector 
~
β , is a linear function of a vector of 


independent variables ( itx 2


~
) influencing the electric water heating load, in the absence of 


the real time monitor; 


 


for those households with some air conditioning load, 


~


3


~~


3


~


3 ),( γγ ′= itit xxf , with parameter vector 
~
γ , is a linear function of a vector of 


independent variables ( itx3


~
) influencing the electric air conditioning heating load, in the 


absence of the real time monitor; 


 


for all households, 


~


4


~~


4


~


4 ),( δδ ′= itit xxf , with parameter vector 
~
δ , is a linear function of a vector of 


independent variables ( itx 4


~
) influencing the remaining electricity loads,  in the absence 


of the real time monitor; 


 


for all households, 


~


5
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′


=
itit


xxf , with parameter vector 
~
λ , is a linear function of a vector of trend 


related independent variables ( itx5


~
) influencing the total electricity load, in the absence of 


the real time monitor; 


 


for all households using the real time monitor, 
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~~~~
),( θθ ′=


itit
zzg , with parameter vector 


~
θ , is a linear function of a vector of independent 


variables (
it


z
~


) influencing the electricity load, in the presence of  the real time monitor; 


 


itµ  is a stochastic error with possible autocorrelation and heteroskedasticity. 


 
Briefly, the various components reflect the critical factors that influence the 


corresponding usage.   


 
 
Electric heating formulation: 
 
For those houses with some part of the dwelling heated with electricity, we would expect 


the size of the house (measured in square feet), the age of the dwelling, the weather 


(measured in heating degree days), the number of residents, and income to probably 


matter. 


( ) itititiiiiiiitit
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where 
 
 


itDF  is the proportion of the dwelling heated by electricity at time t , 


itHDD  is the normalized (per day) heating degree days (with reference temperature 18 


degrees Celsius) measured during time t ,  


itSQ  is the square footage of the dwelling, 


itNR  is the number of residents in the household, 







 19


itIN  is household income, 
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Electric water heating formulation: 


For electric water heating, the number of residents, the age composition, income and hot 


water related appliances matter. 


( ) ititititititit
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where 
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⎩
⎨
⎧


=
otherwise


heatingwateryelectricithasdwellingif
DWit 0


1
, 


itNR  is the number of residents in the household, 


itAPDW  is the wattage of all dishwashers in the dwelling,  


itAPCW  is the wattage of the clothes washing machines in the dwelling, 


itIN  is household income, 


itNAG1  is the number of household members less than or equal to 14  


itNAG2  is the number of household members greater than or equal to 15 and less than or 


equal to 19. 


 


 


 


 


Air conditioning formulation: 


For air conditioning participants, the square footage, the weather (measured by cooling 


degree days), the number of residents and income may matter. 


( ) ( )ititititititit CDDSQDAINNRxxf •++=′= 210
~


3


~~


3


~


3 ),( δδγγγ  


where 


itDA  is the proportion of the dwelling air conditioned at time t , 


itCDD  is the normalized (per day) cooling degree days (with reference temperature 22 


degrees Celsius) measured during time t ,  


itSQ  is the square footage of the dwelling, 







 21


itNR  is the number of residents in the household, 


itIN  is household income. 


This model is only relevant to the British Columbia pilot since there was minimal usage 


of air conditioning among Newfoundland participants. 


 


Other electricity load formulation: 


For the other electricity component, the number of residents, the income, and the stock of 


appliances should matter. 


( )


itititit
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where 


itNR  is the number of residents in the household, 


itIN  is household income, 


itAPT  is the total wattage of the following appliances:  clothes dryer, dishwasher, freezer, 


microwave, mini-bar, personal computer, range, refrigerator, television, washing 


machine; 


itDPHE  is the wattage of an in-ground pool heater owned by household i at time t , 


itAPPP  is the wattage of  the pool pump if owned by household i  at time t , 


itAPONUM  is the total number of saunas, hot tubs and whirlpools, 


itDSM  is the proportion of billing days for time t  in the months of June, July and 


August, 


itREG is a regional dummy variable. 
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Trend related formulation: 


 


The trend related formulation is very simple.  There is a dummy variable for summer 


months, a dummy variable for winter months, and a time trend index.  If there are 


conservation impacts happening, regardless of the usage of the real time monitor, the 


coefficient corresponding to the time trend index would be expected to be negative and 


statistically significant from zero.  


itititit
itit


TDWNDSMLRPxxf 4321~


5


~~


5


~


5 ),( λλλλλλ +++=
′


=  


where 


itLRP  is the logarithm of the real price of residential electricity, 


itDSM  is the proportion of billing days for time t  in the months of June, July and 


August, 


itDWN  is the proportion of billing days for time t  in the months of December, January 


and February, 


 itT  is a time index. 


 


Real-time monitor impact formulation: 


Variables influencing the feedback include the configuration of space heating, water 


heating and air conditioning, income, education and the age distribution of household 


members.  Furthermore, it is desirable to test whether there is any attenuation of impact 


during the pilot.  In other words, does the feedback response diminish or increase during 


the time of using the real-time monitor?  Because of the extreme variation in cold 
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weather across the sample in the winter months, in addition to modeling the feedback as a 


linear term involving heating degree days interacted with proportion of dwelling heating 


by electricity, a nonlinear term involving the square root of heating degree days is also 


added. 


it


itititit


itititititititit


ititititititititit


itit


D


DFLDSMDSPTD


CSVNAGEDPREDEDINNRSQ
CDDDADWHDDDFHDDDFDSMDF


zzg


•
⎟
⎟
⎟
⎟


⎠


⎞


⎜
⎜
⎜
⎜


⎝


⎛


+++


++++++++


+++++−+


=′=


16151413


12111097876


543210


~~~~


421)ln(
)1(


),(


θθθθ


θθθθθθθθ
θθθθθθ


θθ


where  


itDSP  is the proportion of billing days for time t  in the months of March, April and May, 


itDSM  is the proportion of billing days for time t  in the months of June, July and 


August, 


itDFL  is the proportion of billing days for time t  in the months of September, October 


and November,  


itDF  is the proportion of the dwelling heated by electricity at time t , 


itHDD  is the normalized (per day) heating degree days (with reference temperature 18 


degrees Celsius) measured during time t ,  


itCDD  is the normalized (per day) cooling degree days (with reference temperature 22 


degrees Celsius) measured during time t ,  


⎩
⎨
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=
otherwise


heatingwateryelectricithasdwellingif
DWit 0


1
, 


itDA  is the proportion of the dwelling air conditioned at time t , 


itIN  is household income, 
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schoolhighiseducationoflevelhighestwhosemembershouseholdofnumberED it =1
 


niversitycollegeoruiseducationoflevelhighestwhosemembershouseholdofnumberED it =2
 


itEDPR  is the proportion of household members aged 15 years and over whose highest 


level of education is no less than high school 


itCSV  is a conservation index, 


itNAG4  is the number of household members 65 and over 


itTD  is the time in days since the real-time-monitor was installed 


 


Data Considerations: 


After assembling the data, a number of issues had to be accommodated.  Sometimes, 


although infrequently, there were technical difficulties with the monitor.  For those 


observations, until the technical difficulties were corrected, the affected data were 


dropped from the analysis.  The billing period corresponding to installation is dropped 


because the observation is mixed in nature.  The first part of the billing period 


corresponds to no usage of the real-time monitor and the second part of the billing period 


corresponds to usage of the real-time monitor. 


 


Only actual meter reads were used.  This is particularly relevant to the pre-pilot period 


where estimated bills were sometimes sent to customers. Moreover, there were some 


sample participants who did not respond in filling out any of the three questionnaires.  If 


a participant responded to only the first or first and second questionnaires, they were 


followed as long as questionnaire data was available.  If a participant moved during the 
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pilot, the participant was followed up until their departure. After the above data 


inspection there were 2263 usable observations in Newfoundland and 1967 usable 


observations in British Columbia.  This consisted of 58 pilot participants and 10 control 


customers in Newfoundland and 43 pilot participants and 17 control customers in British 


Columbia.  


 


Because billing cycles are customer- and time-specific, all heating and cooling degree 


day information was matched precisely to the billing cycle. 


 


For many of the already cited reasons, it becomes clear very quickly that the resulting 


data set is comprised of observations separated by multiple time lags.  Even for one 


customer, sometimes (either due to variation in billing cycles, long periods between 


actual reads, dropped observations for reasons described above) the lags between 


midpoints of actual reads vary.  For example, in looking at the distance between 


observations for one participant, there may be one month, two months or even three 


months. 


 


The underlying error is assumed to be AR(1).  That is ittiit euu += −1,ρ .  The selection of 


the model’s parameters is based on maximizing the likelihood function.  Where possible, 


except for starting observations, we formulate the model in differences between 


consecutive observations.  The advantages of this technique with respect to handling 


possible selection bias are outlined in Ham, Mountain and Chan (1997).  To account for 
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the variation in lags across the sample, a concentrated likelihood function in the spirit of 


Beach and MacKinnon (1978) is formulated. 
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Denote itk  as the distance in months between the observation at time t  and .1−t  


Denote A as the set of observations corresponding to the initial time period for which we 


have data on a household.  Let the number of observations in set A  be A . 


Denote B as the set of observations where the distance (measured in months) since the 


last observation corresponds to the lagged distance. Let the number of observations in set 


B  be B . 


Denote C as the set of observations where the distance (measured in months) since the 


last observation does not correspond to the lagged distance. Let the number of 


observations in set C  be C . 


The sets ,, BA  and C  are mutually exclusive and exhaustive.  Thus the total number of 


observations in these three sets ( CBA ++ ) equals N , the total number of observations. 


 


The concentrated likelihood function to be maximized (in terms of 
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Results: 


Reasonableness of Model: 


The above concentrated likelihood function is maximized using a grid search involving 


ρ .  The estimated parameters corresponding to the maximum likelihood corresponding 


to the final model are in Table 3 for Newfoundland and Table 4 for British Columbia.  


The optimal ρ  is -0.184 for Newfoundland and -0.547 for British Columbia.    We also 


tested for  heteroskedasticity of the error ( ite ), where the heteroskedasticity was modeled 


as a function of the squares of the variables denoting ownership of electric 


heating/electric water heating/air conditioning equipment (and interacted with heating 


and cooling degree information and square footage).  Using White’s test, it appears that 


heteroskedasticity is not present ( crit
05.


22 )2(99.599.4)2( χχ =<=  for Newfoundland and 


crit
05.


22 )3(81.718.1)3( χχ =<=  for British Columbia). 


 


A quick look at the parameters of the model shows most parameters with relatively low 


standard errors.  The model seems to be well specified.  9283.02 =R  for Newfoundland 


and  8141.02 =R  for British Columbia.  This is a very good fit for such panel data. 
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Table 3:  Estimated Parameters of Final Model: Newfoundland 
 
 


                      Scaling                                    Parameter           Standard Error 
                      Factor 


           Electric Heating Parameters    
 (All variables interacted with )ititit HDDSQDF                                  


 
0α    10-4                              0.2647   0.0237 


NR:1α   10-6      -0.3044              0.0539 
IN:2α   10-10     -0.9105   0.2131 


1:3 Aα  10-5      0.5830   0.3573 
2:4 Aα  10-6      0.5038   1.4920 
3:5 Aα   10-5      0.6094   0.2265 
4:6 Aα  10-4      0.1279   0.0422 
5:7 Aα  10-4      0.1127   0.0427 
6:8 Aα  10-5     -0.4522   0.2918 


 
Electric Water Heating Parameters 


(All variables interacted with itDW ) 
 


0β    100      1.4442   0.2898 
NR:1β  100       0.1821   0.0406 
APDW:2β  10-3       0.4853   0.4105 
APCW:3β     10-2                -0.3034   0.2238 
IN:4β  10-4     -0.1404   0.0271 


1:5 NAGβ        100     -0.4909   0.0637 
2:6 NAGβ  100     -0.1073   0.0524  


            
               Other Electricity Load Parameters 


 
0δ    100      3.9901   0.2421 


APT:1δ  10-3     -0.1117   0.0502 
APTIN ⋅:2δ  10-8                 0.2684   0.0526 


APONM:3δ  100      0.3505   0.0501 
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Table 3 (continued) 
 


                      Scaling                                    Parameter           Standard Error 
                      Factor 


 
                 Trend Related Parameters 


 
LRP:1λ  100     -0.5611   0.1415 
DSM:2λ  100     -0.1896   0.0178 
DWN:3λ  100      0.2524   0.0160 


T:4λ  100     -0.1398   0.0275 
 


               Real-time Monitor Impact  Parameters 
                  (All variables interacted with )itD   


 
)1(:1 DSM−θ 100      0.2770   0.0760 


HDDDF ⋅:2θ 10-1      0.1607   0.1008 


HDDDF ⋅


:3θ    100                  -0.1143   0.0606 


DW:4θ  100     -0.2895   0.1188 
SQln:5θ  100     -0.1119   0.0652 


NR:6θ  100       0.2617   0.1516 
IN:7θ  10-5       0.2171   0.1865 


1:8 EDθ  100      -0.2326   0.2063 
2:9 EDθ  100      -0.2754   0.2164 


EDPR:10θ  100        0.7496   0.5364 
4:11 NAGθ  100        0.1118   0.0723 


CSV:12θ  10-1        0.4956   0.2443 
DSM:13θ  10-1        0.9573   0.0431 


 
 
 
 
R2:  0.9283 
Log of the Likelihood Function:  -5607.37 
Number of Observations: 2263  
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Table 4:  Estimated Parameters of Final Model: British Columbia 
 
 
Electric Heating Parameters 


(All variables interacted with )ititit HDDSQDF  
 


0α    10-5                            -0.6266   0.8103 
NR:1α   10-5       0.2498              0.1169 
IN:2α   10-10     -0.5463   0.4659 


1:3 Aα  10-4      0.1553   0.0849 
2:4 Aα  10-4      0.1661   0.0757 
3:5 Aα   10-4      0.3959   0.1042 
4:6 Aα  10-5      0.4552   0.7686 
5:7 Aα  10-4      0.2195   0.0876 
6:8 Aα  10-4      0.1300   0.2328 


Electric Water Heating Parameters 
(All variables interacted with itDW ) 


 
0β    100       0.3181   0.0839 


 
            Air Conditioning Parameters 


              (All variables interacted with )ititit CDDSQDF  


0γ    10-3      0.2985   0.0844 
NR:1γ  10-4      0.1601       0.2328 
IN:2γ  10-8     -0.3701               0.1191 


 
               Other Electricity Load Parameters 


 
0δ    100      3.2782   0.2595 


APT:1δ  10-4      0.5929   0.4533 
APTNR ⋅:2δ 10-4      0.1287   0.0548 
APTIN ⋅:3δ  10-9                 0.8923   0.0216 


DPHE:4δ      10-1     -0.1431   0.1118 


DSMAPPP .
:5δ    10-4      0.9008   0.4477 


APONUM:6δ 100      0.2520   0.0742 
REG:7δ   100      0.2657   0.0830 
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Table 4 (continued) 
 


                      Scaling                                    Parameter           Standard 
Factor 


                 Trend Related Parameters 
 


LRP:1λ  100     -0.6097   0.1812 
DSM:2λ  100     -0.1912              0.0276 
DWN:3λ  100      0.2911   0.0264 


T:4λ  10-1    -0.3147   0.4620 
 


               Real-time Monitor Impact  Parameters 
                  (All variables interacted with )itD   


 
2:1 EDθ  10-1        0.7214   0.5757 


EDPR:2θ  100       -0.2005   0.1087 
DSP:3θ  100       0.1143   0.0558 
DSM:4θ  100       0.1272   0.0617 
DFL:5θ  10-1       0.7511   0.5407 


 
R2:  0.8141 
Log of the Likelihood Function:   -5697.69 
Number of Observations: 1967  
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For the electric heating model pertaining to no presence of real time monitor, as expected, 


the higher the number of residents in the household, the lower is the consumption.  This 


is an effect commonly observed in the conditional demand literature.  Not unexpectedly, 


the age of the dwelling seems to matter in explaining electric heating consumption.  


Furthermore, the bigger the house, the more electricity is used (e.g., 0α  and the other α  


parameters are statistically significant from zero).  Notice that the income coefficient is 


negative both in the electric heating submodel and in the air conditioning submodel (for 


British Columbia).  Perhaps, in economic terms, one could characterize the electricity 


required for heating and cooling is such a necessity that it is an inferior good.  However, 


this may also be related to the idea that the higher the level of income, the more 


investment made by households in insulation and weather proofing of the dwelling (and 


for new home purchases, this means a more energy efficient dwelling in terms of heat or 


cooling loss), ultimately leads to less electricity used in heating and cooling.  This 


phenomenon was also evident in the results of the Hydro One Pilot. 


 


For the air-conditioning submodel of British Columbia, the higher the number of 


residents and the higher the square footage, the higher is the air conditioning load.  This 


is to be expected.  The age profile of the dwelling was also examined (not shown) as a 


possible set of explanatory variables for air conditioning load.  However, in our sample 


we found the age of dwelling didn’t seem to matter regarding air conditioning load. 


 


With respect to electric water heating load, the number of residents positively affects 


electricity usage in Newfoundland.  But, a negative adjustment must be made for the 
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number of children less than or equal to nineteen.  Similar to electric heating and air 


conditioning loads, water heating loads are affected negatively by income.  For British 


Columbia demographics and appliance ownership did not significantly affect water 


heating loads. 


 


For the other electricity load (base load) parameters, all coefficients of explanatory 


variables are positive and all but one is statistically significant from zero.  Generally, the 


greater the number or appliances, the higher is the electricity consumption.  In particular, 


the number of saunas, hot tubs and whirlpools along with the presence of a pool pump 


significantly increase household load.  As well, as income and the number of residents 


increase, base load consumption increases. 


 


With respect to trend related variables, there is a significant seasonal impact aside from 


weather ( 0,0 32 >< λλ ).  While for British Columbia, there are no quantifiable 


underlying trend conservation effects there is such an effect in Newfoundland ( 04 <λ ).  


For both Newfoundland and British Columbia the price responsiveness is significant 


( 01 <λ ). 


 


The Impact of the Real Time Monitor 


Does the real-time monitor affect consumption?  Originally, a much larger real time 


submodel  was estimated.  The statistically significant remaining models are shown in 


Tables 3 and 4.  Notice that a number of the remaining coefficients are statistically 


significant at either the 5% or 10% level of significance.  The statistical significance of 
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the remaining iθ  illustrates that the real-time monitor has a significant impact on 


customer behavior.  For British Columbia the critical determinant of the responsiveness is 


the level of education of household members over 14 years of age.  As well, seasonality 


plays a role in British Columbia.  For Newfoundland, there are a number of important 


determinants (see Table 4).  The heating configuration, the presence of electric heating, 


the size of the dwelling, the number of residents, their income, their levels of education,  


the number of senior citizens, attitudes toward conservation and seasonality all play a role 


in affecting the impact of the real-time monitor on customer behavior.  A few items to 


highlight include the positive relationship between reduction in consumption and 


education and attitudes to conservation ( 0,, 1298 <θθθ ) and the negative relationship 


between reduction in consumption and number of residents, income, and number of 


senior citizens ( 0,, 1176 >θθθ ). 


 


As noted, an important determinant of the responsiveness is the electric heating/electric 


water heating/air conditioning configuration.  This is illustrated in Table 5 and 6 which  


show percentage kWh savings and percentage impacts due to real-time monitoring.  The 


impacts are calculated at sample averages. Sample averages for square footage, number 


of residents and income are reported. For example, when DF=1 and DW=1 in 


Newfoundland (an all-electric house) the impact is -19.79%.  Contrast this with DF=0, 


DW=0 in Newfoundland (no electric water heating and no electric heating), where the 


impact is -8.78%.   
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Table 5:  Percentage Impact of Real-Time Monitor:  By Heating-Water Heating 
Configurations---Newfoundland 


 
Sample Estimates 


 
                                             
Electric Heating:  100  0  0  0<DF< 100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes  Yes  No     Yes                       
Heating: 
 
 
________________________________________________________________________ 
 
Sample Proportion 0.367  0.277  0.115    0.241  
 
Square Footage 1829  1548  1458    1743   
 
Number of Residents 2.81  2.54  1.52    2.93   
 
Income  53732  52595  53581    84184  
 
kWh before 
real-time monitor 27996  10965   5584    17681  
 
Change in kWh 
due to real-time 
monitor  -5540.0   -2461.7   -490.1   -2616.3   
 
Percentage  
Response (%)  -19.79  -22.45  -8.78  -14.80    
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Table 6:  Percentage Impact of Real-Time Monitor:  By Heating-Water Heating-Air 
Conditioning Configurations---British Columbia 


 
Sample Estimates 


 
                                             
Electric Heating:   100 100 0 0 0 0<DF< 100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water   Yes No Yes Yes No     ---                       
Heating: 
 
 
Air    0 --- 100 0 0               ---              
Conditioning:                                                                                          
(Percentage of  
house cooled: DA) 
________________________________________________________________________ 
 
Sample Proportion  0.227 0.045 0.080 0.145 0.247   0.256   
 
Square Footage  2021 2515 3653 1390 2041   2048   
 
Number of Residents  2.70 4.01 2.63 2.91 2.75   3.30   
 
Income   72332 87882 86513 55091 79489   83213  
 
kWh before 
real-time monitor  18175   8829 25022 12419  9250   16395  
 
Change in kWh 
due to real-time 
monitor   -618.3  -254.5  -350.2  -256.1 -212.6  -514.7  
 
Percentage  
Response (%)   -2.88 -3.40  -1.40  -2.06    -2.30     -3.14  
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Looking at the Table 5, it is clear that the largest impact occurs for customers with 


electric water heating and without electric heating (-22.45%).  The participants without 


electric water heating and without electric heating show reductions of 8.78%.  Both of 


these impacts are statistically significant at the 95% level of significance.  The higher 


results for those households with electric water heating is in agreement with the results of 


the Hydro One pilot of Ontario. 


 


Over the entire sample, the overall average reduction in Newfoundland is 18.06%.  These 


results are significantly higher than the response in Ontario and above the 10% reduction 


observed in four programs surveyed by Darby (2001) where information about 


conservation was provided to households.  But again, it is to be noted that in the 


Newfoundland and British Columbia pilots no such conservation information was given 


to participants. 


 


For British Columbia the impacts are much less than Newfoundland, ranging from a 


reduction of 1.40% for those with electric water heating and air conditioning to a 


reduction of 3.40% for those with electric heating and no electric water heating.  Overall, 


the responsiveness in British Columbia is a reduction of 2.68%.  Nevertheless, if we track 


the monthly responsiveness, in the winter months, the reductions in British Columbia are 


in the order of 9 %.  
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Tables 7 and 8 provide another perspective.  Here, there is a comparison of the savings 


for a house of identical size and identical demographics and appliance configuration in 


each of the geographic regions of the pilot.  For example, in the Avalon region of 


Newfoundland while the electric heating/electric water heating/air conditioning  


household show conservation impacts of 10.0%, the non-electric heating/electric water 


hating impact averages at 21.4%.  The remaining part of Table 7 examines the impacts in 


each of the other two regions.   


 


Table 9 shows a regional breakdown for British Columbia.  There are two regions, the 


Mainland and the Island.  Where we have samples to compare, the responsiveness for the 


Mainland region for a number of the categories seems to more than the Island region.  On 


the other hand, for the households with only base load, the Island  response is -4.88%, 


greater than the Mainland responsiveness, -0.85%. 
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Table 7:  Percentage Impact of Real-Time Monitor:  By Heating-Water Heating 
Configurations---Newfoundland 
 


By Region in Newfoundland 
                                          
                                           
Electric Heating:  100  0  0  0<DF< 100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes  Yes  No     Yes                       
Heating: 
 
 
________________________________________________________________________ 
 


Avalon 
 


Square Footage 2013  2013  2013    2013   
 
Number of Residents 2.61  2.61  2.61    2.61   
 
Income  47382  47382  47382    47382 
 
Annual Heating 
Degree Days  4408.1  4408.1  4408.1  4408.1 
 
kWh before 
real-time monitor 26510  11295   5283    16503  
 
Change in kWh 
due to real-time 
monitor  -2651.7   -2412.0   -855.8   -1785.3   
 
Percentage  
Response (%)  -10.00  -21.36  -16.20  -11.50    
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Table 7 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating Configurations---Newfoundland 
 


By Region in Newfoundland 
                                          
                                           
Electric Heating:  100  0  0  0<DF< 100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes  Yes  No     Yes                       
Heating: 
 
 
________________________________________________________________________ 
 


Central 
 


Square Footage 1786  1786  1786    1786   
 
Number of Residents 2.86  2.86  2.86    2.86   
 
Income  45848  45848  45848    45848 
 
Annual Heating 
Degree Days  4762.2  4762.2  4762.2  4762.2 
 
kWh before 
real-time monitor 27783  10508  NA  17533  
 
Change in kWh 
due to real-time 
monitor  -6880.0  -2160.1 NA  -2247.8   
 
Percentage  
Response (%)  -24.80  -20.56  NA  -12.82   
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Table 7 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating Configurations---Newfoundland 
 


By Region in Newfoundland 
                                          
                                           
Electric Heating:  100  0  0  0<DF< 100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water  Yes  Yes  No     Yes                       
Heating: 
 
 
________________________________________________________________________ 
 


West Coast 
 


Square Footage 1763  1763  1763    1763   
 
Number of Residents 2.87  2.87  2.87    2.87   
 
Income  63970  63970  63970    63970 
 
Annual Heating 
Degree Days  4503.9  4503.9  4503.9  4503.9 
 
kWh before 
real-time monitor 29110  13032   7181    16960  
 
Change in kWh 
due to real-time 
monitor  -5963.5   -3138.3   -168.3   -2902.8   
 
Percentage  
Response (%)  -20.49  -24.08    -2.36  -17.12    
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Table 8:  Percentage Impact of Real-Time Monitor:  By Heating-Water Heating-Air 
Conditioning Configurations---British Columbia 
 


By Region in British Columbia 
                                          
                                           
Electric Heating:   100   100      0       0          0           0<DF<100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water   Yes   No      Yes       Yes         No                ---                       
Heating: 
 
 
Air    0   ---      100          0            0                  ---              
Conditioning:                                                                                          
(Percentage of  
house cooled: DA) 
________________________________________________________________________ 
 


Mainland 
 
Square Footage  1760     1760      1760        1760         1760       1760 
  
Number of Residents  3.24      3.24       3.24          3.24        3.24         3.24  
 
Income   104730  104730  104730   104730    104730    104730  
 
Annual Heating 
Degree Days   3036.8   3036.8    3036.8     3036.8     3036.8    3036.8 
 
Annual Cooling 
Degree Days       92.4       92.4        92.4         92.4        92.4        92.4 
 
kWh before 
real-time monitor                        NA      38934       NA       10044         8775    12468 
 
Change in kWh 
due to real-time 
monitor       NA    -1710.6       NA      -380.2         -74.9    -669.9   
 
Percentage  
Response (%)       NA       -4.39        NA       -3.79          -0.85      -5.37 
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Table 8 (continued):  Percentage Impact of Real-Time Monitor:  By Heating-Water 
Heating-Air Conditioning Configurations---British Columbia 
 


By Region in British Columbia 
                                          
                                           
Electric Heating:   100   100      0       0          0           0<DF<100  
(Percentage of   
house heated with  
electricity: DF) 
 
Electric Water   Yes   No      Yes       Yes         No                ---                       
Heating: 
 
 
Air    0   ---      100          0            0                  ---              
Conditioning:                                                                                          
(Percentage of  
house cooled: DA) 
________________________________________________________________________ 
 


Island 
 
Square Footage  2114     2114     2114       2114         2114         2114 
   
Number of Residents  2.51      2.51       2.51          2.51        2.51         2.51  
 
Income   60818     60818    60818      60818      60818       60818 
 
Annual Heating 
Degree Days   2331.3   2331.3    2331.3     2331.3     2331.3      2331.3 
 
Annual Cooling 
Degree Days     5.88       5.88        5.88         5.88          5.88          5.88 
 
kWh before 
real-time monitor                    9926      13250      15329       14650        9914        14708 
 
Change in kWh 
due to real-time 
monitor            -418.5        -32.84     -410.8        -21.9        -483.4     -160.3   
 
Percentage  
Response (%)                        -4.22          -2.48       -2.68       -0.15         -4.88        -1.09 
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Customers’ Attitudes and Perceptions Regarding the Real-Time Monitor: 


Having quantified the conservation impact of the real-time monitor, the report will 


review the participants’ attitudes toward the real-time monitor and their perceptions of 


their behavior. 


 


Tables 9 to 11 indicate a very high level of satisfaction with the real-time monitor.  


According to questionnaire statistics, 75.0% of the Newfoundland participants and 72.1% 


of the B.C. participants felt the monitor made a difference in their homes.  The majority 


of the participants (76.3% in Newfoundland and 69.0% in British Columbia) reported that 


they planned to continue using the monitor after the pilot was complete.  When asked 


how useful they found the monitor in helping them conserve energy, 76.3% of the 


participants in Newfoundland and 78.7% of the participants in British Columbia ranked 


the monitor 3 or greater on a scale of 0 to 5.  If we decompose the sample into houses 


heated entirely by electricity versus all other houses, unlike the Ontario sample, 


participants in electrically heated houses do not see the monitor as less useful than those 


in non-electricity heated houses. 
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Table 9 


Newfoundland 


 


 Did the Monitor make a difference in your home? 


 
 
 


     


 Number of Individuals  


     


 Heated Entirely Electric Water Heating and   


Response by Electricity 
Supplementary or No Electric 


Heating Other Total 
No response 3 4 0 7 


Yes 14 10 3 27 


No 2 5 2 9 
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Table 9 (continued) 


 
British Columbia 


 
 
Did the Monitor make a difference in your home?  


     


 Number of Individuals  
     


 Heated Entirely Electric Water Heating and   


Response by Electricity 
Supplementary or No  


Electric Heating Other Total 
Not Available 7 2 3 12 
No response 1 2 1 4 


Yes 11 11 9 31 
No 4 2 6 12 


 
 


Did the Monitor make a difference in your home? 
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Table 10 


Newfoundland 


Do you plan to continue using PowerCost Monitor after study 
is over? 


          


  Number of Individuals   
          


  
Heated 
Entirely 


Electric Water 
Heating and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total
No 


response 3 2 0 5 
Yes 14 12 3 29 
No 2 5 2 9 


 
 


Do you plan to continue using PowerCost Monitor after study 
is over?
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Table 10 (continued) 


British Columbia 


Do you plan to continue using PowerCost Monitor after study is over? 
          
  Number of Individuals   
          
  Heated Entirely Electric Water Heating and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total
Not Available 7 2 3 12 
No response 2 0 1 3 


Yes 11 11 8 30 
No 3 3 7 13 


 
 


Do you plan to continue using PowerCost Monitor after study 
is over?
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Table 11 


Newfoundland 


  Usefulness of Monitor   


          


  Number of Individuals   
          


  
Heated 
Entirely 


Electric Water 
Heating and     


Usefulness by Electricity 
Supplementary or No  


Electric Heating Other Total 
No 


response 2 3 0 5 
1 2 3 2 7 
2 1 1 0 2 
3 4 5 1 10 
4 6 6 1 13 
5 4 1 1 6 
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Table 11 (continued) 
 


British Columbia 
 


  Usefulness of Monitor   
          
  Number of Individuals   
          


  Heated Entirely 
Electric Water Heating 


and     


Usefulness by Electricity 
Supplementary or No  


Electric Heating Other Total 
No response 1 0 1 2 


1 3 4 3 10 
2 5 4 1 10 
3 6 5 10 21 
4 5 3 2 10 
5 3 1 2 6 
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Table 12 provides an indication of how often participants consulted their real-time 


monitor.  Our findings indicated that 54.1% of the participants in Newfoundland and 
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38.6% of the participants in British Columbia consulted the monitor either daily or 


multiple times per day.  The results for British Columbia are very close to that of Ontario 


(38.9%) but the Newfoundland participants consulted their monitor much more often.  


This supports the much large actual kilowatt-hour reductions measured in Newfoundland.   


Table 13 examines whether the frequency of consulting the monitor has decreased or 


increased during the pilot.  The modal response is that the frequency of consultation has 


stayed the same. 
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Table 12 


Newfoundland 


           How often do you check the PowerCost Monitor? 
          


  Number of Individuals   
          


  
Heated 
Entirely 


Electric Water 
Heating and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total 
No response 4 2 0 6 


Rarely 1 5 2 8 
1-2 times weekly 4 2 0 6 
3-5 times weekly 0 2 1 3 


Daily 5 7 1 13 
Multiple times per 


day 5 1 1 7 
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Table 12 (continued) 
 


British Columbia 
 


           How often do you check the PowerCost Monitor? 
          


  Number of Individuals   
          


  Heated Entirely Electric Water Heating and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total
No response 1 0 1 2 


Rarely 4 3 5 12 
1-2 times weekly 5 7 3 15 
3-5 times weekly 4 3 1 8 


Daily 3 4 7 14 
Multiple times per day 6 0 2 8 
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Table 13 
 


Newfoundland 
 


Since the PowerCost Monitor was first installed, the frequency which 
you consult the monitor has: 


              


    Number of Individuals     
              


    
Heated 
Entirely 


Electric Water 
Heating and       


  Response by Electricity
Supplementary or No  


Electric Heating Other Total   
  No response 4 2 0 6   
  Decreased 4 7 1 12   


  
Stayed the 


same 7 9 4 20   
  Increased 4 1 0 5   
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Table 13 (continued) 


British Columbia 


Since the PowerCost Monitor was first installed, the frequency which you consult the 
monitor has: 


     
 Number of Individuals  
     
 Heated Entirely Electric Water Heating and   


Response by Electricity 
Supplementary or No  


Electric Heating Other Total
No response 2 0 1 3 
Decreased 10 7 4 21 


Stayed the same 6 10 9 25 
Increased 5 0 5 10 
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The questionnaires also analyzed participants’ perception of their savings.  Interestingly, 


when the questionnaire statistics were compared with the actual measured savings there is 


an understatement of participants’ expected savings by Newfoundland participants as 


illustrated in Table 14.  While the empirical results suggested an overall reduction of 


18.06%, 51.9% of the sample saw their potential savings to be between 5% and 10%.  For 


British Columbia, 67.4% of the sample saw their expected savings of between 0% and 


5% and this is in agreement with their actual savings. 
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Table 14 


Newfoundland 


  Households’ perceived expected savings   
          


  Number of Individuals   
          


  
Heated 
Entirely 


Electric Water Heating 
and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total 
No response 6 8 2 16 


up to 5 7 4 1 12 
5 to 10 6 6 2 14 
10 to 15 0 1 0 1 
15 to 20 0 0 0 0 


Greater than 
20% 0 0 0 0 
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Table 14 (continued) 


British Columbia 


  Households’ perceived expected savings   
          


  Number of Individuals   
          


  Heated Entirely Electric Water Heating and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total 
No response 8 2 6 16 


up to 5 6 11 12 29 
5 to 10 5 3 0 8 


10 to 15 3 0 1 4 
15 to 20 1 1 0 2 


Greater than 20% 0 0 0 0 
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How did the participants conserve as a result of using the real time monitor?  Their 


responses are recorded in Table 15.  For Newfoundland, the two most popular actions are 


to turn lights off when not in use and using the cold water cycle on the washer.  For 


British Columbia participants the two most popular actions are to replace light bulbs with 


energy efficient lighting and to turn lights off when not in use. 
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Table 15 


Newfoundland 


How have you altered your consumption behavior as a result of using the PowerCost 
Monitor? 


          


  Number of Individuals   
          


  
Heated 
Entirely 


Electric Water 
Heating and     


Response 
by 


Electricity 


Supplementary or 
No  


Electric Heating Other Total
No response 2 4 0 6 


Lowered the temperature on thermostat 11 11 1 23 
Lowered temperature on dryer 2 2 0 4 
Used cold cycle/short cycle on 


dishwasher 5 3 0 8 
Replaced light bulbs with energy 


efficient lighting 9 10 4 23 
Reduced usage of dryer 10 9 2 21 


Reduced usage of  dishwasher 5 3 2 10 
Turn lights off when not in use 16 14 3 33 


Used cold water cycle on washer 14 10 4 28 
Other 1 1 1 3 
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Table 15 (continued) 


British Columbia 


How have you altered your consumption behavior as a result of using the PowerCost 
Monitor? 


     


 Number of Individuals  
     


 
Heated 
Entirely 


Electric Water 
Heating and   


Response 
by 


Electricity 
Supplementary or No  


Electric Heating Other Total
No response 4 3 3 10 


Lowered the temperature on thermostat 9 6 9 24 
Lowered temperature on dryer 4 1 2 7 
Used cold cycle/short cycle on 


dishwasher 5 4 7 16 
Replaced light bulbs with energy efficient 


lighting 11 12 11 34 
Reduced usage of dryer 6 3 4 13 


Reduced usage of  dishwasher 5 0 4 9 
Turn lights off when not in use 17 8 14 39 


Used cold water cycle on washer 10 6 8 24 
Other 3 2 2 7 
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Finally, Table 16 lists the features that participants found used on the monitor.  The cost 


per kilowatt-hour was the most popular feature. 
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Table 16 


Newfoundland 


                  Features found useful on the PowerCost Monitor 
          


  Number of Individuals   
          


  
Heated 
Entirely 


Electric Water Heating 
and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total 
No response 5 7 1 13 
$Dollars/Hr 10 5 3 18 


$Dollars 5 2 0 7 
Predicted 
$Dollars 6 2 0 8 


KW 6 4 0 10 
KWHrs 7 5 2 14 


Predicted KWHrs 2 2 1 5 
Temperature 8 6 0 14 


CO2/Hr 2 0 0 2 
CO2 3 0 0 3 


Predicted CO2 0 1 0 1 
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Table 16 (continued) 


British Columbia 


                  Features found useful on the PowerCost Monitor 
          


  Number of Individuals   
          


  Heated Entirely 
Electric Water Heating 


and     


Response by Electricity 
Supplementary or No  


Electric Heating Other Total
No response 3 3 3 9 
$Dollars/Hr 18 9 14 41 


$Dollars 4 1 3 8 
Predicted $Dollars 6 0 3 9 


KW 3 3 2 8 
KWHrs 3 7 4 14 


Predicted KWHrs 1 2 3 6 
Temperature 8 8 5 21 


CO2/Hr 0 0 0 0 
CO2 0 0 0 0 


Predicted CO2 0 0 0 0 
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Conclusions: 


 


1. The pilot studies in British Columbia and Newfoundland and Labrador show that real-


time feedback of energy consumption is effective in promoting conservation.   


 


2. The results are statistically significant and support the hypothesis that real-time 


monitors encourage conservation.  


-  This is based on following a significant number of pilot participants over a long 


time period. In comparison to previous pilots and demonstration projects 


regarding direct feedback, the pilot participants were followed for a relatively 


long period of time, 3.5 years. 


 - The experimental design consisted of a stratified random sample, spread across 


a wide geography, diversity of weather regions, a wide variation in the heating, 


cooling, water heating and appliance configurations, and a large variety of 


household income and demographic characteristics. 


 


3. Overall, the average reduction in energy consumption across the whole sample was  


18.1% in Newfoundland and 2.7% in British Columbia.  Some of the big difference in 


aggregate response across the two provinces may be due to much lower prices of 


electricity in British Columbia and a very different environment with respect to overall 


conservation policies already implemented.  
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- Within the Newfoundland sample, attitudes toward conservation, income and 


number of residents, age distribution, heating configuration all play a role in 


affecting the response to using the real-time monitor.  For example, those with a 


predisposition to energy conservation are likely to respond more than others while 


senior citizens will not respond as much.  


- In British Columbia the level of education was a significant variable in affecting 


responsiveness and seasonality also played a significant role in affecting 


responsiveness.  Seasonality also played a role in affecting responsiveness.  While 


the annual response was 2.7% the response was as high as 9.3% in the winter 


months. 


 


4. The results indicate a persistent response over the study time period and this finding is 


important for larger deployment of such a device.  No reduction in conservation response 


was detected through the duration of the pilot.  Furthermore, the qualitative feedback 


from participants was positive:  they were generally very pleased with the performance 


and usefulness of the real-time monitor in helping them reduce energy consumption and 


manage their costs.   


 


5. An overall average reduction of higher than observed in this study can be expected if 


the real time monitor is used in conjunction with other conservation and/or price 


measures.  


- The overall reductions observed in the study correspond only to the impacts of 


real-time feedback.  In this pilot no other price and/or conservation incentives 
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accompanied the real-time monitor.  Thus, these results are interpreted as the bare 


minimum impacts.   


- If the real-time monitoring is used in conjunction with other price and/or 


conservation measures, the conservation impact will be larger.   
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Water and Energy Conservation


Woodstock Hydro


Woodstock Hydro, 
located in Woodstock, 
Ontario, has been 
offering the Pay as You 
Go Electricity Program 
to its customers since 
1989. Utilities 
throughout Ontario and 
the rest of Canada are 
taking interest in the 
success of the program. 
Woodstock Hydro is a 
corporation owned by 
the City of Woodstock.


Description


Woodstock Hydro offers a pre-pay device that gives 
customers more control over their energy consumption 
and provides them with a greater incentive to conserve 
electricity. Approximately 25% of the Woodstock Hydro's 
customers use the device.


Prior to joining the program, the utility must connect a 
'smart meter' to the meter socket outside of the resident's 
home. The customer then buys power through the 
purchase of a 'smart card' available at local variety stores. 
The customer inserts the card into the portable display 
unit at home and the system credits the customer with 
the amount purchased on the card and allows the customer to use services to that value. The 
portable display unit communicates through the house wiring to the smart meter. The 
customer is then able to plug the unit into any electrical wall outlet to display the cost of 
energy use in dollars and cents per hour instead of kilowatt hour information that is 
traditionally found on a hydro bill.
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On average, homeowners who use the Pay as you Go Electricity Program use 15-20% less 
energy than the traditional system. The display unit makes consumers more aware of the 
amount of energy that they consume. As a result, consumers voluntarily conserve household 
energy use because they can see what each appliance costs them and decide where to 
conserve energy in the home.


Benefits


Environmental


Ontario coal generation plants are major contributors of carbon dioxide (CO
2
), sulphur dioxide 


(SO
2
) and nitrogen oxides (NO


2
), that contribute to climate change and smog. The total 


emission reductions of the 2 750 Woodstock households participating in this program are 4 
989 tonnes annually, based on coal generation power. These emissions are equivalent to the 
average CO


2
 emissions of 2458 cars annually.


Economic


Homeowners using the Pay as You Go device save an average of $10-15 per month on energy 
costs. Not only does the Pay as you Go Electricity Program benefit homeowners in terms of 
energy savings, Woodstock Hydro receives many benefits in return, such as: lower collection 
costs, no meter reading costs, better cash flow and a better public image.


Social


Using less energy means that there are less smog-producing emissions from coal generation 
plants. Citizens will therefore benefit from improved air quality.


Contact Information


Garry Roth  
President  
16 Graham St  
Woodstock, Ontario  
N4S 7X4  
Phone :  (519) 537-7172 x 240  
E-mail :  groth@woodstockhydro.com  
Website :  http://www.woodstockhydro.com 
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Date Submited


March 2004


Note: The purpose of this sheet is to give recognition to this specific activity in 
pollution prevention. Environment Canada does not per se endorse the company.
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Overview 
Energy is a common subject these days: costs are up and utilities are exploring the use of more complex rates, 
such as time-of-use or critical peak pricing. It seems obvious that for energy users to control their use and cost 
of energy, they need useful, timely information about how and when they are using energy and what it costs 
them. Yet, such information is rarely available directly for the consumer. No major meter or advanced 
metering infrastructure/automated meter reading (AMI/AMR) manufacturer provides a real-time in-home 
display as a standard feature. 


Stepping up to the challenge to provide “in-home” energy information are about a dozen, mostly small, young 
companies that make in-home displays to provide customers direct feedback on their energy use.  


A few utilities have demonstration or pilot programs with in-home displays for research purposes. Results just 
released from the Hydro One pilot suggest a reduction in energy use of 6.5% for residential customers on non-
time differentiated rates. 


The first part of this report provides the context for energy feedback: what it is, what effects it can have on 
customer energy use, which utilities have pilot programs, and how the technologies work. The second part of 
the report gives detailed information on specific real-time direct energy feedback technologies. We 
concentrate primarily on products that are now available, or soon will be, and that are designed specifically 
for the energy market. A richer, more creative array of products or product concepts exists in the realm of 
information display, tangible computing, and informative art. We conclude with a look at some intriguing 
projects in these areas that could perhaps be adapted to energy applications. 


The Results from Energy Feedback  


Types of Feedback 
Feedback is critical to improving performance in any area. Feedback lets us know how we’re doing and where 
we can improve. There are two types of feedback: direct and indirect.  


 Direct feedback is what a customer can see in real or almost real time. It helps to cement the 
concept of action and result or consequence. For example, if a customer turns on an electric 
clothes dryer, a direct feedback device would show that energy use increases dramatically (as 
does the cost).  


 Indirect feedback is mediated through another delivery channel. It generally also is time-
lagged rather than instantaneous. It may combine several effects. For example, the traditional 
utility bill does provide usage information, but at such a scale—at least 30 days later and 
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combining so many end uses (air-conditioning, water heating, cooking, lighting, etc.)—that 
it is extremely difficult to discern the effects of specific actions or behaviors.  


In utility applications, the most common feedback method is the indirect feedback of the service invoice or 
“energy bill.” Often this feedback elicits a dramatic response from the customer—“Oh no, my bill is too 
high!” or “Look at this bill. What did I do? I hate my utility!”—but it’s not really very useful. For example, it 
doesn’t suggest what made the bill so high (left to speculation by the customer) or what the customer can do 
to change it. In this report, we address technologies that can provide direct feedback at the time the energy is 
used. 


To manage their energy-consumption behavior (and energy costs as well), consumers would ideally have 
access to two different types of information: 


 Energy prices. If customers are on rates that change daily or seasonally, it is helpful to have 
a reminder of energy costs. For time-of-use, critical peak pricing, or real-time pricing 
programs—in which energy costs may be known only a few hours in advance—some type of 
price notification system is essential. 


 Energy use and energy cost. Customers on constant and time-varying rates alike can use 
information on how much energy they are using and what it is costing. For customers on flat 
rates, energy use and cost are linearly related, so lowering use automatically lowers cost a 
corresponding amount. For customers on time-varying rates, the cost information is likely 
more useful than the use information. With it, a customer can decide, for example, whether it 
is worth delaying running a dishwasher or clothes dryer until a lower-price time. The most 
valuable aspect of the information is that it provides customers with feedback on the 
consequences of their electric “behavior.” 


What the literature says 
Numerous studies have demonstrated that customers do indeed respond to feedback on their energy use. The 
“Final Report—California Information Display Pilot Technology Assessment” includes a review of literature 
from the past three decades and found savings ranging from 1% to 20% when customers were given real-time 
feedback.1 Most of the studies, however, found savings in the 4 to 15% range.2 As noted in the California 
report, the wide range of results is a consequence of the research, which generally consists of small samples, 
using various methodologies, and populations that can not readily be compared. Despite the current difficulty 
in quantifying the precise amount of reduction in energy use, it is clear nonetheless that direct feedback is 
what makes the link between cause and effect obvious for electric consumers.  


Interesting results from the literature review include the following: 


 In Europe, where bills are sometimes sent only twice a year, simply providing monthly 
feedback reduced space heating energy use by 3–9% and electricity consumption by  
17–21%.3 


 The sooner the feedback is delivered, the more effective it is.4  
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 Daily feedback has an impact on heating and cooling. Continuous or real-time feedback 
affects other energy uses.5 


 Feedback is most useful in conjunction with a specific goal for the customer, such as 
reducing energy use by 10%.6 


 One 1986 study found savings of 4–5% from installing in-home displays in Canadian homes, 
but no savings from installing the same displays in California homes.7


 The authors note there 
could be many possible reasons for why Canadians appeared more likely than Californians to 
respond to conservation programs (Canada had colder winters, higher prices, more and better 
government conservation programs at the time). 


 Northern Ireland Electricity has prepayment meters for about 20% (125,000) of their 
customers. With training, customers reduced their electricity use by about 11%; without 
training they still reduced use, but by about 4%.8 


 Woodstock Hydro in Ontario, Canada has 2,600 customers (25% of their residential 
customers) on a voluntary pay-as-you-go plan and estimates they use 15–20% less electricity 
than traditionally metered customers, despite having higher penetration of electric water 
heating and space heating.9 


 U.S. prepayment programs seem to achieve 10%–20% energy savings, as documented in an 
EPRI Solutions Customer Insights 2003 report on prepayment programs.10 Studies done by 
the Salt River Project (SRP) in Phoenix, Arizona, which has the largest prepayment program 
in the U.S. at more than 34,000 participants, have consistently found savings of 10%–15%, 
with an average of about 12% in its most recent study.11  


 Customers who purchased in-home displays in New Zealand and Australia are pleased with 
them. Ninety-two percent (92%) of those surveyed would recommend them to others and 
67% reported that they changed their behavior as a result of the device. 


The feedback studies, many of them from the 1970s and 1980s, certainly indicate a tendency for customers 
with real-time energy feedback to reduce their energy consumption. All of these studies involved customers 
on flat rates, which encouraged people to turn off devices, or to consider whether an amenity was worth the 
cost. 


The largest and most rigorous evaluation on the topic of direct energy feedback was released in March 2006, 
based on a Hydro One pilot program that began in 2003. Hydro One installed in-home displays in 500 homes 
and collected data for two and a half years. On average, residential customers reduced energy use by 6.5% 
with the in-home energy monitor. Reductions were somewhat greater for non-electrically heated homes. These 
reductions are absent any instructions or incentives for conservation or any pricing signals. The study 
concludes that if the monitor was combined with other price and/or conservation measures, the impact would 
be larger.12 (For additional information, see Hydro One Pilot on p. 5.) 


There is little documented experience about providing energy use and cost feedback to customers on dynamic 
pricing programs. It seems plausible that these customers, who sometimes see rates as high as $1/kWh, would 
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be very motivated to minimize their energy use during these times or shift use to other, lower-price times. At 
the same time, they might welcome a tool that would help them decide whether the savings are worth the 
inconvenience. 


Keep in mind that expectations about the availability and frequency of information have changed dramatically 
over the past 30 years. The Internet, cell phones, widespread wireless communications, and paging have 
become commonplace in recent years. Detailed, up-to-the minute information on bank account balances, 
baseball scores, stock prices, and myriad other data of interest to consumers is readily available. Thus, 
customers likely might want and perhaps expect better information about energy use. Likewise, technologies 
that can automatically reduce or shift energy use are much more common now than they were in the past. 


We cannot say definitively how recent technology changes have affected customer desire for and ability to 
respond to energy-use feedback. But we speculate that customers will become increasingly “information 
hungry,” especially for easy-to-understand data displays that can improve their ability to lower energy costs. 


Why Consider Real-time Energy Feedback Now?  
Despite a general consensus that direct energy feedback is an effective tool for changing energy use behavior, 
it is not widely used. There are only a few companies offering some type of feedback devices, and they are 
fairly small, young companies providing a niche product. A few utilities, notably in Canada, have deployed 
them in pilot programs. The technologies and concepts are not new, so considering real-time energy feedback 
begs the question “why now?” 


There are three factors in play currently that prompt consideration of real-time energy feedback now. 


 Dynamic pricing. An increasing number of utilities are considering dynamic pricing 
programs. Under these programs, customers face a time-of-use or critical peak pricing rate. 
On critical peak days, the rate can rise to a super-peak price for a few hours and price 
notification is essential. Also, being able to see the costs of various energy-using activities 
can enable customers to reduce their usage during the critical peak and affect peak energy 
use at the utility level.  


 General conservation. Utilities are also becoming more interested in general conservation 
as a component of demand-side planning. Arguably, when customers see that they can 
achieve savings by turning off lights, adjusting space temperatures, and other actions, they 
will be more apt to take action to reduce costs and energy usage.  


 AMI/AMR. Vendors have been promoting AMR for years. Recently, it has been transformed 
to AMI to reflect the score of services (direct energy feedback, time-varying pricing, remote 
connect/disconnect, outage notification, load control) enabled by advanced metering. 
Presenting energy feedback information requires getting the energy use and price data to the 
customer. Many of the systems currently on the market collect the use from the home wiring 
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system and have the user enter a fixed energy cost. A more elegant and accurate system 
collects both use and (changing) price data directly from the meter. Utilities looking at 
replacing metering and/or meter reading systems would do well to consider direct feedback 
at the same time. Currently, no major AMI vendor offers an in-home display, though several 
are talking with AMI vendors about incorporating their products. If a utility were to make an 
in-home display a requirement for an AMI sale, vendors say they could fairly readily include 
one. 


In-Home Display Pilots 
Although display units have been used in North American prepayment programs for several years, most 
display units intended to provide feedback for promoting efficiency are new to the market and are installed in 
only a relative handful of geographic locations. There are probably fewer than 11,000 in-home or small 
business feedback displays in North America, of which the majority have been purchased and installed by 
individuals.  


Most of the in-home displays on the market work with flat energy rates, though a few can handle time-of-use 
rates. Moreover, vendors are working with advanced meter manufacturers to develop products that will 
integrate with metering infrastructure and be able to accurately display energy use and costs for dynamically 
changing rates such as real-time pricing and critical peak pricing. 


In Canada, four utilities and one town are currently conducting pilot programs to establish how having energy 
information displays affects consumer energy use. Table 1 summarizes utility pilot programs. 


Hydro One 
Pilots are underway at Hydro One, BC Hydro, London Hydro, Newfoundland Power, and the town of Torbay 
to quantify the effects of in-home displays. The largest is Hydro One, where 500 homes have been equipped 
with real-time displays. All participants are on a flat-rate, so there is no incentive to shift high energy use 
activities to another, lower-cost time. Professor Dean Mountain of McMaster University performed sample 
design and the impact evaluation, which is the most robust study of customer response to direct energy 
feedback we have seen.  


The Hydro One pilot followed 500 participants over two and a half years, from January 2003 through 
September 2005. Hydro One found an average reduction in energy use of 6.5%.13 (This sample is large enough 
to estimate accuracy at a 95% confidence level.) The participants were not given price or conservation 
incentives, so the 6.5% reduction could be considered as a minimum savings attributable to the feedback 
device. Also of significance is the fact that the savings persisted over the study period. Participants with 
electric heat had smaller percentage reductions than customers with non-electric heat. Based on the results of 
the pilot, Hydro One plans to deploy more in-home display units, on the order of 10,000 to 30,000. Unlike the 
pilot, customers would choose to have the displays.14 
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SRP PowerWise  
On November 1, 2005, SRP kicked off a 900-home pilot program called PowerWise. Of the 900 randomly 
selected homes, 450 were assigned to a control group and 450 were assigned to a participant group. 
Participants were outfitted with a PowerWise User Display Terminal (UDT). The device is similar to the one 
used in the utility’s prepayment program, but without a smart card slot and two-way communication 
capability. (See Table 1, p. 7 for additional information on SRP’s prepayment customer interface device.) The 
homes were primarily single family (95%), averaged 1,950 square feet, and were split about evenly between 
all-electric homes and gas-heated homes.  


The participant-group homes receive marketing materials explaining how to use the PowerWise equipment 
and encouraging use of the UDT to conserve energy. Separately, the control group is told of SRP’s intention 
to conduct a test program that tracks household electricity use and how changes in the household affect 
electric usage. The participants take part in telephone surveys at the time of recruitment and again at the 
pilot’s conclusion, 12 months later. The surveys allow SRP to monitor key variables that change during the 
12-month period (e.g., a family could be away on vacation for several weeks, thus affecting usage). The 
participant group receives $25 and movie tickets for the pre- and post-test survey. The control group receives 
movie tickets mid-way through and $15 after the final survey.  


According to Marty Clyde, Senior Principal Analyst at SRP, the PowerWise pilot is being run to test the 
hypothesis that people equipped with better information and awareness reduce their overall consumption. 
While the utility’s successful prepayment program (which is voluntary and serves over 40,000 residential 
customers, or about 5% of those eligible) has shown average energy consumption reductions of 12.8%, some 
consumer advocates have questioned the validity of the savings, asserting that “self-disconnections,” triggered 
when credits are not renewed on the prepayment meter, are the primary driver of the purported drops in usage. 
“Our belief is our customers on prepay are reducing their consumption because of information awareness,” 
says Clyde. “The UDT makes electricity tangible, minute-by-minute.” SRP hopes that the pilot will help 
determine whether customer awareness, in fact, impacts usage behavior.  


PowerWise participants have access to most of the information that SRP’s prepay customers have. They can 
view their usage and cost by hour, day, and month and make daily and monthly comparisons by pushing 
buttons on the device that have been programmed to perform specific operations They can also use the device, 
known to customers as “the box,” to isolate specific appliances and determine how much they cost to run (this 
is done by leaving everything constant and turning an additional appliance on to determine the difference). 
Customers can use a log if they’d like to benchmark results. Separately, SRP programmed 12 pop-up text 
messages into the UDT that rotate through the display to provide users with energy efficiency tips. For 
example, participants see statements such as: “Adjust pool timer seasonally.” These messages cannot be 
turned off unless users unplug their UDT. They can, however, quickly change the display by pressing a button 
to access other screens. The tips are not seasonal due to the necessary amount of programming time that was 
needed. SRP did not have time to modify this functionality given its pilot schedule. 


Everyone in the PowerWise program is on a basic electricity plan, which is a seasonally differentiated flat 
rate. For the pilot, SRP is not collecting any information via two-way communication, as it does for its 
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prepayment program, but instead is collecting data via walk-by meter reads. SRP is only collecting monthly 
usage data (kWh consumption) to compare with the control group’s consumption and the previous year's 
consumption. Its focus is to identify energy savings as a result of real-time information. No peak demand or 
peak pricing data are being collected. The utility also plans to segment usage by demographics. 


The monthly usage shown on the display tracks closely with the monthly paper bill, which is the “official 
record or amount owed.” Minor differences between the two occur for two reasons: 1) the display resets at 
midnight on the first day of the month while a meter read for billing occurs at a slightly different time, and 2) 
local tax rates across SRP’s service territory vary so an average tax rate was built into the UDT to help 
customers estimate their bills.  


The pilot started on November 1, 2005 and will run for 12 months. SRP will analyze data quarterly and may 
release a midpoint review. Final results will be released at the end of 2006. 


Real-Time Energy Feedback Displays 
Feedback displays typically provide information on either energy price (cents per kWh) or energy use (current 
kW or daily kWh) and cost ($/hour). Price displays need to be in communication with the utility to accurately 
show changing prices. Energy use displays must obtain actual energy use, either by direct measurement or 
through communication with the electric meter. 


Price displays 
There are few technologies currently available that display energy prices for consumers. This report 
investigated displays that would be intuitive and easy for the customer to use. Rather than requiring the 
customer to go to a website for information, we were looking for a device that would subtly alert the customer 
to changes in energy prices in their home or business. 


The Energy OrbTM—a glowing globe that changes color with electricity prices—was used by Southern 
California Edison and San Diego Gas & Electric for a subset of customers in the Information Display Pilot in 
2004 and 2005.15  The orbs were programmed to be blue during off-peak hours, green during on-peak hours, 
and red during critical peak hours. The orbs also began to pulse red four hours before critical peak began. 
Altogether, 66 orbs were deployed in the Information Display Pilot. Since the pilot has started, over 2,000 
orbs have been purchased by these California utilities for use in ongoing pricing programs. 


The Energy Orb was enabled by customized programming of the off-the-shelf Stock Market Orb, 
manufactured by Ambient Devices. The off-the-shelf Orb is a stand-alone information device designed to 
display a user-selected channel of information, such as temperature or stock market performance. Inside the 
Orb are LEDs and a paging receiver. Information is sent to the orb, telling it what color to display. The Orb is 
easy to understand, but it can not provide layers of information. (Ambient Devices refers to it as a “one pixel” 
display and has other displays that can convey more information at once, though the more complex displays 
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are less visually appealing and require a bit more effort on the part of the viewer.) At a retail price of $150, 
plus $7 /month for access to the wireless network that delivers information to the orb (i.e., what color to turn), 
the Orb is not an inexpensive device.  


A few other utilities have looked into using the Energy Orb. National Grid has given about 10 to commercial 
customers. These Orbs are programmed to show the New England ISO electricity price and to pulse red when 
National Grid calls a targeted demand response event. National Grid reports some problems with paging 
coverage. Their most successful installation is in a college, where it is on public display and generates 
discussion. 


Energy-use displays 
Regardless of how they collect energy-use data, in-home energy-use displays have three basic components: 


 Input sensor collects the energy-use data. The input may come from the meter itself, or via 
a device that collects data from the meter or from the home circuit panel. The accuracy of the 
data varies with the type of sensing. 


 Display screen is the part the customer sees. It displays parameters such as the current 
electric demand (kW), daily and monthly use (kWh), current cost ($/hr), and daily and 
monthly cost ($). Some units have algorithms for predicting daily and monthly costs and can 
compare these to budgets. Some have alarms when parameters exceed pre-set levels. 


 Communication takes place between the sensor and the display unit. In most cases, the 
communication is either wireless or by powerline, so the display unit can be positioned and 
even moved around the house at the user’s convenience. A few units have the display unit 
hardwired to the sensor. This limits the location of the display unit to within a few feet of the 
home circuit panel, usually in the garage or basement, which is not an ideal location for 
frequent reference. 


Display units can have one-way or two-way communication. In a one-way system, the display unit is sent data 
about energy use from the meter or device that measures energy use. To calculate cost, the unit multiplies use 
by a fixed price (usually input into the display unit by customer, contractor, or utility). Because the display 
unit is not in direct communication with the utility, it has no way to receive a time-varying price input. 
Therefore, it cannot show cost of energy use under time-varying rates, and is not well suited for critical peak 
pricing or other dynamic rates.  


If the display is integrated with a metering system that has two-way communication between the meter and 
the utility, the utility can send the meter the current cost of electricity. Such systems are capable of displaying 
energy costs in real time, even for critical peak pricing and other pricing programs where prices change 
throughout the day. 


About half a dozen companies sell in-home displays to provide real-time energy feedback to occupants. We 
divide these into three categories:  
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 units that collect data from house wiring 


 units that collect data directly from the existing utility meter 


 units that are integrated with AMR/AMI systems 


Units that collect data from house wiring (via CT) 


One way for stand alone, non-communicating in-home displays to sense or measure energy use data is by 
installing a current transducer (CT) at the customer’s circuit panel. CTs clip on to the main wire and do not 
require removing wires. The CT measures current (amps) and multiplies by volts—which may be measured or 
assumed, depending on the device—to get watts.  


Clip-on sensing must be installed by an electrician and scheduled with the customer (since it’s installed at the 
circuit panel in basement or garage). Installation costs depend on contracts negotiated with electricians, but on 
average, installation runs between $75 and $200.  


These types of devices currently have the most manufacturers and cost from $50 to $200, plus installation. In 
addition, they share the following basic traits: 


 Installation requires getting into the customer’s home. Installation time must allow for 
scheduling and coordinating with the customer’s schedule. It could also potentially open up 
liability issues for utilities, such as finding improperly wired circuit panels. 


 Installation can be done without utility participation (or even knowledge) since CT sensing is 
independent of the meter. 


 While fairly cumbersome for existing homes, installation would be easier and less costly 
during new construction. 


 Depending on the type of CT, units may have problems with power factor and report 
inaccurate readings for motor and electronic loads. 


The in-home displays in this category present energy use in different ways. Some show instantaneous use 
only; others project a total monthly bill. The displays also have different types of communication between the 
sensor and the display. Some are hard-wired, requiring the display to be within a few feet of the circuit panel. 
Some communicate via powerline, so the display can be plugged into any home outlet. Still others use 
wireless communications, so the battery-operated display can be moved anywhere in the house. 


There are four vendors of CT-based sensing displays, and about 21,000 units installed (the majority in 
Australia and New Zealand). In-home displays that collect data from the home wiring are unlikely to appeal to 
utilities for large-scale implementation in existing buildings because requiring access into each customer’s 
home to install them will be too cumbersome. Utilities could, however, encourage their installation in new 
construction at fairly minimal cost. Likewise, builders could choose to put them in their new homes, as a sort 
of “energy dashboard.” Finally, individuals who want to know more about their home’s energy use could 
purchase them through retail home improvement or electronic stores. 
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Units that collect data directly from meter 


A second way for stand-alone displays to collect data is via meter-based sensor reading devices. Two types of 
equipment—optical-read devices and “meter collars”—perform this function.  


Optical-read devices attach to the meter, count meter revolutions, and translate them into energy use. Such 
systems have a slight time lag (less than a minute) built in because they need to count revolutions before they 
can display use. Optical-read sensing is designed to be installed onto the glass of the existing 
electromechanical meter. Installation doesn’t require an electrician or access to customer premises, so is less 
costly than CT installation, but it does take a bit of care because the reader must line up with the spinning 
disk. 


There is only one manufacturer of optical-read devices, Blue Line Innovations. They have about 500 units 
installed with four utilities in Canada. The appeal of the optical-read device—that it can easily be installed on 
an existing meter—also ultimately limits its usefulness. As utilities replace electro-mechanical meters with 
solid-state meters, there will be no longer be a spinning disk to read. Blue Line reports they are working with 
meter manufacturers to develop versions that will work with solid-state meters. 


Another company, Energy Control Systems, makes a sensor/transmitter meter collar that installs between the 
socket and the meter. Installation is performed by a utility meter installer who removes the meter and sets the 
transmitter into the meter socket and the meter into the transmitter. The transmitter sends meter data to the 
display unit via powerline. 


Either of the meter-based sensing devices has the advantage of showing the customer the same consumption 
as the meter sees. There are no issues with power factor. 


Units integrated with AMR/AMI systems 


In theory, integrating an in-home display unit with an AMI makes sense. The meter would read electricity use 
instantaneously and transmit the information to the display device. There would be no problem with potential 
discrepancies between what the utility reads and bills for and what the customer sees. Further, smart meters 
that communicate with utilities can handle time-varying rates, such as critical peak pricing. And, since the 
energy consumption comes directly from the meter, the display costs always are exactly the same as the 
billing costs. In fact, with this system, the bill can be calculated at the meter and sent back to the utility, rather 
than sending the billing determinants back and calculating the bill at the utility end.  


We interviewed several meter manufacturers who indicate willingness to incorporate in-home displays, if they 
felt there was a market for them. By this, they mean large orders, not a few hundred for a pilot program. 
However, lacking a clear market, and with other priorities, they are not spending R&D monies to develop in-
home displays. According to Sharon Allan, Elster Electricity’s Chief Knowledge Officer, Elster will open 
their meter to a vendor who wants to put communications under glass so the in-home display will work with 
the meter, but Elster is not planning to develop an in-home display. To get Elster to the table, says Allan, they 
would need real orders and a clear set of specifications. 
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Commercially Available In-home Display Devices 
This section describes in-home displays that provide direct energy feedback and are currently on the market. 
The device profiles encompass a range of brands; they include those whose means of data collection is via 
house wiring, optical-read sensing systems, meter-based systems, and prepayment systems. 


Units that collect data from house wiring (via CT) 
Table 2 provides an overview of currently available in-home displays that collect data from house wiring via 
CT.  


Cent-a-Meter (Whitesands Limited and Cenergies) 


Description 


The Cent-a-Meter is an in-home display device that looks similar to an indoor-outdoor digital thermometer 
(see Figure 1). It measures electricity use via a clip-on CT. The Cent-a-Meter includes a wireless transmitter 
and display, which can be moved around the house. The user inputs an average electricity rate and the Cent-a-
Meter shows current use (kW) and cost ($). It does not display total usage, so a cost-to-date for the month is 
not available. This feature was deliberatively omitted, as the utilities that sponsored development of the Cent-
a-Meter in Australia felt that having the customer compare Cent-a-Meter readings to utility bills would result 
in many calls to the utility. 


Figure 1. The Cent-a-Meter 


 


The Cent-a-Meter is an in-home display device with clip-on CT sensing. It can be moved around the house. 


Source: Whitesands Limited  
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Programming the Cent-a-Meter is minimal and fairly straightforward, if one reads the instruction manual. The 
various displays are viewed by pushing just a few buttons. The Cent-a-Meter displays instantaneous cost ($), 
use (kW), temperature, humidity, and greenhouse gas emissions (GHG). GHG emissions are calculated using 
preset pounds of CO2/kWh and do not account for generation source varying over time. There is an alarm if 
instantaneous use or cost exceeds a pre-set limit. 


A next-generation Cent-a-Meter design that integrates features including time-of-use capability (where users 
could enter several prices to, for example, mimic California’s daily peak, off peak, and shoulder rates) is 
expected to become commercially available in the U.S. during the latter half of 2006.  


Company and experience 


The Cent-a-Meter is the creation of Wireless Monitors Australia (which owns the patent rights). The device is 
distributed in New Zealand and Australia by Power Save Marketing Ltd, and in the U.S. by both Whitesands 
Limited and Cenergies. The product has been actively promoted for just under two years (January 2004 launch 
in Australia and May 2004 launch in New Zealand) and has garnered a fair amount of local publicity. It has 
been featured on TV news spots, was a finalist for the Australian Museum Eureka Prize (awarded to 
companies that, through innovation, seek to “elevate corporate responsibility for scientific endeavor to a level 
consistent with our national capacity needs”), and is reportedly popular with customers. Many customers use 
it to make sure everything is turned off. They learn what their regular use is and establish a baseline. Before 
leaving home, they check to make sure that their use matches with their expectation; if it’s more, they go back 
to see if they’ve left something on. 


A November 2004 telephone survey, conducted by MM Research for Power Save Marketing Ltd, evaluated 
207 New Zealanders who had purchased Cent-a-Meters and found that respondents liked the device. In fact, 
92% said they had or would recommend the Cent-a-Meter to others. Low-income households were most likely 
to recommend it, and two-thirds of purchasers reported changing their energy consumption as a result of the 
in-home display. However, given the sample—people who had bought the Cent-a-Meter as a tool to help 
control their energy costs—it is not surprising that so many reported changing their behavior.  


Installation 


Installation in the U.S. requires a licensed electrician because CTs are attached at the circuit panel. The wires 
go to a transmitter mounted on the wall near the panel. The battery-powered display unit can be placed 
anywhere in the home and moved as desired. 


Differentiating features 


The Cent-a-Meter display is fairly large (3” x 4”) and easy to read (numbers are 1.5” high). It is wireless and 
battery-powered, so can be moved around the house. In addition to electricity use and cost, the Cent-a-Meter 
displays temperature, humidity, and greenhouse gas emissions. Though the latter is not a big selling point for 
the U.S. market, it is of interest in New Zealand and Australia. 


Unlike other in-home displays that use CTs, the Cent-a-Meter does not measure voltage. The CT measures 
amps and is accurate to +/- 5 percent. The user inputs the voltage. The use, actually calculated by multiplying 
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measured amps by stipulated voltage, accounts for neither voltage fluctuations nor power factor correction. It 
is therefore less accurate for reactive loads or locations with under-, over-, or variable voltage. This 
inaccuracy is not likely to be very noticeable to the customer. 


In our own trial, we found that the Cent-a-Meter goes through a lot of batteries. The transmitter unit takes 
three AA batteries which we replaced every three months or so. The display unit used another three AA 
batteries which lasted about six months. The unit can also be plugged into an outlet. 


Cost 


The Cent-a-Meter is priced at US$150. Installation costs would vary with location and the contract negotiated 
between utility and installers, likely in the $75–$200 range. 


Commercial status and deployment 


As of July 2005, over 7,000 Cent-a-Meters have been installed in Australia and 4,000 in New Zealand through 
retail outlets, distributors, and utilities. Participating utilities promote the Cent-a-Meter to meet reduction 
targets for GHG and energy consumption because they find in-home displays to be a relatively low-cost but 
highly visible way to help achieve these goals. Australian utility AGL offers Cent-a-Meters from its webpage, 
while others provide links to sales channels. Market penetration is higher in New Zealand than in Australia 
partly because New Zealand’s building code allows homeowners to install the devices themselves, so 
marketing and sales are handled through retail channels. By contrast, in Australia, installation requires an 
electrician, so additional marketing and sales must be done via electrical wholesalers and contractors.  


Utilities in the two countries take different approaches. Australian utilities don’t discount the Cent-a-Meter 
from retail, so they make a slight margin. As retail electric competition increases, Whitesands expects that the 
display will be part of an incentive to switch (or stay with) electricity providers. In New Zealand, utilities sell 
the Cent-a-Meter at a significant discount from retail, so they aren’t making a profit on the product. Instead, 
the driving motivation is to create goodwill.  


NPower, a large power provider in the UK, will be offering the Cent-a-meter free to every new customer. 


A U.S. launch is planned for 2006. The Cent-a-Meter will be distributed in the U.S. through a newly formed 
Austin, Texas-based company, Cenergies. The U.S. affiliate is currently working with a Texas utility on a 
small pilot project and has received inquiries about the Cent-a-Meter from the California Public Utility 
Commission and the U.S. Department of Energy. 


EUM-2000 (Energy Monitoring Technologies) 


Description 


Energy Monitoring Technologies’ display device, the EUM-2000, displays both instantaneous energy use 
(kW) and cumulative energy use (kWh) and cost ($). It also calculates a projected energy bill and can show an 
alarm if projected monthly bill or peak demand exceeds preset levels (see Figure 2). Like most other current 
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CT-based displays, it uses only one electricity rate, and cannot show cost for TOU or CPP rates. The display 
is hard-wired to the CT and must be located near the circuit panel. 


Figure 2. Energy Monitoring Technologies’ EUM-2000 


 


The EUM-2000 uses clip-on CT sensing. The display must be located near the circuit panel because it is hard-wired to it. 


Source: Energy Monitoring Technologies 


Company and experience 


Two former utility employees founded Energy Monitoring Technologies in 2000. Based in Florida, it 
currently has 12 employees and about 10,000 devices installed. EMT sells to distributors and directly to end-
users. EMT is talking to several utilities, but has not yet sold to them.  


Installation 


Energy Monitoring Technologies suggests using a licensed electrician to install the CTs. This generally takes 
about 15 minutes. However, split-core CTs can be installed by a handyman or homeowner. The CTs are 
attached at the circuit panel.  


Differentiating features 


The EUM-2000 uses a split-core CT that measures both volts and amps, so it can measure and account for 
power factor accurately. The split-core CT has 7,500 turns and is accurate to +/- 1%. 


The EUM-2000 is most often used in the “monthly-bill projection” mode. It calculates average use/minute for 
the month-to-date and calculates the projected monthly bill. Use and cost for each of the past 60 days is stored 
and accessible. Versions of the EUM-2000 are also available for individual appliances and apartments. 
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Cost 


EMT sells a less expensive whole-house monitor package that retails at $199.50. It comes with two solid-core 
current clips and requires a wire disconnect for installation. For $275, a EUM-2000 display comes packaged 
with two split-core current clips that do not require wire disconnect for installation. An apartment version 
(one current clip instead of two) costs $175. 


Installation costs depend on local electrician costs, but are similar to other CT-based devices (about $75–
$200). 


Commercial status and deployment 


Roughly 10,000 EUM-2000 devices have been installed nationwide: 80-90% in residential applications and 
10-20% in small businesses. The EUM-2000 does not support 3-phase so there are no large commercial 
installations. 


The EUM-2000 is undergoing a redesign, estimated for release in 2006. The overhauled appearance will move 
away from the current calculator look and include a large LCD display, though no additional functionality. 
Energy Monitoring Technologies’ primary aim is to reduce EUM-2000’s price and make it easier to use. The 
display is sold online at the company’s website, and by several other distributors, including Energy Buddy, 
Promo Life, and Fuel Cell Store. 


The Energy Detective (Energy, Inc.) 


Description 


The Energy Detective (TED) by Energy, Inc. shows instantaneous kW and month-to-date kWh. It is accurate 
to within 2%. It also projects what the estimated use will be at the end of the month. It can accommodate 
some degree of programming for more complex rates (such as time-of use, but not critical peak pricing). TED 
communicates the data via powerline to the display unit, which can be moved and plugged into any outlet (see 
Figure 3). Data displayed include instantaneous use (kW and $), use today (kWh and $), use month-to-date 
(kWh and $), projected monthly bill, peak demand (kW and $), voltage (current, highest and lowest today), 
and current electricity rate. A blinking green light flashes when operation is normal. It turns yellow when 
there is a rate change and turns red when any alarm parameter has been exceeded. TED also has an alarm that 
can be programmed in various ways: if cost/hour or kW/hour exceeds the limit; if $ per day, kWh per day, 
month-to-date, or monthly projection exceeds the limit; and for low or high voltage. The alarm mode has an 
audible beep and a red flashing light. 


Company and experience 


Energy, Inc. was founded in 2002. Oak Ridge National Laboratory provided input during TED’s development. 
They participated in several meetings and offered technical advice to Energy, Inc. on design and functionality. 
By June 2005, the first units were in production. The company markets TED to utilities and home stores and 
also sells directly to consumers over the Internet. It is also working with homebuilders to get the devices 
installed in new construction. 
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Figure 3. Energy, Inc.’s The Energy Detective (TED) 


 


Among the information displayed by TED is electricity usage month-to-date and projected monthly usage. It is somewhat 
programmable for complex rates, such as time-of-use rates, but does not accommodate critical peak pricing. 


Source: Energy, Inc. 


Installation 


Like other clip-on devices, TED requires an electrician to install the CTs. Data are communicated to the 
display device over powerline. The display can be plugged into any standard electrical outlet. 


Differentiating features 


TED displays instantaneous and month-to-date energy use and cost in a single and easy-to-read display. It also 
has an audible alarm and red and yellow LEDs. TED stores two months worth of hourly readings.  


TED has more functions and is more programmable than the other CT-based displays. The user can input rate 
details, including flat fees, time-of-use or demand pricing, and taxes. Based on these data, TED can estimate 
the electric bill accurately. However, there is some discrepancy because the exact time of the utility read 
varies.  


According to President Dolph Rodenberg, future plans include being able to control loads directly from TED 
and adding communications capability so TED can display costs for dynamic pricing. TED also has a 
connection directly from the display to USB so the user can download data to a computer for analysis. 
Energy, Inc. is working with a utility meter manufacturer to have TED built into an AMR meter so that once a 
new AMR meter is installed, the TED display device can become a communication tool that allows utilities to 
initiate real-time pricing, and send load-shed signals and message alerts. 
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Cost 


TED Model 1000, which presents detailed electricity consumption information for residential or small 
business use, has a retail price of $240. The cost to the electric utility is significantly lower. Installation costs 
are similar to other CT-based devices, at $75–$200. 


Commercial status and deployment 


To date, Energy, Inc. has performed a small number of installations and claims to be working with several 
utilities in Canada and along the East Coast on potential pilot opportunities. It sells its TED Model 1000 over 
its website. 


Energy, Inc. is currently developing two additional models. The Model 5000 will be introduced as an 
enhanced version of the Model 1000, and will be able to communicate with a PC to allow for more 
sophisticated analysis and graphing of historical data, downloading rates from the Internet, and receiving 
signals/data from the electric utility via powerline carrier or RF. The TED3 is a forthcoming commercial 
model that will accommodate three-phase power (up to 400 amps). Both the TED5000 and TED3 will have 
backlit LCDs to make reading easier. They will also be able to perform load-shed functions. Energy, Inc. 
expects to release both models by the end of 2006. 


In-Home Energy Assistant (San Vision Energy Technology) 


Description 


The In-home Energy Assistant (IEA) displays real-time energy consumption and cost display and analysis. 
We have not worked with the display, but according to the manufacturer, it also has critical peak pricing and 
load management demand response functionality. It is an internet protocol (IP), broadband-enabled, two-way 
communication device that can receive metered data from any electronic meter (with an adapter) or from a 
utility server. Customers must have broadband (delivered via cable, DSL, or BPL). The IEA calculates 
consumption cost based on TOU rates and price-signaling events. 


Work on the IEA began in 2004, when San Vision Energy Technology (SVET) advised a Toronto-based 
energy company on the development of an in-home display device capable of displaying real-time energy 
consumption and cost information. A management change at the Toronto concern ended the project, but SVET 
pushed ahead on its own. In 2005, SVET expanded the IEA’s features, completing a second version of the 
product in September. The new features enable the IEA to support broadband over powerline (BPL) 
communication (via the HomePlug 1.0, which is an adapter for broadband within the house), critical peak 
pricing and load management demand response support, and broadband content support. The device, however, 
does not require a BPL network—it can also receive a broadband signal via cable or DSL. 


In information display mode, the IEA’s LCD screen displays real-time consumption (kWh/hour), month-to-
date (kWh), and cost-to-date ($) for the current billing period, in addition to current temperature, date, and 
time of day (see Figure 4). The device is configured to reset cost and kWh when the utility meter-reading date 
occurs (this programming is part of the installation process). The device also contains 32kB of flash memory 
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that allows users to keep track of a reference month, e.g., the same month a year ago or last month. Energy 
use and cost are displayed and compared to the reference month. This information is displayed graphically; 
for example, green indicates current usage at 0–60% of the reference month, amber 60–90%, and red 90% or 
more. 


Figure 4. The In-Home Energy Assistant 


 


In information display mode, the In-Home Energy Assistant displays real-time consumption (kW) and cost-to-date of the 
current billing period ($). It is also has critical peak pricing and load management demand response functionality. 


Source: San Vision Energy Technology 


A utility can signal a critical peak pricing event to an IEA over broadband. The IEA notifies the customer 
with blinking red lights, an audible alarm, and a text message on the LCD screen with details of event time, 
duration, and price. The customer presses a button to acknowledge the event. The acknowledgement is 
communicated back to the utility. If the customer does not respond during a predefined window of time, then 
a “no response” message is sent to the utility. In a similar manner, a utility can also send a forthcoming load 
management event to the IEA. When this occurs, green bars on the display blink while an alarm tone—distinct 
from the peak time alert—sounds. If customers press “enter,” they acknowledge the event and communicate to 
the utility that they are willing to participate and reduce their load by a certain amount for credit. If, however, 
they press any other key on the display, they acknowledge the transmission but signal their unwillingness to 
participate in the called event. As with the peak time alert, the alarm will continue to sound if customers do 
not respond at all. In addition to providing customers with the means to convey their intent to reduce load, the 
“return” button function provides utilities with useful benchmarking data to better understand 
acknowledgement and participation rates. 
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The IEA can be plugged in anywhere in the home and also contains a rechargeable lithium battery for back-up 
power. 


Company and experience 


San Vision Energy Technology (SVET) is a 50-person start-up company headquartered in San Diego, CA. It 
was spun off from IT outsourcing company San Vision Technology in March 2005. SVET’s marketing and 
sales division is based out of the U.S., while the bulk of its employees handle R&D and manufacturing 
responsibilities in Tamil Nadu, India. The company has two primary focuses: 1) Development and 
manufacturing of energy efficiency systems (it is the exclusive manufacturer for a patented chiller efficiency 
module for a Tier-1 HVAC company) and 2) Metering (in addition to the IEA, it has developed an AMR-
capable digital electronic meter). 


Installation 


A wall-mounted base meter is used to provide interval meter readings to the IEA in a non-AMR environment. 
The base meter senses the consumption via a CT that attaches to the incoming powerline to the home. Like 
other CT installations, this requires installation by an electrician at estimated cost of $75–$200.  


In an AMR environment, no installation is necessary if the real-time consumption data can be read from the 
utility meter data server over broadband. Alternatively, an adapter is required to enable direct communication 
between the customer’s AMR meter and the IEA. This adapter may be fitted at the factory or may require a 
retrofit. The function of the adapter is to convert the meter data to Home Plug 1.0 that can be received by the 
IEA. This adapter will not affect the behavior of the utility meter or alter its accuracy.  


Differentiating features 


The IEA can display both price and use. It is one of the only units that can verify to the utility that the 
customer has received the price signal. Both of these attributes make it suitable for demand response or 
critical peak pricing programs. 


Cost 


The IEA is currently in preproduction. SVET estimates that orders of fewer than 1,000 units would retail at 
$350/unit, while orders of 1,000–10,000 would sell for $300/unit. The IEA package includes the display, base 
meter, and home plug adapter.  


Commercial status and deployment 


SVET has not yet deployed any of its units commercially. It is currently in talks with several utilities and 
hopes to deploy pilots of over 100 units during 2006. It is also exploring integrated metering and demand 
response solutions with technology companies. 
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Units that collect data directly from the meter 
Table 3 provides an overview of currently available in-home displays that collect data directly from the 
meter.  


Power Cost Display System (Energy Control Systems) 


Description 


The Power Cost Display System (PCDS) by Energy Control Systems has two components: the transmitter and 
the display monitor. It does not use a clip-on CT, but works with the existing utility meter. The transmitter is 
a collar that sits behind the existing residential utility meter, sensing electricity consumption and sending the 
data to the display. The advantage of this approach is the display sees exactly the same data as the meter. The 
PCDS is totally invisible to any metering devices, such as AMR meters, RF transmitting systems for billing 
purposes, etc. It works with either electro-mechanical or digital meters. 


The transmitter is installed between the existing electric meter and the utility meter socket. Meter data are 
communicated by using powerline transmission protocol to the display monitor. The monitor is very simple. It 
looks a bit like a digital clock, with two function keys and a bright red LED display. It plugs into any standard 
electrical outlet (see Figure 5). It displays a conversion of the current energy usage into what the energy cost 
would be for the whole month. That is, the cost displayed is the instantaneous energy use (kW) times the cost 
(cents/hour) times 24 hours/day times 30 days/month. So, for example, a 100-watt bulb at an electricity rate of 
8¢/kWh would show up as $5.76 (100W/hr * kW/1,000W * 24 hrs/day * 30 days/mo * 8¢/kWh = $5.76/mo). 
The value displayed is thus not accurate in the sense that use is not constant for all hours of the month. Energy 
Control Systems chose this representation of cost because it is high enough to grab attention. The PCDS will 
also display power, current, and voltage. It stores no data so the system is not a threat to meter data security. 
Customers cannot compare readings to bills, so calls to utilities are minimized. 


The PCDS bases cost calculations on a flat rate. The designers state they could provide an internal clock to 
accommodate peak rate pricing into the conversion upon request. But since it has no external communications 
interface, the device could not respond to critical peak nor calculate costs for real-time rates. 


Company and experience 


Energy Control Systems is a start-up company located in Incline Village, Nevada, with fewer than 10 
employees.  


Installation 


A utility meter installer must install the PCDS since it requires removing the meter. The display monitor is 
located in the residence, and can be moved around and plugged into any electrical outlet. It communicates via 
powerline carrier with the PCDS transmitter at the meter. Installation requires only access to the meter, so 
does not require scheduling with the customer and should be easier and less costly than installing CTs. 
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Figure 5. Energy Control Systems’ Power Cost Display System with meter collar sensing  


 


The Power Display System uses a meter collar to measure consumption and transmit it to the display, which can be 
moved around the house. The display shows what energy cost for month would be if current use were constant for the 
whole month. 


Source: Energy Control Systems 


Differentiating features 


PCDS was designed for use as a means to provide direct feedback to residents, from high-end luxury homes to 
low-income housing. Its display is the simplest of all the monitors studied. It shows only the “estimated 
monthly cost,” though, as noted above, the cost displayed is not a cost a customer would actually pay, but 
rather a cost if the house ran at current state for a month.  


Cost 


The PCDS costs about $380 in small quantities. The transmitter is installed behind the meter, so it requires a 
utility meter installer. Energy Control Systems says the entire installation takes less than five minutes. 
Installation costs are included in the selling price, as Energy Control Systems will pay the utility for the 
variable cost of removing and replacing the meter. 


Commercial status and deployment 


A handful of PCDS units are installed at Southern California Edison, and a few other utilities, according to 
the manufacturer. Southern California Edison has also tested three units in its meter shop and has found them 
to be accurate within ANSI guidelines. Energy Control Systems is currently speaking to regional power 
companies about the possibility of offering the PCDS to their customers. 
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PowerCost Monitor (Blue Line Innovations) 


Description 


The PowerCost Monitor (PCM) displays energy use and cost in near real time (see Figure 6). The portable in-
home display receives a wireless signal from a battery operated optical-read sensor affixed to the outside of an 
existing household electromechanical meter. A large format display imparts real-time consumption (kW) 
information in dollars and cents for the homeowner or resident. There is a slight lag (30 seconds) in displayed 
parameters because data are sensed through the change in the spin rate of the meter disc. Time and 
temperature are also displayed. A representation of a spinning disk spins faster as electricity consumption 
increases.  


Figure 6. Blue Line Innovations’ PowerCost Monitor with optical-read sensing 


 


The Power Cost Monitor senses consumption via an optical reader affixed to the meter and transmits it wirelessly to the 
display. The display can be moved around the home. It show current cost and month-to-date cost, outdoor temperature, 
and time. The circle approximates a meter, and spins faster as consumption increases.  


Source: Blueline Innovations 


Company and experience 


Blue Line Innovations Inc. is a Newfoundland and Labrador-based firm that intends to develop other real-time 
feedback technologies to meet demand-side management objectives and save consumers money.  
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Formed in March of 2003, Blue Line has established relationships with electrical utilities and meter 
manufactures across North America. The PowerCost Monitor, their lead product, is targeted at the North 
American installed base of 70 million residential electric meters. Blue Line’s Power Cost Monitor is the 
technology used in the Hydro One pilot discussed on p. 5.  


Installation 


The PowerCost monitor is designed to be installed by the homeowner. The optical sensor attaches to the 
outside of the meter glass of the existing household electromechanical meter with a ring clamp. The sensor 
does not interfere with the ability of utility meter readers and technicians to collect information or service the 
meter.  


In usability studies conducted by Maskery Human Interaction Engineering, an Ottawa, Ontario-based firm 
hired by Blue Line, subjects rated the installation complexity of the PowerCost Monitor to be on par with 
bicycle speedometers, thermostats, TVs, and stereos. According to one customer, “It’s easier than a modem, 
more difficult than a toaster.” In the Canadian pilots, the utilities did the installation to make sure there were 
no errors. 


Differentiating features 


The PowerCost Monitor is the only in-home display designed to be installed by the homeowner or resident. In 
theory, this means individuals could purchase and install the PCM without any utility involvement. In 
practice, however, utilities do not like attachments to their meters without their approval, so it is likely 
utilities would be involved. Blue Line will also deliver PCMs to customers specified by the utility.  


The benefit of simple installation is initially very appealing because it works inexpensively with existing 
meters. Over the long term, though, we expect the optical read device, which only works with 
electromechanical meters, will have limited usefulness since utilities will be switching to solid-state meters. 
Blue Line is developing a display that is compatible with solid-state meters that the company expects to have 
ready within the next 4–6 months 


When operated in battery mode, the user can move about with the display in hand to determine the electricity 
consumption cost of household appliances and lighting fixtures located throughout the home.  


Since data are coming directly from the meter, the display accurately reflects power factor and voltage 
fluctuations on energy consumption. 


Cost 


The PowerCost Monitor sells for $150. If the customer installs the optical reader, there are no installation 
costs. 


Commercial status and deployment 


Nearly 900 PowerCost Monitors are deployed for evaluations at four Canadian utilities (Hydro One, BC 
Hydro, Newfoundland Power, London Hydro) and Town of Torbay. Blue Line is also planning pilots with the 
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National Rural Electric Cooperative Association (150 units) and a U.S. investor-owned utility. Blue Line 
anticipates significant deployments, largely in Canada, on the order of tens of thousands of units, in 2006.  


In addition, AMI and solid-state compatible displays are under development with product launches planned 
for 2006. 


Units integrated with AMR / AMI systems 
Table 4 provides an overview of currently available in-home displays that are integrated with AMR/AMI 
systems.  


EMS-2020 (USCL) 


Description 


The EMS-2020 is a portable display monitor that works with a Landis+Gyr Focus meter with a USCL 
communications chip under glass. The display and meter work together so this display requires meter 
replacement. The EMS-2020 display monitor looks a bit like a TV remote control, with the addition of a full 
color screen (see Figure 7). The monitor communicates wirelessly with the metering system. In the optimal 
configuration, according to USCL, the meter and display unit are part of an integrated utility communications 
infrastructure, or AMR/AMI network. 


Figure 7. USCL’s EMS-2020 


 


USCL’s EMS-2020 is part of an advanced metering infrastructure system. The display communicates with the meter, 
which in turn has a full two-way communication with the utility. The unit will match the utility bill exactly and can handle 
critical peak or other dynamic pricing. The display is color and can present graphics.  


Source: USCL 
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The EMS-2020 display gets data directly from the meter and is programmed with all components of the utility 
tariff. Because the meter has two-way communication with the utility, it can accurately show energy costs on 
a critical peak pricing tariff. It is the only display that reportedly presents costs that will match the utility bill 
exactly. The EMS-2020 can project a monthly bill based on use-to-date and current use. Its budget feature 
allows the customer to set a monthly dollar budget. An alarm sounds when use is predicted to exceed budget. 


For geographically dense areas, the AMR/AMI network can be a fixed radio frequency. For less dense areas, 
USCL uses a powerline carrier technology. In either case, many additional AMI functions such as remote 
disconnect, tamper/theft detection, outage reporting, and meter reading are also available.  


The EMS-2020 and Focus meter combination can be used without the full AMI network, as a stand-alone in-
home device. In this configuration, however, the EMS-2020 would not have two-way communications 
between meter and utility, so would not be able to show costs for dynamic rates. 


Company and experience 


USCL is a metering and communications company located in Sacramento, California. President Tom 
Tamarkin has long been involved in the areas of AMR and information display and in 1990 formed TAMAR 
Corporation, an early AMR vendor. In 1992, Tamarkin wrote an article in Public Power that was one of the 
first to posit information display to customers as a potential benefit of AMR: “Utilities can enhance customer 
relations by selling internal display units to customers that provide up-to-the-minute monitoring of power 
consumption, in dollars and cents. This can be used as an energy management tool and allows customers to 
verify and reconcile bills.” USCL has a partnership with an AMR company, Arad Technologies of Israel, for 
collecting data from electric, gas, and water meters. This partnership gives USCL the ability to integrate a 
wide-area or fixed AMR network into their product offering.  


Installation 


The EMS-2020 is part of a system that includes a new meter and RF wireless communications between the 
meter and the display unit. Once the advanced metering is in place, the EMS-2020 communicates wirelessly 
and requires no installation. However, the underlying meter with a chip that communicates with the EMS-
2020 as well as the AMR/AMI network requires utility purchase and installation. 


Differentiating features 


The EMS-2020 is the most complex in-home display device we encountered. Its full color screen shows bar 
graphs of energy use. The user can choose from dozens of screens. The most unique feature is that the 
calculation of the energy cost will match the utility bill exactly, since all tariff components are programmed 
into the EMS-2020. In fact, USCL says the utility could actually implement “subscriber-side billing”—in 
other words, calculate the bill at the home or business, even for advanced variable rate structures, and send the 
bill, rather than just billing determinants, back to the head office. 


The USCL system has features beyond the in-home display, such as meter reading, outage reporting, and 
tamper detection in real time. It can support remote disconnect of service with an additional contactor module. 
It can also collect data from gas and water meters, all of which can be displayed on the EMS-2020. 
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If the utility chooses not to implement a full AMR deployment, it can still leverage the EMS-2020, but that 
will require installing a new meter, since the meter is the data collector for the display. As noted above, 
without a communication path between utility and meter, the meter/display will not be able to accurately 
reflect energy costs during critical peak times. 


Cost 


The cost of the EMS-2020 and whole USCL system is dependent on scale. In small quantities (on the order of 
400) the cost for the meter and EMS-2020 is about $250 per home. In quantities of 10,000, USCL projects 
costs at about $175 per home. Costs for an RF network range from $10-30 per meter, depending on geography 
and density. 


Installation costs are the utility electrician’s time for a few minutes to replace the meter. 


Commercial status and deployment 


USCL reports that Southern California Edison and the County of Los Angeles will be deploying 350 EMS-
2020s in five housing developments in 2006. The company is also engaged in exploratory talks with 
NYSERDA and ConEd. 


EcoMeter (Ampy Email Metering—part of the Bayard Group)  


Description 


Ampy’s EcoMeter is an in-home display device that is part of an AMI system. The EcoMeter has a 4” square 
screen that shows current electricity, gas, and water usage and corresponding cost; and greenhouse gas 
emissions. It also shows current electricity prices. Past week and month data are also available. Different 
color lights indicate off-peak, shoulder, peak, and critical peak times. The EcoMeter can also be part of a 
prepayment system. The EcoMeter can receive and display data from gas and water meters, so customers can 
see all utility use information in one place. 


The EcoMeter also calculates how much a customer will spend in an hour if consumption continues at the 
current demand level. This allows a customer to see the financial impact, positive or negative, of demand 
changes (i.e., if air conditioning is turned off). When the meter is read remotely by the utility a message can 
be sent to the EcoMeter indicating the precise bill amount (and the various components that comprise the 
total).  


The display device receives radio frequency or PLC-based messages, so it can be used anywhere in the house. 
It also receives price signals, so it can be used with critical peak pricing.  


AMPY is also making a stand-alone version of the display (without communications or AMR), which could 
be sold as a “consumer item” by the utilities as part of an energy-saving initiative. The device would work 
with AMPY Email meters. A small RF transmitter module would attach magnetically over the meter's optical 
port and would read the meter’s registers and communicate this information via RF to the in-home display. No 
complicated commissioning or installation is required.  
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Company and experience 


The EcoMeter is manufactured, sold, and supported by Ampy Email Metering, a member company within the 
Bayard Group. The company is dominant in both Australia and the UK metering markets (approximately 70–
80% and 40% market share, respectively) and was acquired by private investment firm Bayard Group in 2003 
for US$40 million. Bayard also purchased Swiss-based meter manufacturer Landis + Gyr in 2004 and is now 
the largest electricity metering company in the world. It plans to exploit its market size and global strength to 
drive advanced/smart metering. 


Installation 


With an Ampy email meter in place, EcoMeter installation is as simple as plugging the device in. There are no 
additional installation costs.  


Differentiating features 


The EcoMeter displays information in a straightforward manner. There are separate buttons for energy 
(electricity and gas), water, greenhouse gas emissions, and comparison graphs (which display cost and energy 
for today, week, month, and year). Thus, the user has only to push a button, rather than learn a series of 
buttons and display sequences, to view data. (see Figure 8) The EcoMeter is also quite versatile: It can 
display real-time energy use and cost, as well as current cost via easy-to-understand colors. EcoMeter can be 
an add-on to an existing AMI system. In Australia, Ampy’s high share of the metering market gives it the 
potential to expedite sales and deployment of the EcoMeter. 


Figure 8. Ampy EcoMeter 


 


Ampy Email Metering’s EcoMeter features separate buttons that display energy (electricity and gas), water, and 
greenhouse gas emissions. Comparison graphs also convey daily, weekly, monthly, and yearly cost and energy use. 


Source: Ampy  
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Cost 


Ampy Email expects to retail its EcoMeter at about US$55. Ampy is working with Landis + Gyr North 
America on a plan to roll out the EcoMeter in the U.S. and Canada by mid-2006. 


Commercial status and deployment 


Ampy Email initially developed the EcoMeter for the Australian market. Australia faces fairly significant 
supply and network electricity constraints. Officials expect base load to grow an average of 2.2% annually, 
and for peak load growth to progress at a 3% yearly clip. Consequently, state governments are in various 
stages of considering smart metering to ease congestion. To date, a number of geographic regions have either 
embarked on or announced plans to roll out smart meters (defined as an interval meter only—not necessarily 
communicating) to customers. Victoria has mandated 100% deployment of smart meters to large businesses 
by 2008 and all customers by 2013. Energy Australia, a large New South Wales utility, has voluntarily begun 
smart meter implementation. Other major utilities have undertaken business cases to assess AMI investments. 


Country Energy, outside of Canberra, in partnership with Ampy Email and Bayard, is currently running a 
“Home Energy Efficiency Trial” (HEET) to better understand customers’ willingness to change their 
consumption patterns based on information awareness. Begun in December 2004, HEET incorporates four 
electricity prices (8¢ off peak, 12¢ shoulder, 17¢ peak, and 37-38¢ critical peak) that are communicated to 
trial participants over powerlines via 200 of Ampy’s first-generation in-home displays. Results have been 
encouraging, including a 30% reduction in demand during critical peak events—though only two 1.5-hour 
CPP events have been called, positive customer reception, and bill savings averaging $20 per month. 


Ampy Email is participating in a second trial with another utility commencing in December of 2005 that will 
include 1,300 participants and incorporate TOU and CPP rates. Ampy plans to announce additional details 
about this second trial. 


Customer Interface Display (DENT Instruments) 


Description 


The Customer Interface Display (CI) is a simple unit that communicates with the utility and displays energy 
feedback and other information. It is being used as part of a prepayment pilot at Tacoma Power, which has a 
hybrid fiber/coax broadband connection to each house. The meter is connected to this network, so the utility 
can get data from the meter at any time. The display is connected to the utility via powerline carrier 
technology that links to the fiber/coax broadband. The user calls up information by scrolling through a list of 
questions such as “What is my present usage?”; “What was my usage a month ago? (or last year?)”; or “What 
is my account balance?” The user presses a button at the desired query and the CI sends a signal to the utility 
server and then displays the response. The CI device itself has little intelligence. It acts as both a web server 
and web client. The queries themselves reside not on the CI device, but on the utility server. This feature 
makes it easy for the utility to change or add queries for all customers without having to reprogram individual 
devices. Typical displays are amount remaining ($ and time remaining), current use (kW and $/hr), 
yesterday’s use (kWh and $), last 7 days’ use, and last 30 days’ use. 
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The CI display relies on a broadband network, such as Tacoma’s fiber network, to be able to read the meter at 
any time. DENT Instruments says it could incorporate a wireless receiver into the CI display to replace the 
powerline communication. However, there would still need to be some kind of always-on network between 
the utility and the meter to read the meter.  


The CI Display also has two LEDs that a utility can turn on or flash to indicate a new message or other 
account information, for example that the account is running low (see Figure 9). For a critical peak pricing 
tariff, the LEDs could indicate price signals. The utility also has control over the display so that the LEDs 
could be used to alert the user of a new message, such as a price change, the text of which would then be 
shown in the display. 


Figure 9. Dent Instruments’ Customer Interface Display 


 


The Customer Interface Display is being used in City of Tacoma’s Pre-Pay Metering (PAYGo) program. The device 
displays amount remaining ($ and time remaining); current use (kW and $/hr); and yesterday’s, last 7 days’, and last 30 
days’ use (kWh and $). 


Source: Dent Instruments 
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Company and experience 


DENT Instruments, formerly Pacific Science & Technology, is a manufacturer of equipment for electronic 
data acquisition, storage, analysis, and presentation with clients in all 50 U.S. states and over 30 countries. 
DENT is headquartered in Bend, Oregon. 


Installation 


The CI Display plugs directly into a standard electrical outlet and requires no special setup. The intelligence 
resides in the utility server, so the utility simply programs functional queries at the server end. Once the CI 
Display is plugged in, the user presses the up or down arrow keys to display queries and send to get an 
answer.  


Differentiating features 


The CI Display is versatile in that it can display any message from the utility. The device itself communicates, 
but queries are stored/generated at the utility server. It can easily support multiple languages. When the utility 
wants to make more information available to the customer, a new query is added to the scroll list. The CI 
Display requires meters connected to the utility via a two-way, always-on connection. 


Cost 


The CI Display device costs ~$250. There is no installation cost for the CI Display, since it just plugs in.  


Commercial status and deployment 


DENT Instruments is working with the City of Tacoma’s Pre-Pay Metering (PAYGo) project. Tacoma has a 
citywide fiber/coax network and is replacing all meters with network-interface meters. Tacoma can remotely 
read the meters, connect/disconnect power, and perform other functions over the fiber network. For the 
PAYGo program, Tacoma needed a way to let customers see how much power/money they have left on their 
accounts. DENT Instruments developed the Customer Interface Display for this purpose.  


The technology developed uses TCP/IP protocol over power-line carrier communication. However, it could 
also be used with a wireless 802.11x “Wi-Fi” network, including one that is city wide—much like those being 
either considered or run by San Francisco and Philadelphia. 


The display technology also has application as part of a stand-alone pre-paid metering system where the CI 
Display Device communicates over the building wiring to an electronic meter that has no other connection to 
the utility (e.g., the DENT PowerPal system). In this situation the electronic meter acts as the data server and 
contains information such as current energy use, historical use, pre-pay account information (if applicable), 
and so on that the occupant could access. 
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PowerStat (DCSI) 


Description 


The PowerStat IV is a complete standalone prepayment metering system (see Figure 10). It consists of a 
special function meter and disconnect sleeve that communicates with an in-home display device via powerline 
carrier technology. The display shows the current cost of electricity; the current rate of use; cost of electricity 
for previous day, week, and month; and amount of credit remaining in the account. These are typical values 
displayed with prepayment metering systems. 


Figure 10. DCSI’s PowerStat IV Display 


I  


The PowerStat IV is standalone prepayment metering system. It consists of a special function meter and disconnect 
sleeve that communicates with an in-home display device via the powerline. 


Source: DCSI 


CIC Global, which developed the PowerStat, was acquired by DCSI in 2004. In 1995, CIC Global worked on 
a pilot project with PacifiCorp to provide in-home display of electricity use and cost to about 50 customers. 
The display device, called the EM-1, was similar to the prepayment display except that it worked with the 
standard utility meter. It also had LED indicators that would light during peak rate, when the customer was 
under load control, or when it was projected that the customer would exceed monthly budget. The system used 
Metricom communications. 


According to Ken Anderson, who managed the in-home monitoring program for PacifiCorp, the system 
worked well. Only 50 were deployed because it was part of a larger AMR project that ultimately did not go 
forward. The key was to get customers to position the units for easy viewing. To accomplish that meant 
making them useful to the customer—and useful to the customer meant that they needed to convey more than 
just electricity use. Had the program continued, Anderson would have had the displays show temperature and 
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time. The displays always had the right time because they were synched with the communications network 
time. He also found that making the displays fit into the existing décor was important and was working on 
customized faceplates that included several colors and a clear option that could hold a photo. 


DCSI is currently developing an in-home display device—The PowerStat In Home Display—that will 
communicate using the company’s AMR/AMI system, the Two-Way Automatic Communication System, or 
TWACS. This product will leverage the experience from projects such as the EM-1 and will show daily and 
monthly energy use and cost, be able to receive demand response or other messages (utility can send either 
single point or broadcast), and will have the capability to illustrate real-time information (this feature, 
however, requires a modified meter). 


Company and experience 


DCSI, a provider of AMR and load control using powerline communication technology, acquired the 
intellectual property of CIC Global in July 2004. DCSI is currently working on ways to incorporate 
prepayment and in-home display technology within their AMI system. The PowerStat IV standalone 
prepayment system continues to be offered and supported by DCSI. The soon-to-be-introduced TWACS 
PowerStat In Home Display will support prepayment, regular billing, demand response notification, and 
general customer messaging. 


Installation 


PowerStat IV installation requires meter replacement. 


The TWACS PowerStat In Home Display will plug directly into the wall and communicate via TWACS 
powerline communications. It will work with existing TWACS AMI systems. 


Differentiating features 


The TWACS PowerStat works with any existing TWACS-equipped meter. It was designed so utilities with 
TWACS don’t have to replace the meter or make other changes. However, it displays daily data, so cannot 
provide real-time feedback. 


Cost 


The PowerStat IV standalone prepayment system, which works only with a replacement meter, costs 
approximately $450. The TWACS PowerStat In Home Display is expected to debut during Q1 of 2006 and 
retail for approximately $100. 


Commercial status and deployment 


The PowerStat standalone prepayment system is currently installed in 30,000 endpoints at over 25 utilities. 
The TWACS AMI system is installed at 200 utilities. DCSI expects to have the TWACS PowerStat In Home 
Display available for purchase by mid-2006.  
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Other In-Home Displays of Interest 
Other in-home displays that could potentially show real-time electricity use and cost are in varying states of 
development. Some are purely conceptual at this point, while a few have been developed for the water market. 


d.r.e.a.m. (UC Berkeley) 
Researchers at the University of California at Berkeley are developing a set of Demand Response Enabling 
Technologies (DRET). The research is being sponsored by the California Energy Commission’s (CEC) Public 
Interest Energy Research (PIER) program. The Demand Response Electrical Appliance Manager (d.r.e.a.m.) 
device is one aspect of this research. Although still largely conceptual in form, project lead Therese Peffer 
envisions the d.r.e.a.m. console serving as the central control system and user interface for DRET 
technologies, communicating pricing and usage information while simultaneously allowing a user to adjust 
thermostat setpoints for comfort.  


The primary emphasis of the d.r.e.a.m. device is to develop an effective method to communicate electricity 
cost and consumption information to aid energy users in decision making. To date, the research has produced 
a rudimentary prototype with wireless system, indoor sensors (including motion, temperature, relative 
humidity, and power), and outside weather station all hooked up to a home PC. The design for the display has 
multiple touch screen tabs that relate daily and monthly projected cost and usage data, graphs of electricity 
use broken out by appliance and price period, programmable electricity use settings, utility text messages, and 
a screensaver for improved aesthetics (see Figure 11). A built in audio speaker sounds alarms.  


Figure 11. The Demand Response Electrical Appliance Manager (d.r.e.a.m.)  


 


Still a work in progress at UC Berkeley, a conceptual version of the d.r.e.a.m. device has multiple touch screen tabs that 
relate daily and monthly projected cost and usage data, graphs of electricity use broken out by appliance and price 
period, programmable electricity use settings, utility text messages, and a screensaver for improved aesthetics. 


Source: University of California Berkeley 
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The team is presently testing an in-house network that has wireless sensors and actuators. The network would 
be one-way or two-way capable, allowing utilities to send price signals and consumers to provide usage 
information.  


During spring 2006, the interface will be tested and more functionality will be added. Possibilities include 
modulating setpoints to account for outdoor temperature or wind and broadcasting text messages when 
opening windows would be a good alternative to running air conditioning. The researchers plan to test the full 
system in six houses in the summer of 2006.  


The overall DRET research is geared towards designing and developing enabling technologies for future, 
mainstream use. As such, the d.r.e.a.m. device is not expected to be commercialized in the immediate future. 
Estimated device costs will not be assessed for at least another year or so.  


For more information: http://www.sims.berkeley.edu/courses/is213/s05/projects/thermostat/. 


Conservation Station (Itron)  
Itron is a major provider of AMR networks, both fixed and mobile. It has developed an in-home display called 
the Conservation Station. Itron does not currently market the Conservation Station and declined to discuss 
specifics, citing a competitive market. We gleaned some information from Bob Blaveldt, Customer Service 
Field Manager at the Denver Water Department (DWD), who oversaw a trial run in 2004.  


Itron’s Conservation Station device is primarily designed for water applications, but it could be adapted to 
accommodate electric and gas markets (see Figure 12). The small display unit allows customers to view both 
current and projected water use. The device assumes flat rates. If the rate changes, the device needs to be 
reprogrammed. 


The Conservation Station receives readings from an AMR device by radio frequency. The AMR transmits 
readings every 3 seconds to the display. An embedded chip in the display stores readings every 15 minutes, 
making it possible for Itron, and conceivably utilities, to analyze customer consumption patterns and more 
easily identify the possibility of a leak or excessive usage. The device plugs into a standard outlet. Depending 
on the distance between the meter and the display, the Conservation Station may need a signal repeater to 
obtain the radio frequency signal from the water meter. A few field trials have tested the signal repeater. The 
Denver Water Department (DWD) trial, which ran from February 10 to August 23, 2004, was comprised of 45 
volunteer residential customers on the same billing cycle. The in-home displays were programmed with block 
rate structures to allow the device to calculate gallons used and estimated projected bill. In addition to use, the 
display showed the water rate block price, which depended on water use. The Conservation Station devices 
did not have two-way communication capability. The Conservation Station estimated bill did not match the 
actual bill because it did not include customer charges, taxes, and the like. To get the closest match possible, 
the customer would need to know exactly when the utility was reading the meter and press “reset” on the 
Conservation Station.  
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Figure 12. Itron’s Conservation Station  


  


Itron’s Conservation Station is designed for water applications but could be adapted to serve the gas and electric 
markets. As constituted, the small display unit allows users to view current and projected water use. 


Source: Itron 


Most participants in the DWD trial reported that once they understood the number of gallons they used for 
different appliances/activities—this took about two months—that they rarely looked at their Conservation 
Station unit again. Participants did save water, but not significantly. In fact, some people used more water 
because they had not realized how inexpensive it was. Separately, some customers complained about the 
device’s plug-in requirement because they didn’t have an available outlet in their kitchens, the preferred room 
in the house for keeping the display.  


Bob Blaveldt suggests that, based on customer feedback regarding their willingness to pay, a commercialized 
Conservation Station device could retail for approximately $50. If the DWD pursued deployment, he 
estimates the utility could conceivably buy the units at cost and offer customers a rebate of upwards of 50%. 


Energy Monitor (Whirlpool) 
Several years ago, Whirlpool built a fairly expensive in-home display prototype called the Energy Monitor 
(EM). It collects and stores whole-house electricity usage in real time. The Energy Monitor is a standalone 
device that runs Windows CE on an industrial type monitor. A 12” touch screen allows users to see a variety 
of information (e.g., a particular bar graph denoting kitchen appliance usage broken out). Data are collected 
from the circuit breaker panel via hard-wired instrumentation. Rather than use a single, whole-house CT, 
Whirlpool collects data on individual circuits. 
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The device was used for a small energy visibility and monitoring research pilot conducted in late 2003/early 
2004. Whirlpool input specific electric rates to allow users to see energy use and cost. The six homes that 
participated in the pilot could sign up for time-of-use rates, and the Energy Monitor could calculate off- and 
on-peak costs. The EM did not project future use or monthly bills.  


The pilot showed that appliances do not use as much electricity as most people think—closer to 20%, as 
compared to an expected 35%. Another interesting finding was that people didn’t want to go to their 
computers to monitor their houses. They preferred a screen mounted on the wall, like a thermostat, or perhaps 
anticipating plasma TVs. The monitoring device became an integral part of the house—its control panel. 


Whirlpool does not sell the Energy Monitor and does not plan to do so. However, it is working with a third 
party that is developing a whole house monitor. The device is expected to retail at $200–$300 and to have 
greater versatility such as bill projection. The new unit will not break down appliance usage like the demos 
previously constructed by Whirlpool.  


A future selling strategy might include packaging energy-efficient Whirlpool appliances—most are 
EnergySTAR compliant—with the electricity monitor for new home construction.  


ORION Water Meter Monitor (BadgerMeter, Inc.) 
The ORION Water Meter Monitor is an adjunct to the ORION water meter and AMR system. It was 
developed in 2003, in response to requests from the cities of Aurora and Arvada, Colorado. At this time 
Colorado was in the throes of a multi-year drought and the cities wanted an in-home display device that could 
put water usage and billing information into the hands of their customers.  


The ORION Water Meter Monitor is a remote receiver and display that allows consumers to view their water 
use. It receives RF signals sent from the ORION transmitter, which is part of the AMR system. It works with 
any water meter connected to an ORION AMR transmitter. The customer can program two separate time 
intervals for monitoring data (e.g., one interval could be the current month or billing cycle, the other might be 
one day in which a lawn is being watered). 


The unit includes a receiver, LCD display, push buttons for instantaneous meter reading or use over specified 
time intervals, and a battery (see Figure 13). It also contains an optional leak detection alert that triggers a 
flashing red light if there is continuous consumption for 24 hours. Leak detection is valuable for water 
utilities. According to Cliff Deeds, Arvada’s transmission and distribution superintendent, 90% of the 300 to 
400 high bill complaints he receives each year are due to toilet leaks. 


The display presents system information, meter readings, interval readings, and meter serial number. In 
general, the device only displays water usage in gallons; it does not provide price. BadgerMeter opted to 
provide limited functionality in order to keep the price of the unit low. To estimate cost, customers refer to 
water consumption and rate tables provided by the utility and do the math. The battery-powered in-home 
display can be located anywhere indoors, within several hundred feet of the water meter. It contains a magnet 
built into the case, so it can be attached to the refrigerator door. 
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Figure 13. The BadgerMeter’s ORION Water Meter Monitor 


  


The ORION Water Meter Monitor, which works with the ORION AMR system, displays water use during defined time 
periods.  


Source: BadgerMeter 


After approximately two years of collaboration between BadgerMeter and the cities of Aurora and Arvada, the 
device was released nationally to utilities in February 2005. For Aurora’s small businesses and residents, the 
unit costs $50. The city supplies a $30 water conservation rebate. The City of Arvada, meanwhile, whose 
units include the added internal leak detection feature, pays $65 per unit. It charges its small businesses and 
residents a $20 deposit fee per display, which it will return to customers whenever they return their units. 
Only one business has reportedly returned a unit.  


Of the 72,000 homes and small businesses within Aurora’s service territory, 12,000 are outfitted with water 
meter reading systems capable of working with the in-home display. About 1,500 of these have the monitor. 
Over the next five years, Aurora plans to upgrade its entire water meter reading system to the ORION 
transmitter so that it can work with the monitor. Of Arvada’s 34,000 customers, 4,500 are on the ORION 
AMR system that is compatible with the Water Meter Monitor, but approximately 300 of the monitors have 
been deployed in the field. Like Aurora, over a six year period, Arvada plans to phase out its older 
transmitters and refit them with the ORION transmitter.  


Anecdotally, both Aurora and Arvada officials claim customers have become more water conscious and 
efficient as a result of the Water Meter Monitor. It will, however, be another year or two before they can 
perform a solid evaluation with quantifiable data. Still, officials assert that economics are driving behavioral 
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change. Every customer in Aurora and Arvada is on a variable three-tier monthly water budget based on 
historical usage per thousands of gallons. If customers exceed their monthly allotment, they automatically 
jump to a higher price category. Customers revert to the lowest tier rate at the start of each month. 


BadgerMeter reports that it has shipped approximately 5,200 units since the device’s release in 2005. Beyond 
the cities of Aurora and Arvada, other utility customers include Fresno Water Department, the city of 
Lynchburg (VA), and Three Lakes Water District (WA). According to Dennis Webb, VP Sales/Marketing and 
Engineering at BadgerMeter, the ORION Water Meter Monitor could be adapted to other markets, though this 
is not a primary focus for the company. Badger currently makes an AMR solution for both water and gas, and 
provides a meter only for the water sector. It has partnered with powerline carriers DSCI and Hunt who have 
incorporated ORION receivers into their equipment.  


For more information: http://www.badgermeter.com/pdf/orion/tech/ori-t-43.pdf. 


Tempo Program (Electricité de France) 
In France, state-owned Electricité de France (EdF) has offered the Tempo tariff, a time-of-use rate with three 
different day types, since 1995. The year is divided into 300 low-cost “blue days,” up to 43 average “white 
days,” and up to 22 expensive “red days.” Each day is further divided into peak and off-peak periods. All told, 
there are six different kWh tariff prices. The prices for 2005, fixed in the Tempo tariff, are shown in Table 5. 


Table 5. Electricité de France’s Tempo tariff  


 Blue days (≥300) White days (≤43) Red days (≤22) 


Off-peak (euro/kWh) 0.0446 0.0907 0.1682 


Peak (euro/kWh) 0.0553 0.1075 0.4702 


The Tempo tariff divides the year into three periods, each with a peak and off-peak rate. Prices include taxes. 


Source: Electricité de France 


Selection of blue, white, and red days occurs based on temperature, weather, and wholesale prices, and is 
made a day ahead of time. Red and white days can be called weekdays between November and March. 
Weekends and public holidays are always blue days, as are all days April through October. (France is winter 
peaking.) Customers learn what color day it is by a signal sent to an in-home display unit. The signal is sent 
the day ahead from a central point down the network via powerline or RF ripple control system to a solid-state 
meter at the customer’s home. The meter is programmed to bill according to the tariff. It is usually connected 
to a water heater control and output that can be directed to a more sophisticated energy management system. 
EdF has over 10 million solid-state meters (about a third of the total number of the country’s meters). 400,000 
of these are Tempo meters, a fraction of which are equipped with optional in-home displays.  
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EdF’s smart meter works with several optional displays that can be used in the Tempo tariff program. They all 
meet the same functional requirements but offer slightly different designs. All three displays are provided by 
EdF free of charge and need only be plugged into a wall outlet to commence operation. They provide users 
with the color of the day, the color of the next day, and a summary of what happened previously.  


The Sagem B600 display, one of the three designs, has a series of indicators that convey current and next 
day’s color-coded tariff rate, peak and off-peak status, device status (i.e., whether it is on or disabled from 
participating in tariff communiqués), and an alarm to alert users of an impending red day (see Figure 14).  


Figure 14. Sagem B600 Tempo Home Tariff Indicator 


 


The Sagem B600 unit is one of three optional in-home displays EdF provides, free of charge, to its Tempo tariff 
subscribers. 


Source: EdF 


Tempo subscribers are informed either via their in-home display, telephone, or email of the color of the next 
day. Also, users can register to be alerted by short message service (SMS) text messaging about a forthcoming 
red day. 


EdF officials regard the utility’s suite of demand response programs, of which Tempo tariff is a part, as a 
success. Through these offerings, EdF has been able to flatten its load curve and shave winter peaks in both 
the mornings and evenings. However, according to Anne-Lise Didierjean, Project Manager at EdF, many 
customers typically have not taken full advantage of the program. They signed up for the tariff in response to 
marketing, but do not react to the different days and tariff pricing mechanisms. These customers tend to either 
not fully understand the program’s structure or to stop responding to the Tempo rate after a few months. 


EdF is not presently enrolling any new customers in the Tempo tariff; it is only supporting current 
subscribers. New regulations implemented during the summer now allow the utility to provide greater services 
in gas, water, and electricity that go beyond the meter. As a result, EdF is revising its business processes, 
which includes considering the design of an infrastructure capable of supporting AMR and price signaling.  


EdF is looking into offering newer, user-friendly devices that include LCD screens that convey energy usage 
and cost. It intends to run a small technical pilot by 2007. 
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To view the EdF Tempo Tariff website (in French only): http://particuliers.edf.fr/article482.html. For further 
information on the Sagem B600: http://www.sagem.com/index.php?id=145&L=0 . 


Experimental/Research Technologies 
A number of for-profit companies and university labs have developed both commercialized and conceptual 
products that offer innovative information display alternatives. These largely experimental units often 
incorporate calm or ambient technologies to trigger peripheral human awareness in a non-intrusive and non-
exclusive manner. Below is a sampling of these products. 


Violet Company Product Line  
A French company named Violet bills itself as a smart object company that develops products and services 
based on calm and emotional technologies. Founded in 2002, the small design shop has manufactured a 
number of innovative products that could conceivably be adapted to work within the electricity arena. The 
company’s main product line, briefly described below, is flexible, portable, and engagingly playful.  


For more information on Violet, see http://www.violet.net/index_us.jsp . 


La Lampe Dal 


The Dal Lamp is an intelligent object that is wirelessly connected to the Internet (see Figure 15). It can 
receive messages sent via email or telephone, which are broadcast as customized colored animations. Dal can, 
for example, communicate the weather, the stock market, traffic conditions, or receipt of an email from a 
loved one by changing colors that correspond to the user’s preprogrammed preferences. The lamp can also be 
personalized to react to noise in a room or to show ambient animation created by digital artists. 


Figure 15. Violet Company’s La Lampe Dal 


 


La Lampe Dal communicates the weather, the stock market, and traffic conditions and other information by changing 
colors that correspond to the user’s preprogrammed preferences. 


Source: Violet 
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Wi-Fi Plastic Bunny (Nabaztag) 


This 10-inch Wi-Fi-enabled plastic Nabaztag bunny (Nabaztag is the phonetic English spelling of the 
Armenian word for bunny) is a smart object that communicates a variety of messages to its users by wriggling 
its ears, singing, talking, and lighting up its body with a hundreds of colors (see Figure 16). The rabbit can 
transmit messages, music, MP3 files sent to it via the web, text messages, phone, or email.  


For example, the Nabaztag bunny can be programmed to flash colors across its body coded to weather 
forecast (e.g., yellow is sunny, blue is rain, red is hot, etc.). It can also be programmed to speak the time, 
temperature, and weather forecast at a specific time of day, much like an alarm clock. Separately, friends can 
send MP3 digital music files or voice messages and transmit them to a Nabaztag. It is fairly easy to see how 
all of the above schemes could be adapted to convey electricity prices and usage. 


The device is always connected to the Internet. Users must have a Wi-Fi access point and a permanent cable 
or DSL internet connection. A dedicated website (www.nabaztag.com) allows users to register their devices 
and select the services they want. The Nabaztag bunny costs 95 € (euros). 


EdF has an R&D project looking at using the Nabaztag bunny to convey price signals. Some ideas they are 
considering are having the bunny turn red for excess electricity use, green if the central heater requires 
maintenance, blue in the event of a water leak, and yellow if your EdF representative wants to call you.  


For more information: http://www.nabaztag.com/vl/FR/qui_est_nabaztag_eng.jsp. 


Figure 16. The Wi-Fi-enabled plastic Nabaztag bunny 


 


The Nabaztag bunny is a smart object that communicates a variety of messages, such as the weather, to users by 
wriggling its ears, singing, talking, and lighting up its body with colors. EdF is considering using the bunny for price 
signals. 


Source: Violet 
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Le P@d Osmooze 


The Pad diffuses perfume when it registers that the owner has received messages—either via email, mobile 
phone, or SMS text message (France-only)—from specific people. The Pad owner configures the device to 
recognize desired people/sources, and also programs the diffusion force and time depending on the nature of 
the message received. The device currently includes one diffuser and five perfumed cartridges (citronella, 
juniper, lavender, ylang ylang, and tangerine). Violet states that forthcoming functionality will allow users to 
attach scents to stock market change, weather forecasts, traffic congestion, and more. This device could run 
into trouble in Boulder and California where some public spaces designate “fragrance-free” zones. Someone 
eating lunch at their desk could mistakenly “send” a nearby co-worker a Stage-2 alert. 


Informative Art Project (Viktoria Institute) 
The Informative Art research project is driven by the Future Applications Lab at the Viktoria Institute, in 
Götenborg, Sweden. It has developed a variety of visual displays that integrate modern art forms to provide 
users with peripheral information in a simplified manner. The Informative Art project has not, to date, 
installed any of its creations beyond several experimental pilots run within its own lab and at nearby offices. 
It was in contact with the Swedish Energy Commission about the possibility of using some of its devices as 
energy awareness displays. The Commission, however, decided to fund the Interactive Institute’s Static! 
project instead (see below) and talks came to a halt.  


Several prototypes could perhaps be adapted to convey useful electricity sector pricing and/or usage 
information to consumers. For more information: http://www.viktoria.se/fal/projects/infoart/index.html.  


E-Mail Composition 


The E-mail Composition prototype incorporates elements of a Mondrian work of art to convey the level of 
email traffic within an office (see Figure 17). The visual display relates colored squares. Each square 
represents a person in the office. The size of the square grows and shrinks according to the aggregate level of 
email activity incurred over the last several days. The different colors indicate the level of recent activity 
(e.g., red mean a person was involved in email activity during the last hour, yellow means some time has 
passed since the last registered activity, and blue means email unchecked over the last day). 


It is conceptually fairly easy to recognize how the email composition prototype could be adapted to portray 
whole-home electricity appliance use. Instead of representing people, the squares could depict appliances 
while the colors and sizing could correspond to electricity expenditures and activity. Background color could 
represent electricity cost. Implementation would obviously be challenging. 


Motion Painting 


This visualization presents a recent history of activity level in a room. A web camera continuously records 
movements within a room which are then translated to an electronic display. The display projects vertical 
stripes of color to indicate a specific activity level. The color represents a particular activity level, while the 
width indicates the duration (see Figure 18).  
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Figure 17. Informative Art Project’s E-Mail Composition prototype 


  


The Mondrian email composition prototype illustrates office email traffic. Each square represents a person in the office. 
The size of the each square varies depending on email activity, while differing colors indicate latest email use. If applied 
to electricity use, the prototype’s squares could represent appliances while the colors and sizing could correspond to 
electricity expenditures and activity.  


Source: Informative Art Project 


Adapted to serve the electricity arena, the motion painting could communicate tariff pricing periods. For 
example, critical peak pricing events, along with their duration, could be expressed. 


Figure 18. Informative Art Project’s Motion Painting prototype 


 


The motion painting display projects vertical stripes of color to indicate a specific activity level. The color represents 
amount of activity, while the width indicates the duration. The motion painting could convey tariff pricing periods. 


Source: Informative Art Project 
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Activity Wallpaper 


Activity Wallpaper collects activity data using various sensors and displays a visual interpretation. Patterns of 
columns change shape and color, depending on activity type and level (see Figure 19).  


Again, this innovation could perhaps be adapted to the electricity sector to convey in-home electricity use, 
color-coded to specific pricing events. 


Figure 19. Informative Art Project’s Activity Wallpaper prototype 


 


The activity wallpaper uses columns of colored shapes to show activity type and level. The columns could represent the 
days of the week. The color and patterning could be adapted to convey energy prices, including critical peak periods. 


Source: Informative Art Project 


Static! Project  
Some of the most creative, fun, and visually appealing work we found is being done in Sweden at Static!, a 
joint project of the Interactive Institute. The Interactive Institute is an experimental IT-research institute that 
combines art, design, and technology. Static!, a joint project of the POWER and RE:FORM studios, 
“investigates design as a way of increasing our awareness of how energy is used and how to stimulate changes 
in energy behaviour.” Some of the projects may make it into mainstream production, while others will likely 
never leave the lab, but stretch our imaginations nonetheless. For more information, see 
http://www.tii.se/static/. 
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Power-Aware Cord 


The Power-Aware Cord looks like a regular power strip cord—until you plug something into it and the cord 
lights up (see Figure 20). Initial user feedback was positive. Users easily understood the light to represent 
electric current. One thought the light was the electricity—that the Power-Aware Cord just showed what is 
hidden in regular cords. The Power-Aware Cord was awarded a patent in July 2005.  


Figure 20. Power-Aware Cord 


 


Source: Static! 


Flower Lamp 


The flower lamp is a hanging lamp that changes shape depending on how much energy is being used in the 
house. It blooms when energy consumption has been low for some time and contracts when energy use is high 
(see Figure 21). 


Energy Tap 


The energy tap is a free-standing outlet that anyone may use. It has a hand crank that generates the electricity. 
It helps users to understand how much energy it takes to power electronics or other loads (see Figure 22). For 
more information, download Free Energy 1,2,3, or 4 from http://www.tii.se/static/press.htm. 
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Figure 21. Flower lamp 


 


Source:Static! 
 


Figure 22. Energy Tap 


 


Source:Static! 
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Wattbug (Mutlu+Milano Design Studio) 
The Wattbug domestic electricity meter won first prize at the first annual Viridian design competition in 2001, 
sponsored by the Sustainability Institute of USA in cooperation with the International Network of Resource 
Information Centers. The contest, which encompassed two rounds of judging, challenged entrants to design “a 
household energy consumption meter that provides accurate, compelling, and artistically fascinating feedback 
to homeowners about their energy use.” The Wattbug is an anthropomorphic energy display with animal like 
characteristics. It purrs when energy consumption is low and flashes a red light on its tail when consumption 
is high. Like a pet, the sound and visual feedback of the display asks the user to pay attention to it. Rather 
than simply informing the occupants, it becomes an occupant and demands focused attention rather than 
peripheral awareness (see Figure 23). 


Figure 23. Wattbug 


 


 


Although Wattbug has received significant public and media interest, it has not yet been produced. Several 
companies, including Philips, Real Goods, Ecofys, and Siemens have either passed on the opportunity for 
strategic reasons, balked at the high initial cost of production, and/or lacked the sufficient means necessary for 
mass production. It’s a shame Wattbug hasn’t reached commercial stature; initial reception was quite warm. 
Turkish design studio Mutlu + Milano, the conceiver of Wattbug, reported receiving numerous orders from a 
variety of potential customers who did not realize the device had not evolved from its conceptual form. 


For more information: http://www.incimutlu.com/html/awards01.htm. 
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There is a well-known saying that knowledge is power. For many customers of Phoenix-


based Salt River Project (SRP), it's becoming increasing clear that knowledge also results 


in saving power. 


Those customers are enrolled in SRP’s M-Power program – the largest residential pre-pay 


metering program in North America. For 15 years, SRP has offered a prepayment program 


for its residential customers. What began as a service primarily targeted for low-income or 


credit-challenged customers is now quickly expanding across SRP’s residential customer 


base. 


The public power utility envisioned the M-Power program initially as an additional 


alternative for its credit-challenged customers. The product was unique and offered an 


effective way to help this customer segment. However, first generation prepay equipment 


was costly and difficult to install. 


Technological advances have made it more affordable and easier to use, but the company 


did not envision how popular this program would become. 


Customers enjoy the convenience of purchasing power according to their budget (no more 


monthly bills, late fees or collection letters) and SRP benefits from increased customer 


satisfaction and improved cash flow (prepay customers are allowed to paydown past due 


amounts that accumulated under credit tariffs). Without prepay, these past due amounts 


would have been subject to standard collection processes or write off. 


Customers are attracted to the M-Power program because they have the option to pay at 


their own pace and they have the ability to monitor and control their electric use. Studies 


indicate that M-Power customers are, on average, reducing their annual electricity usage 


by 12.8 percent. 
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In surveys, 90 percent of customers report being very satisfied with M-Power. And 95 percent believe 


they have more control over the electricity they consume. 


Growth Temporarily Stalled 


Currently, SRP has more than 50,000 customers enrolled in the residential prepayment 


program. Approximately 10,000 customers are added to the program each year, and SRP hopes to 


have 80,000 participating in M-Power by 2010. 


While those numbers alone appear impressive, they might have been even larger had indoor pre-


pay equipment been more readily available. Vendors that originally provided the meters, user 


display terminals (UDTs) and automatic pay centers for M-Power were out of the pre-pay 


metering business by 2003 and SRP was left searching for an alternative. 


Fortunately, Ampy Metering Inc., a British-based technology company, was able to step up to the plate. 


By working with Ampy to develop in-home metering technology, SRP was able to once again 


begin expanding its popular program. 


The special M-Power in-home UDTs are plugged directly into an ordinary electrical socket where they 


can communicate directly with the primary electric meter. The devices keep track of how much energy 


the customer is using in kilowatt-hours and in dollars. The display also is able to remind customers if 


it’s necessary to make a new purchase. Data on their display units allows customers to monitor 


their energy use and modify it accordingly to save electricity and money. 


To make electricity purchases, M-Power customers are given two smart cards similar to telephone 


calling cards. The cards are credited with electricity purchases at SRP PayCenters located around 


the Phoenix metropolitan area. The card is then run through the in-home UDT, which sends 


the information to the electric meter. SRP currently offers 52 of the PayCenters, some of which are 


located in 24-hour or extended hour locations, and has a corporate goal of providing a PayCenter within 


a four-mile radius of all its M-Power-equipped customers. 


In an effort to minimize potential self-disconnects after business hours, SRP has programmed the UDTs 


to provide a so-called “friendly credit” over the weekends. From 10 p.m. Friday until 6 a.m. Monday, 


M-Power meters will go into credit mode rather than disconnect a customer who might have 


exhausted their electricity credits. 


Minimal Fees Imposed 
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Because M-Power is a pre-pay program, there are no late fees, disconnect fees or additional 


security deposits. M-Power requires a $99 deposit to cover the cost of the UDT. Traditional SRP 


electric rate customers are charged with a $200 security deposit. 


These features, along with the recognized energy savings, have caught the eye of several 


community-based organizations that have become enthusiastic supporters of the M-Power 


program. Because customers are more in charge of their energy use, they are able to better budget 


their electricity funds and avoid turn-offs that on a regular electric plan frequently lead to 


costly disconnection fees. This allows community-based assistance programs to provide increased 


services by stretching their relief funds. 


“If a customer is out for disconnection, he or she can apply their deposit money to their bill and get 


started on M-Power,” says City of Phoenix caseworker Marcie Widmer. “This opportunity lets a percent 


go to the old bill and the rest for usage. It’s a useful tool to help the client become stable.” 


SRP has also taken note of the program’s contribution to its ongoing conservation efforts. M-Power 


is having a significant impact on the company’s Sustainable Energy Portfolio. The average 12.8 


percent energy reduction that pre-pay customers are experiencing is reducing overall energy usage 


and assisting the company in meeting its Sustainable Portfolio goals. M-Power also addresses a number 


of sections of the recently approved federal Energy Policy Act that promote conservation for 


residential electricity consumers. 


While M-Power is clearly becoming an institution at SRP, the company is hoping that other utilities 


take notice of the advantages of residential prepayment program and initiate their own offerings. 


The equipment currently purchased is reasonably priced, but economies of scale could lead to even 


better pricing in the future. When other utilities start their own pre-pay programs and purchase 


the technology necessary, they all may see significant decreases in these costs. 


For information on purchasing reprints of this article, contact arowe@reprintbuyer.com.  
Copyright 2008 CyberTech, Inc. 
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Consider a relatively low-cost real-time in-home portable energy display device that communicates directly 


both ways with a Time-Of-Use Smart Meter by wireless radio. Consider also the Time-Of-Use Smart Meter is 


connected to the utility company through an AMI channel that is two-way, used for meter reading but also 


capable of carrying messages and utility data back to the home-owner through the meter to the display in real 


time. I suggest this type of device would be a technology solution that simultaneously addresses affordable 


masse deployment of real-time in-home displays, education of consumers about electricity use and 


conservation, instant access to accurate bill tracking and present and historical energy use, the ability for 


utilities to send alert messages and implement effective dynamic pricing, and permit consumers to actively 


feedback acknowlegments of receiving messages. 


If the display device uses a radio communication networking standard, such as the modern "Zigbee" protocol, it 


allows for relatively easy future expansion of its capabilities to adapt the display device to water meters, gas 


meters, load-shedding thermostats and controls, and Zigbee radio-equipped consumer appliances. This 


adaptation could be easily performed by simple firmware downloads to the display device throught the meter's 


AMI channel. 


Prepaid metering can also be addressed using this display device to actively purchase more energy without 


having to call in a new purchase over a phone using a credit card. The utility company could receive purchase 


orders from the consumer for an amount specified by the consumer keying it into the display, and then bill 


their bank account or credit card automatically. 


The meter manufacturer Elster Electricity is engaged in the development of this technology in partnership with 


another company, 4C Energy Solutions. The AMI channel referred to above is Elster's own Energy Axis Meter 


Administration System connected by the internet or some other dedicated communications pipe to Elster's 


collector meter nodes, and then through Elster's own radio LAN to each consumer's Smart Meter. 


If anyone is interested in more details, I would suggest contacting Elster about it. 


  
   Copyright © 2002-2008, CyberTech, Inc. - All rights reserved. Read our Terms of Service.  
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