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November 7, 2024 

RE: Project Cost Variation Explanation – Decade Dairy 

To Whom it May Concern: 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components
- Increased material costs for enhanced system components
- Additional onsite work (electrical, welding and assembly requirements)
- Specialized equipment needs for complex installation procedures
- Equipment offloading and handling requirements

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity
- Additional specialized labor for enhanced onsite welding and assembly
- Increased coordination requirements for complex system integration
- Extended planning and design revision hours
- Specialized technical expertise for advanced system components

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components
- More intricate installation procedures
- Detailed quality control measures
- Extended testing and commissioning requirements

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com 



Biogas Blower and O2 Injection System1 

Cost DELTA 
2018 Quoted Biogas Blower System Cost $178,900 
2018 Quoted Biogas O2 Air Injection System Cost $171,856 
2018 TOTAL QUOTED SYSTEM COST $350,756 

1 Additional Design SOW, labor $3,800 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters $65,977 

3 Increased Blower Capacity $15,000 
4 Additional electrical infrastructure and equipment required 

to power and control modified design $25,550 
5 Addition of Automation/ Controls SOW, materials and labor $51,100 
6 Addition of Site Prep SOW, labor and mobilization costs $4,500 
7 Addition of Field Work SOW, materials and labor $61,300 
8 Addition of Commissioning SOW, materials and labor $5,800 
9 Back flow Prevention Device $9,950 
10 O2 generation equipment: Difference saved between 

ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price of 
$171,856 vs actual price of $89,700) ($82,156) 
Total Net Increases Due to Design Changes $160,821 

11 Pandemic Inflation Impact on Original Proposal’s Labor 
Costs (See Appendix A for value determination) $20,573 

12 Pandemic Inflation Impact on Original Proposal’s 
Equipment Costs (See Appendix A for value determination) $39,520 
Total Increases Due to Pandemic Inflation  $60,093 

TOTAL COST IMPACT  $220,914 

Final Cost $571,670 



Notes on Above Table: 

1. Additional Design SOW: After the short Pilot Project application period, our team
realized based on experience and conversations with MEW that we would need to charge
for additional design labor necessary to achieve the system’s operational goals. As we
prepared to deliver the system, it became increasingly complex with additional design
needs, so we determined we needed to include costs for additional design labor to ensure
the project met all requirements.

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment
deployments of earlier versions of this equipment we learned that HDPE plastic was not
sufficient for biogas piping as it was less durable in the field and presented a risk of
degradation or leaks, and so we switched to stainless steel to improve reliability and
safety. We also realized that using air-to-air coolers was more reliable and more energy
efficient than using glycol-based chillers by themselves, so we added and expanded the
air-to-air coolers. We also introduced Field operations of early versions of these systems
also showed that the equipment needed previously unquoted equipment such as gauges,
meters, and sensors that allowed for gas analytics. During the 2018 period there was not
time to fully specify all meters, gauges and sensors that would be necessary. But in the
period after application, we determined that this gas analytics data was necessary for
qualifying for certain regulatory programs, as well as to ensure proper operations of the
biogas system. These changes improved compliance with carbon credit and other
regulatory requirements, and improved operator efficiency and safety

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular,
Blowers that have factory specifications for a certain flow rate could technically achieve
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found
that in order to perform at these rates in actual conditions that included dust, direct
sunlight on some elements, and other field stresses, the blowers operated a very high
temperatures, which caused risk of overheating and consumed oil, shortening operating
life unacceptably and reducing equipment reliability by shutting down unexpectedly on
thermal overloads. Based on those experiences we determined that a larger blower rated
for approximately 125% of the needed flow would cause the system to operate at lower
temperatures. These improvements improved safety by avoiding overheating and fire
risks. The improvements also increased equipment reliability and longevity, and reduced
power consumption.

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment
made it necessary to reconfigure the power distribution, including enhanced control room
design, and upgraded electrical equipment to meet the power needs of larger and a
different system.

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote
operators to monitor and control the systems, rather than rely on on-site operators, which
undoubtedly represents significant cost savings in ongoing operations expenses.

6. Additional Site Preparation SOW: After attempting to commission some of these early
systems in the field, we found that they were more complicated to start up than most



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and2021, and a 
price of $89,700 was assigned, representing a savings of $82,156 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $39,720  
    
1 Change in materials from HDPE to Stainless Steel  $23,832 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $31,814 

 Total Net Increases Due to Design Changes  $55,646 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $4,051 
4 Pandemic Inflation Impact on Original Proposal’s Equipment 

Costs (See Appendix A for value determination)  $11,201 
 Total Net Increases Due to Pandemic Inflation  $15,252 
    
    
 TOTAL COST IMPACT  $70,898 
    
 Final Cost $110,618  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 
 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 





Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 
 

 
 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of 
contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 25-55% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to add the significant 
extra labor and materials due to size increase). These values were used as guardrails for the 
above stated inflation impact, but the final number was determined for each individual 
system based on the individual original and final contract. 
 

 
 

 
 



  

November 7, 2024 

RE: Project Cost Variation Explanation – Dixie Creek Dairy 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 

 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $3,800 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $122,693 

3 Increased Blower Capacity  $27,894 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $47,514 
5 Addition of Automation/ Controls SOW, materials and 

labor  $35,000 
6 Addition of Site Prep SOW, labor and mobilization costs  $7,500 
7 Addition of Field Work SOW, materials and labor  $93,300 
8 Addition of Commissioning SOW, materials and labor  $8,800 
9 Back flow Prevention Device  $12,050 
1
0 

O2 generation equipment: Difference saved between 
ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price of 
$171,856 vs actual price of $73,708)  ($98,148) 

 Total Net Increases Due to Design Changes  $260,403 
    
1
1 

Pandemic Inflation Impact on Original Proposal’s Labor 
Costs (See Appendix A for value determination)  $24,578 

1
2 

Pandemic Inflation Impact on Original Proposal’s 
Equipment Costs (See Appendix A for value 
determination)  $47,213 

 Total Increases Due to Pandemic Inflation   $71,791 
    
 TOTAL COST IMPACT   $332,194 
    
 Final Cost $682,950  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and 2021, and 
a price of $73,708 was assigned, representing a savings of $98,148 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $39,720  
    
1 Change in materials from HDPE to Stainless Steel  $23,832 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $31,814 

 Total Net Increases Due to Design Changes  $55,646 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $4,051 
4 Pandemic Inflation Impact on Original Proposal’s Equipment 

Costs (See Appendix A for value determination)  $11,201 
 Total Net Increases Due to Pandemic Inflation  $15,252 
    
    
 TOTAL COST IMPACT  $70,898 
    
 Final Cost $110,618  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 

 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 





Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 

 

 
 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of 
contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 25-55% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to add the significant 
extra labor and materials due to size increase). These values were used as guardrails for the 
above stated inflation impact, but the final number was determined for each individual 
system based on the individual original and final contract. 
 

 
 

 
 



  

November 7, 2024 

RE: Project Cost Variation Explanation – Double L (Yokum) Dairy 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 

 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $4,700 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $72,611 

3 Increased Blower Capacity  $16,508 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $28,119 
5 Addition of Automation/ Controls SOW, materials and 

labor  $49,720 
6 Addition of Site Prep SOW, labor and mobilization costs  $4,500 
7 Addition of Field Work SOW, materials and labor  $78,900 
8 Addition of Commissioning SOW, materials and labor  $5,800 
9 Back flow Prevention Device  $9,950 
10 O2 generation equipment: Difference saved between 

ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price 
of $171,856 vs actual price of $89,700)  ($82,156) 

 Total Net Increases Due to Design Changes  $188,652 
    
11 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $21,692 
12 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value 
determination)  $41,670 

 Total Increases Due to Pandemic Inflation   $63,362 
    
 TOTAL COST IMPACT   $252,014 
    
 Final Cost $602,770  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and2021, and a 
price of $89,700 was assigned, representing a savings of $82,156 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $34,520  
    
1 Change in materials from HDPE to Stainless Steel.  $25,818 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $42,131 

 Total Net Increases Due to Design Changes  $67,949 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $8,450 
4 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value determination)  $24,303 
 Total Net Increases Due to Pandemic Inflation  $32,753 
    
    
 TOTAL COST IMPACT  $100,702 
    
 Final Cost $135,222  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of
contracted work for this system. Also, based on the increase in labor rates outlined above and
the additional employees needed to complete the designated work, it is estimated that the
labor inflation during this period ranged from 25-45% for this system over the span of the
project. By interacting these two variables a final impact for labor inflation is determined
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2
injection). These values were used as guardrails for the above stated inflation impact, but the
final number was determined for each individual system based on the individual original and
final contract.

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted
work for this system. Also, based on the increase in labor rates outlined above and the
additional employees needed to complete the designated work, it is estimated that the labor
inflation during this period ranged from 15-35% for this system over the span of the project.
By interacting these two variables a final impact for labor inflation is determined based on
the original contract amount (adjusted to add the significant extra labor and materials due to
size increase). These values were used as guardrails for the above stated inflation impact, but
the final number was determined for each individual system based on the individual original
and final contract.



 



Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 
 

 
 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of 
contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 25-55% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to add the significant 
extra labor and materials due to size increase). These values were used as guardrails for the 
above stated inflation impact, but the final number was determined for each individual 
system based on the individual original and final contract. 

 

 
 

 
 



  

November 7, 2024 

RE: Project Cost Variation Explanation – High Roller Dairy 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 

 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $4,900 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $54,134 

3 Increased Blower Capacity  $12,308 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $20,964 
5 Addition of Automation/ Controls SOW, materials and 

labor  $61,703 
6 Addition of Site Prep SOW, labor and mobilization costs  $4,998 
7 Addition of Field Work SOW, materials and labor  $84,483 
8 Addition of Commissioning SOW, materials and labor  $11,840 
9 Back flow Prevention Device  $12,050 
10 O2 generation equipment: Difference saved between 

ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price 
of $171,856 vs actual price of $89,700)  ($82,156) 

 Total Net Increases Due to Design Changes  $185,224 
    
11 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $21,555 
12 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value 
determination)  $41,405 

 Total Increases Due to Pandemic Inflation   $62,960 
    
 TOTAL COST IMPACT   $248,184 
    
 Final Cost $598,940  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and2021, and a 
price of $89,700 was assigned, representing a savings of $82,156 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $34,520  
    
1 Change in materials from HDPE to Stainless Steel.  $25,818 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $42,131 

 Total Net Increases Due to Design Changes  $67,949 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $8,450 
4 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value determination)  $24,303 
 Total Net Increases Due to Pandemic Inflation  $32,753 
    
    
 TOTAL COST IMPACT  $100,702 
    
 Final Cost $135,222  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 
 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 



 



Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of
contracted work. Also, based on the increase in component costs outlined above, it is
estimated that the materials inflation during this period ranged from 25-55% for this system
over the span of the project. By interacting these two variables a final impact for materials
inflation is determined based on the original contract amount (adjusted to add the significant
extra labor and materials due to size increase). These values were used as guardrails for the
above stated inflation impact, but the final number was determined for each individual
system based on the individual original and final contract.



  

November 7, 2024 

RE: Project Cost Variation Explanation – Lakeside Dairy 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 

 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $4,900 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $85,984 

3 Increased Blower Capacity  $19,548 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $33,298 
5 Addition of Automation/ Controls SOW, materials and 

labor  $27,186 
6 Addition of Site Prep SOW, labor and mobilization costs  $4,500 
7 Addition of Field Work SOW, materials and labor  $78,300 
8 Addition of Commissioning SOW, materials and labor  $5,800 
9 Back flow Prevention Device  $9,950 
10 O2 generation equipment: Difference saved between 

ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price 
of $171,856 vs actual price of $89,700)  ($82,156) 

 Total Net Increases Due to Design Changes  $187,310 
    
11 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $21,638 
12 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value 
determination)  $41,566 

 Total Increases Due to Pandemic Inflation   $63,204 
    
 TOTAL COST IMPACT   $250,514 
    
 Final Cost $601,270  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and2021, and a 
price of $89,700 was assigned, representing a savings of $82,156 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $39,720  
    
1 Change in materials from HDPE to Stainless Steel.  $23,832 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $31,814 

 Total Net Increases Due to Design Changes  $55,646 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $4,051 
4 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value determination)  $11,201 
 Total Net Increases Due to Pandemic Inflation  $15,252 
    
    
 TOTAL COST IMPACT  $70,898 
    
 Final Cost $110,618  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 
 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 

 



 



Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 
 

 
 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of 
contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 25-55% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to add the significant 
extra labor and materials due to size increase). These values were used as guardrails for the 
above stated inflation impact, but the final number was determined for each individual 
system based on the individual original and final contract. 

 

 
 

 
 



  

November 7, 2024 

RE: Project Cost Variation Explanation – Lone Oak Farms 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 

 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $4,900 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $133,590 

3 Increased Blower Capacity  $30,372 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $51,735 
5 Addition of Automation/ Controls SOW, materials and 

labor  $35,000 
6 Addition of Site Prep SOW, labor and mobilization costs  $7,500 
7 Addition of Field Work SOW, materials and labor  $93,300 
8 Addition of Commissioning SOW, materials and labor  $8,800 
9 Back flow Prevention Device  $12,050 
1
0 

O2 generation equipment: Difference saved between 
ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price of 
$171,856 vs actual price of $71,121)  ($100,735) 

 Total Net Increases Due to Design Changes  $276,512 
    
1
1 

Pandemic Inflation Impact on Original Proposal’s Labor 
Costs (See Appendix A for value determination)  $25,225 

1
2 

Pandemic Inflation Impact on Original Proposal’s 
Equipment Costs (See Appendix A for value 
determination)  $48,457 

 Total Increases Due to Pandemic Inflation   $73,682 
    
 TOTAL COST IMPACT   $350,194 
    
 Final Cost $700,950  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and2021, and a 
price of $71,121 was assigned, representing a savings of $100,735 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $39,720  
    
1 Change in materials from HDPE to Stainless Steel  $23,832 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $31,814 

 Total Net Increases Due to Design Changes  $55,646 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $4,051 
4 Pandemic Inflation Impact on Original Proposal’s Equipment 

Costs (See Appendix A for value determination)  $11,201 
 Total Net Increases Due to Pandemic Inflation  $15,252 
    
    
 TOTAL COST IMPACT  $70,898 
    
 Final Cost $110,618  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 
 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 





Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of
contracted work. Also, based on the increase in component costs outlined above, it is
estimated that the materials inflation during this period ranged from 25-55% for this system
over the span of the project. By interacting these two variables a final impact for materials
inflation is determined based on the original contract amount (adjusted to add the significant
extra labor and materials due to size increase). These values were used as guardrails for the
above stated inflation impact, but the final number was determined for each individual
system based on the individual original and final contract.



  

November 7, 2024 

RE: Project Cost Variation Explanation – Poplar Lane Dairy 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 

 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $4,700 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $61,787 

3 Increased Blower Capacity  $14,047 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $23,927 
5 Addition of Automation/ Controls SOW, materials and 

labor  $49,720 
6 Addition of Site Prep SOW, labor and mobilization costs  $4,500 
7 Addition of Field Work SOW, materials and labor  $78,300 
8 Addition of Commissioning SOW, materials and labor  $5,800 
9 Back flow Prevention Device  $9,950 
10 O2 generation equipment: Difference saved between 

ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price 
of $171,856 vs actual price of $89,700)  ($82,156) 

 Total Net Increases Due to Design Changes  $170,575 
    
11 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $20,965 
12 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value 
determination)  $40,274 

 Total Increases Due to Pandemic Inflation   $61,239 
    
 TOTAL COST IMPACT   $231,814 
    
 Final Cost $582,570  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and2021, and a 
price of $89,700 was assigned, representing a savings of $82,156 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $34,520  
    
1 Change in materials from HDPE to Stainless Steel.  $25,818 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $42,131 

 Total Net Increases Due to Design Changes  $67,949 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $8,450 
4 Pandemic Inflation Impact on Original Proposal’s 

Equipment Costs (See Appendix A for value determination)  $24,303 
 Total Net Increases Due to Pandemic Inflation  $32,753 
    
    
 TOTAL COST IMPACT  $100,702 
    
 Final Cost $135,222  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 
 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 



 



Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 
 

 
 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of 
contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 25-55% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to add the significant 
extra labor and materials due to size increase). These values were used as guardrails for the 
above stated inflation impact, but the final number was determined for each individual 
system based on the individual original and final contract. 

 

 
 

 
 



November 7, 2024 

RE: Project Cost Variation Explanation – River Ranch 

To Whom it May Concern: 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012 and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification.  

This letter documents the cost variations between our original 2018 quote provided for the 
Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems ultimately 
delivered to the project, by our company and others. During this time period, I served as CFO of 
the company and had access to the detailed cost numbers necessary to perform this analysis.  

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process low-pressure biogas for on-site electrical power 
generation on a single dairy. The Pilot Project required us to design systems that could process 
biogas for feeding into a gathering pipeline system for delivery into a natural gas utility line—
something almost entirely new. A pipeline injection project of this type required greatly upgraded 
capacities for moisture removal, sulfur removal, high pressure gas compression, and other 
standards well above common dairy biogas industry practice. Our initial attempts to evaluate the 
equipment and labor requirements to build an operational biogas system for a pipeline injection 
project took place in the context of an evolving understanding of the industry’s operational 
needs. During a few months in 2018 we quoted a scope for this Pilot Project based on our 
understanding of what would be necessary. But as we began to deploy early versions of these 
systems and gain experience at some early pipeline projects in late 2018 and early 2019, the 
Lakeside Pipeline scope was later expanded to include enhanced design and operational 
requirements that were necessary to ensure optimal system performance, safety, economic 
efficiency, and long-term reliability. These design changes increased the costs of the systems we 
provided, and we consequently charged the project a larger amount than we estimated in the 
2018 budgets. 



Equipment and Fabrication Costs 

In addition to an increased scope of work, the equipment and labor costs associated with building 
these products rose sharply from 2018 to 2021. Our 2018 estimate of the building process 
underestimated the labor intensity of this type of equipment, which was corrected in proposals 
that were issued in subsequent years. 

- Extended fabrication requirements for integrating additional components 
- Increased material costs for enhanced system components 
- Additional onsite work (electrical, welding and assembly requirements) 
- Specialized equipment needs for complex installation procedures 
- Equipment offloading and handling requirements 

 

Labor Cost Adjustments 

Labor costs were impacted by: 

- Extended installation timeline due to increased system complexity 
- Additional specialized labor for enhanced onsite welding and assembly 
- Increased coordination requirements for complex system integration 
- Extended planning and design revision hours 
- Specialized technical expertise for advanced system components 

 

Project Complexity Factors 

The upgraded design specifications introduced additional complexity: 

- Enhanced coordination requirements between various system components 
- More intricate installation procedures 
- Detailed quality control measures 
- Extended testing and commissioning requirements 

 

The following pages include detailed data on the key variables responsible for the delta in cost 
between our initial proposals issued in 2018 vs the product contracts issued in 2020 and 2021. If 
I can be of further service regarding this matter, please feel free to reach out via my email 
address included below.  

 

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com   



Biogas Blower and O2 Injection System1 
 

   Cost DELTA 
 2018 Quoted Biogas Blower System Cost $178,900  
 2018 Quoted Biogas O2 Air Injection System Cost $171,856  
 2018 TOTAL QUOTED SYSTEM COST $350,756  
    
1 Additional Design SOW, labor  $3,800 
2 Changes To and/or Additions of new Biogas equipment 

including the switch from HDPE piping to 304SS, 
augmented air to air heat exchangers and glycol chilled 
equipment, new stainless-steel filters, moisture traps, 
sensors, gauges and meters  $52,986 

3 Increased Blower Capacity  $12,046 
4 Additional electrical infrastructure and equipment 

required to power and control modified design  $20,519 
5 Addition of Automation/ Controls SOW, materials and 

labor  $35,000 
6 Addition of Site Prep SOW, labor and mobilization costs  $7,500 
7 Addition of Field Work SOW, materials and labor  $87,100 
8 Addition of Commissioning SOW, materials and labor  $8,800 
9 Back flow Prevention Device  $12,050 
1
0 

O2 generation equipment: Difference saved between 
ORIGINAL QUOTE vs. CONTRACT PRICE (Quoted Price of 
$171,856 vs actual price of $89,700)  ($82,156) 

 Total Net Increases Due to Design Changes  $157,645 
    
1
1 

Pandemic Inflation Impact on Original Proposal’s Labor 
Costs (See Appendix A for value determination)  $21,482 

1
2 

Pandemic Inflation Impact on Original Proposal’s 
Equipment Costs (See Appendix A for value 
determination)  $41,267 

 Total Increases Due to Pandemic Inflation   $62,749 
    
 TOTAL COST IMPACT   $220,394 
    
 Final Cost $571,150  



Notes on Above Table:  

1. Additional Design SOW: After the short Pilot Project application period, our team 
realized based on experience and conversations with MEW that we would need to charge 
for additional design labor necessary to achieve the system’s operational goals. As we 
prepared to deliver the system, it became increasingly complex with additional design 
needs, so we determined we needed to include costs for additional design labor to ensure 
the project met all requirements.  

2. Changes to Biogas Equipment: through gained experience on 2018 and 2019 equipment 
deployments of earlier versions of this equipment we learned that HDPE plastic was not 
sufficient for biogas piping as it was less durable in the field and presented a risk of 
degradation or leaks, and so we switched to stainless steel to improve reliability and 
safety. We also realized that using air-to-air coolers was more reliable and more energy 
efficient than using glycol-based chillers by themselves, so we added and expanded the 
air-to-air coolers. We also introduced Field operations of early versions of these systems 
also showed that the equipment needed previously unquoted equipment such as gauges, 
meters, and sensors that allowed for gas analytics. During the 2018 period there was not 
time to fully specify all meters, gauges and sensors that would be necessary. But in the 
period after application, we determined that this gas analytics data was necessary for 
qualifying for certain regulatory programs, as well as to ensure proper operations of the 
biogas system. These changes improved compliance with carbon credit and other 
regulatory requirements, and improved operator efficiency and safety 

3. Increased Blower Capacity: this cost was incurred beyond the original estimate as real-
world performance data made it clear that enhancements needed to be made. In particular, 
Blowers that have factory specifications for a certain flow rate could technically achieve 
their data sheet flow rate in the field on our 2018 and 2019 deployments. But, we found 
that in order to perform at these rates in actual conditions that included dust, direct 
sunlight on some elements, and other field stresses, the blowers operated a very high 
temperatures, which caused risk of overheating and consumed oil, shortening operating 
life unacceptably and reducing equipment reliability by shutting down unexpectedly on 
thermal overloads. Based on those experiences we determined that a larger blower rated 
for approximately 125% of the needed flow would cause the system to operate at lower 
temperatures. These improvements improved safety by avoiding overheating and fire 
risks. The improvements also increased equipment reliability and longevity, and reduced 
power consumption. 

4. Changes to Electrical Equipment: the addition of larger equipment and/or new equipment 
made it necessary to reconfigure the power distribution, including enhanced control room 
design, and upgraded electrical equipment to meet the power needs of larger and a 
different system.  

5. Addition of Automation and Controls SOW: the addition of this SOW allowed remote 
operators to monitor and control the systems, rather than rely on on-site operators, which 
undoubtedly represents significant cost savings in ongoing operations expenses.  

6. Additional Site Preparation SOW: After attempting to commission some of these early 
systems in the field, we found that they were more complicated to start up than most 



biogas operators could handle. The technology was new and required skilled teams to set 
up the site properly. It thus became apparent that our team would need to travel to the site 
to prepare the location for our equipment. This SOW was not originally known, therefore 
it was not included in our quote. Our equipment is highly specialized and required our 
own internal staff to mobilize and ensure each project location was adequately prepared 
to receive our equipment. 

7. Additional Field Work SOW: after preparing the initial bid, we identified that the sites 
required mixers within the lagoon to move the digestate to optimize gas production and 
the quality of the biogas. These mixers required extensive field electrical work, including 
the mobilization of heavy machinery and teams of people to perform extensive 
infrastructure work around the lagoons.  

8. Addition of Commissioning SOW: In the same manner that site preparation and field 
work requirements were higher than expected, we found it was necessary to deploy a 
team for commissioning of these systems since they had multiple new electrical, 
mechanical, and controls features. We had to charge the customer for this additional 
service that we did not initially include in our 2018 estimates.  

9. Back Flow Prevention Device: this is a critical safety feature that was subsequently added 
to our systems, ensuring that backflow from the higher pressure biogas gathering line did 
not over-pressurize the covered lagoons at the dairy digester sites. This safety feature was 
not caught during the 110 day submittal since there was not time to do a full engineering 
and safety review on the budget, but was added later as the design became more final. 

10. O2 Price Impact: The original quote for O2 Air Injection was $171,856, but a series of 
costs were over-estimated during the limited time available to get quotes and make 
estimates in 2018. This SOW was included in the actual contracts in 2020 and 2021, and 
a price of $89,700 was assigned, representing a savings of $82,156 in actual price vs the 
quote. We passed these savings on to the customer in the final package.  

11. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 30-50% 
depending on the item, and over 25-45% for labor depending on the role.  

 

  



H2S Scrubber aka Howitzer2 
 

   Cost DELTA 
 2018 Quoted Cost $39,720  
    
1 Change in materials from HDPE to Stainless Steel  $23,832 
2 Increase in size and addition of components and labor 

required to take product from concept to actual 
manufacturing.   $31,814 

 Total Net Increases Due to Design Changes  $55,646 
    
3 Pandemic Inflation Impact on Original Proposal’s Labor 

Costs (See Appendix A for value determination)  $4,051 
4 Pandemic Inflation Impact on Original Proposal’s Equipment 

Costs (See Appendix A for value determination)  $11,201 
 Total Net Increases Due to Pandemic Inflation  $15,252 
    
    
 TOTAL COST IMPACT  $70,898 
    
 Final Cost $110,618  

 

Notes on Above Table:  

1. Change in materials from HDPE to Stainless Steel: this change was required to ensure 
materials withstood ambient conditions and guaranteed product longevity. Operational 
experience on early Howitzers revealed that HDPE could not handle the pressure 
increases and decreased that occurred during real-world operations such as hard shut 
downs. The switch to stainless steel improved operational performance and safety due to 
reduced risk of biogas containment failure and leaks. 

2. Our patent-pending H2S scrubber design was a concept product at the time it was quoted 
in 2018. By the time manufacturing of these units began, a series of previously unknown 
challenges were overcome, which required additional components and safety features. 
This included everything from redesigning the quantity and sizing of the tubes, 
reconfiguring valves on the inlet and outlet of each tube, and adding a gangway with 
safety gates to allow for easy operator access. All these items improved operational 
performance and workplace safety. 



3. Pandemic Inflation Impacts on Labor and Materials costs of the 2018 quote vs final 
contracts. Please note in Appendix A our general notes on the impact of inflation on labor 
and materials. In general, we saw materials inflation in ranges between 25-55% 
depending on the item, and over 15-35% for labor depending on the role.  
 

 

 

 

  



Appendix A 
Labor cost differences 
 
1. The original bid only included 4 types of employees to build the system. The rates of those 

employees both in 2018 and 2021 and their respective change is shown in the table below.   
             

Position 2018 Wages 2021 Wages % Change 
Office Admin $18 $28.82 60% 
Apprentice Electrician $17 $31.68 86% 
Construction Supervisor $34 $52.80 55% 
Master Electrician $35 $54.12 54% 

 
2. The list of positions needed to procure parts, construct, and install a biogas system was not 

comprehensive and should have also included: 
 

Position Approx. Labor Cost in 2021 
Procurement/ Inventory Staff  $38.28 
Welders/ Pipefitters $52.80 
Instrumentation / Controls Technicians $59.40 
Construction Laborers $33.00 
Mechanical/ Process Engineer or designer $68.64 

 
3. The amount of time required to procure, construct, test and install a biogas system was highly 

underestimated due to lack of industry experience at the time working in a higher pressure 
pipeline gas environment and should have been increased from 10 weeks to 11 months. 
 

4. At the end of 2020 and continuing through 2021, manufacturing was still recovering from 
shipping delays and labor force destabilization. 

 
1. In late 2020, supply chain disruptions and labor shortages created significant 

issues for the construction industry, leading to project delays. COVID-19 
restrictions severely disrupted the availability of materials, while high demand 
drove up prices. 

2. Key materials, including stainless and mild steel, experienced drastic price 
increases, forcing us to adjust pricing accordingly. For example, prices for some 
materials rose by more than 40%, and lead times extended significantly, leaving 
many projects at a standstill. 

3. Labor shortages compounded these problems, as we often faced delays filling 
open positions. We often hired personnel at rates above our posted wage rate. A 
survey by the Associated General Contractors of America (AGC) found that 
around 91% of firms had difficulty hiring, which further delayed project 



timelines. The pandemic’s impact on skilled labor availability, combined with a 
sharp increase in demand for construction workers, led to higher labor costs and 
worsened the backlogs already caused by material delays. These challenges led to 
increased construction costs. 

 
5. Blower/O2 Injection System: It is estimated that labor comprises 28-35% of the total cost of 

contracted work for this system. Also, based on the increase in labor rates outlined above and 
the additional employees needed to complete the designated work, it is estimated that the 
labor inflation during this period ranged from 25-45% for this system over the span of the 
project. By interacting these two variables a final impact for labor inflation is determined 
based on the original contract amount (adjusted to pull out the extra costs budgeted for O2 
injection). These values were used as guardrails for the above stated inflation impact, but the 
final number was determined for each individual system based on the individual original and 
final contract. 
 

 
 

6. Howitzer System: It is estimates that labor comprises 28-35% of the total cost of contracted 
work for this system. Also, based on the increase in labor rates outlined above and the 
additional employees needed to complete the designated work, it is estimated that the labor 
inflation during this period ranged from 15-35% for this system over the span of the project. 
By interacting these two variables a final impact for labor inflation is determined based on 
the original contract amount (adjusted to add the significant extra labor and materials due to 
size increase). These values were used as guardrails for the above stated inflation impact, but 
the final number was determined for each individual system based on the individual original 
and final contract. 
 





Material/ Elemental Cost Differences 
 
1. The following table highlights a sample of several components that we pulled comparative 

pricing for to highlight the types of pricing increases we saw from 2018 to 2021.  
 
Component Price Range 2018 Price Range 2021 Price Increase % 
Gas Filter 316 SS Filtration Canister w/ Pressure Differential Gauge $250 - $500 $500 - $800 60% 
Gas Blower - Roots with Flex Couplings $2,000 - $5,000 $4,500 - $7,000 50-70% 
Gas Silencer 316 SS $1,500 - $3,000 $2,500 - $4,500 40-50% 
Sage Flow Meter with RS 485 Comms $1,200 - $2,500 $2,500 - $4,000 60-75% 
316 SS Gas Flanges and Tie-ins $200 - $500 $400 - $700 50% 
Gas Rated Manual Shut-off Valves $200 - $1,000 $1,200 - $1,800 70-80% 
Indoor Rated Cabinet with Climate Control $1,500 - $5,000 $3,000 - $6,000 60-90% 
VFDs and Line Reactors $1,000 - $5,000 $3,000 - $7,000 80-90% 
Red Lion Data Logging $500 - $1,500 $1,200 - $2,500 100% 
OLC and Data Logging $300 - $1,000 $800 - $1,500 50-100% 

  

2. In general, we saw components increase between 25-55% from 2018 to 2021 depending on 
the system and its inputs. This does not consider the fact that additional design and 
operational requirements resulted in the addition of components and equipment that was not 
contemplated in the original estimates. 
 

3. A final example: The 2018 proposals included HDPE materials as opposed to steel. The 
actual projects were built using stainless steel.  In 2018, HDPE (high-density polyethylene) 
piping costs varied by size but generally ranged from around $0.59 to $39.03 per foot 
depending on diameter and wall thickness. 
 

a. Steel pipes, typically used for similar applications, were generally more expensive, 
often by a factor of 2 to 1 for materials that met similar design requirements.  
 

b. In 2021, steel prices surged, particularly due to COVID-19 supply chain disruptions, 
labor shortages, and increased demand in construction, with typical per-foot costs for 
steel pipes ranging from $4 to $70, depending on specifications and coating type 

 
4.  Blower/O2 Injection System: It is estimated that materials comprise 48-52% of the total cost 

of contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 30-50% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to pull out the extra 
costs budgeted for O2 injection). These values were used as guardrails for the above stated 



inflation impact, but the final number was determined for each individual system based on 
the individual original and final contract. 

 

 
 

5. Howitzer System: It is estimated that materials comprise 55-65% of the total cost of 
contracted work. Also, based on the increase in component costs outlined above, it is 
estimated that the materials inflation during this period ranged from 25-55% for this system 
over the span of the project. By interacting these two variables a final impact for materials 
inflation is determined based on the original contract amount (adjusted to add the significant 
extra labor and materials due to size increase). These values were used as guardrails for the 
above stated inflation impact, but the final number was determined for each individual 
system based on the individual original and final contract. 
 

 
 

 
 



  

November 7, 2024 

 

RE: Project Cost Variation Explanation – Lakeside Cluster IT Network Infrastructure 

 

To Whom it May Concern: 

 

Energy Innovations (also doing business and Electric Innovations) is a leading national designer 
and fabricator of biogas handling equipment. We were founded in 2012, and have built and 
deployed equipment to almost 70 biogas projects nationally. Our product lineup includes biogas 
pretreatment systems, biogas upgrading systems, oxygen injection systems, power distribution 
systems, and H2S scrubbers. We are a licensed California General contractor 907032 and the 
company welds to B31.3 standards with each welder carrying personal certification. 

This letter explains the necessity of the cost variations between our original 2018 quote provided 
for the Lakeside Pipeline Pilot Project, and the final project costs for the biogas systems 
ultimately delivered to the project, by our company and others. During this time period, I served 
as CFO of the company, and had access to the detailed cost numbers necessary to perform this 
analysis.  

 

Modifications to the Scope of Work 

In 2018 the field of biogas processing systems was an industry with more unknowns than 
knowns. Up until that point, nearly all biogas processing equipment made by our company and 
all other US companies, was designed to process biogas for on-site electrical power generation 
on a single dairy. The Pilot Project required us to design systems that could process biogas for 
feeding into a gathering pipeline system for delivery into a natural gas utility line—something 
almost entirely new. A pipeline injection project of this type required greatly upgraded capacities 
for moisture removal, sulfur removal, high pressure gas compression, and other standards well 
above common dairy biogas industry practice. Our initial attempts to evaluate the equipment and 
labor requirements to build an operational biogas system for a pipeline injection project took 
place in the context of an evolving understanding of the industry’s operational needs. During a 
few months in 2018 we quoted a scope based on our understanding of what would be necessary. 
But as we began to deploy systems and gain experience at some early pipeline projects in late 
2018 and early 2019, the Lakeside Pipeline scope was later expanded to include enhanced design 
and operational requirements that were necessary to ensure optimal system performance, safety, 
economic efficiency, and long-term reliability. These design changes increased the costs of the 
systems we provided, and we consequently charged the project a larger amount than we 
estimated in the 2018 budgets. 



IT Network Infrastructure

In addition to the site-specific design changes described in the various letters regarding the 
individual projects, our company also provided a centralized internet networking and remote 
control system for the entire cluster. Our original design from 2018 was based on the Calgren 
Dairy Fuels design, where a single programmable logic controller at each digester would regulate 
biogas flow and log data for carbon credit generation and operational needs. However, our 
experiences after the Calgren Dairy Fuels startup showed that this level of networking was 
insufficient for a project of this size and complexity. In response to this, for the Lakeside Pipeline 
project, we added cluster-level telecommunications. This networking addition was packaged as a 
single contract and included the following capabilities: 

EI provided consultation, design, administrative and field installation of the IT network
needed to communicate between multiple digester sites and the biogas injection hub. This
proposal included a 5GHZ network wireless system, as well as supporting equipment.
This allowed SCADA interface, cameras and internet connectivity to each digester and
the biogas injection hub. This network is critical to provide RS485 communication
between the cluster-wide network and the biogas injection hub SCADA system through
the SCADA interface cabinet located within the PDC at the Hub.
We included site-level radio communications towers, with airfiber, powerbeam 5AC
Gen2, and airmax AC antennas.

Sincerely, 

Marc Catalano, CEO 
marc.catalano@energyinnovations.com 
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