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Executive Summary 

This report provides an evaluation of a phased approach to initially implement landfill gas 

treatment for future conversion to CNG fuel. The findings of an initial feasibility study 
(Wenck, December 2014) indicated that, although the use of landfill gas (LFG) conversion to 
CNG for City fleet fuel was technically feasible, the initial total project costs were 

prohibitive. Implementing a phased approach would not only enable to City to effectively 
utilize their Qualified Energy Conservation Bond in the amount of $2,875,000 they were 
allocated for renewable energy projects, but would also position it well to efficiently 
implement LFG to CNG conversion at a later time. This report evaluates the options, 

retrofits, equipment and costs necessary for the following phased approach: 
 

1. Phase 1: Implementation of LFG treatment at the existing compression building for 

future conversion to CNG. The treatment methods required would be hydrogen 

sulfide (H2S) removal, moisture removal, and Siloxane removal. The treated LFG 

would then be sent to the landfill’s generator and boiler systems via the existing gas 

transmission pipe. This Phase also evaluated the equipment, building modifications, 

and costs to provide the same level of treatment for the portion of the existing gas 

flow that is currently sent to Cargill for use in their boiler system. 

2. Phase 2:  Further treatment of the gas at the landfill transfer building to remove 

CO2, compress to CNG pressures for vehicle fuel and install a fueling station.  

The existing landfill gas collection and treatment system was evaluated to determine what 
modifications would be needed at the existing compressor building including potential 
additions, electrical system upgrades and monitoring requirements. Design parameters for 

the system and equipment requirements were set based on anticipated future design flow 
requirements for the existing generator (300 scfm), existing transfer station boiler (100 
scfm), future CNG (400 scfm) as well as required removal and treatment requirements.  
In order to develop comparative cost scenarios for building expansions, electrical 

requirements, and equipment placement, preliminary flow diagrams and system layouts 
were developed. Two options were evaluated: 
 

1. Option 1 would treat the entire gas flow prior to the compressors for H2S removal 

(2,000 scfm), moisture removal on the entire gas flow following the compressors, 

and siloxane removal on only the portion of gas flow to the generator and boiler and 

for future CNG (800 scfm).  

2. Option 2 would treat the Cargill gas stream (600 to 800 scfm) for moisture removal 

only (per current contract) and treat the remaining gas stream (800 scfm) for H2S 

and siloxane removal for the generator, boiler, and future CNG. 

Equipment vendor costs were obtained for both of the above options As a result of the 
findings on the cost portion of the above options analysis Wenck recommends Option 2 that 

would reduce the initial capital and future operating costs for a future conversion of LFG to 
CNG. In addition to equipment vendor costs, building modification costs, piping, electrical, 
and monitoring costs were also evaluated to determine a preliminary cost estimate for total 

construction costs for Phase 1 of this project. The preliminary construction costs for Phase 1 
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are $2,474,000 with a total cost for both Phases of $5,988,000. A summary of the costs is 
included below: 

 

Item Description 
Estimated 

Cost 
Comments 

  

Phase 1 

  

1 Building modifications $132,000  

2 Equipment Costs $1,735,000  

3 Equipment Installation $188,000   

4 Piping supply and Installation $86,500   

5 Generator governor actuator        $33,600   

6 New electrical service  $25,000   

7 Overall electrical Installation $135,000   

8 Final Engineering $140,706  6% of 

construction 

  Total Construction $2,475,806   

  Contingency $247,580  10% of 
construction 

  Total Construction Cost Phase 1  $2,723,386   

    

 Estimated Phase 2 Costs $3,514,300  

    

 Total Future Costs of Both Phases $6,237,686  

    

 
It is recommended that the City of Fargo proceed with the Phase 1 portion of this project for 
the following reasons: 

� The implementation of landfill gas treatment would reduce the maintenance 

expenses for the existing system 

� The implementation of Phase 1 would enable the City to capitalize on the QECB to 

assist in funding the project.  

� Portions of the existing system, ie. Flare, compressors, are at the end of the useful 

life and need to be replaced in the near future. This project would provide 

replacement opportunity as well as provide for additional treatment of the landfill gas 

making it more desirable for potential users. 

� The initial implementation of landfill gas treatment would position the City well for 

future conversion to CNG fuel when the timing was optimal to do so. 
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1.0 Introduction 

1.1 Project Understanding 

 
The City of Fargo retained Wenck to complete a feasibility study (completed December 
2014) to assist them with the potential incorporation of Compressed Natural Gas (CNG) as 

fuel for its transit buses and solid waste collection vehicles. The study also included the 
feasibility using  landfill gas (LFG) converted to CNG.  
 
Four options were evaluated in the feasibility study for comparative purposes as listed 

below: 
 

1. Pipeline CNG Fueling Station at Central Garage (Vehicle Fuel) 

2. Pipeline CNG Fueling Station at the Landfill (Vehicle Fuel) 
3. LFG Conversion to CNG Fueling Station at the Landfill (Vehicle Fuel) 
4. LFG Conversion to CNG at the Landfill (Generator Fuel) 

 

The study revealed from a technical aspect the project would be feasible, however, the 
funding level required to complete the entire project was in excess of $5,000,000 and 
therefore it was decided to break the project up into phases. Previously, the City had been 
allocated $2,875,000 from the North Dakota Industrial Commission from a Qualified Energy 

Conservation Bond (QECB). QECB’s are interest free bonds that can be sold by project 
sponsors to finance “qualified” renewable energy projects. Projects related to the utilization 
of LFG are considered qualified projects. Only options 3 and 4 above would qualify for the 

$2,875,000 QECB bonding allocation due to the use of LFG. 
 
Based on the economics of the four options and the need for retrofits of the Central Garage 
and Metro Transit Garage for the storage and maintenance of CNG vehicles, it was 

recommended that the City take a phased approach to the utilization of CNG. Since the 
QECBrequire the use of landfill gas, it is recommended that Phase 1 be the implementation 
of treating the LFG at the blower building for future CNG including hydrogen sulfide (H2S) 

and Siloxane removal. The treated LFG would then be sent to the landfill generator and 
boiler via the existing underground pipe.  
 
Phase 2 would consist of tapping into the same pipeline near the transfer building, further 

treatment of the landfill gas to remove CO2, compress to CNG pressures for vehicle fuel and 
install a fueling station. If the City intended to store and perform maintenance on CNG 
vehicles at this site there would also be a need to complete retrofits to the building where 
those operations would occur.  

 
1.2 Project Objectives 
 

This Engineering Design Basis Report evaluates an upgrade to the existing compression 
station (including controls) or a new system, LFG cleanup equipment to include; hydrogen 
sulfide removal equipment, a blower, and siloxane removal equipment and CNG equipment 
(compressor and fueling station), located at the City of Fargo Landfill.  

 
In addition, the City also wanted to evaluate the capital and operation and maintenance 
costs for sending conditioned/treated (removal of H2S and siloxanes) landfill gas to Cargill. 
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The report will encompass overall conceptual design of Phase 1 as well as a phased 
approach as recommended in the CNG Feasibility Study. The phased approach would entail 

two phases, with the Phase 1 including: 
 

• Upgrade to the existing compression system,  
• Clean-up of approximately 800 cfm of landfill gas for H2S and Siloxane removal to be 

sent to the onsite generator and boiler system.  
 
The Phase 2 would include the installation of: 
 

• Additional clean-up equipment for CO2 removal 
• CNG compression system 
• CNG fueling station.  

 
This document serves as a preliminary assessment of the options listed above. A final 
engineering document on one selected option should be performed prior to implementation.  
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2.0 Existing System Evaluation 

 

2.1 Introduction 
 
Wenck completed an evaluation of the existing landfill gas equipment. The landfill currently 

generates a total of about 1200 scfm of landfill gas. The gas is used as follows: 
 

• approximately 600 - 800 scfm of landfill gas to Cargill for use as a boiler fuel 
• approximately 300 scfm used in the onsite electrical generator 

• and approximately 70 scfm used in the onsite boilers during cold weather.  
 

The existing system is shown in the Figure 2-1 below. 

 
Figure 2-1: Existing System 

 
 
2.2 Compression System 
 

The original landfill gas collection and 
compression system was installed in 2001 
and was designed for 1,200 scfm (cubic feet 
per minute) gas flow rate at 20 psi discharge 

gas pressure. This design flow rate includes 
the compressors, air/water separators, 
intercoolers, the refrigerated chiller to 

remove moisture, and the enclosed flare 
system. 
 
The original compression systems which have 

been in use for over 14 years, consists of 
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dual – two stage compression on one skid. The compression systems on this skid are 
referred to as compressor systems 1 & 2. The compressors are nearing the end of their 

design and operating life. Rebuilding the existing compressors is not recommendedas 
service parts are no longer available. Therefore a replacement of these compression units is 
recommended. 

 

The existing number 3 compression system was installed in 2008 and is rated at 600 scfm, 
with a single – two stage compression system. This compressor is tied into the skid for 
compressors 1 & 2 prior to the aerial coolers and moisture removal system. This unit can be 
utilized in the redesign and will be part of the new system. 

 
The original moisture removal system has required several  chiller system repairs over the 
recent years. The current moisture removal system is also located in an area that does not 

allow for expansion to accommodate higher flow rates. Therefore a replacement of the 
existing moisture removal system is recommended. 
 
2.3 Electrical Control System 

 
The current electrical system is designed for 
1,200 scfm and has a newer 600 scfm 

compressor backup that has to be manually 
started when needed. 
 
The electrical control system for the Number 1 & 

2 compression has limiting controls including no 
communication or interlocking between 
compressor skids, no intermittent control over 
the bypass valve, no ability of the flare to self-

ignite, no supervisory control system, and no 
data acquisition capability. 
 

The electrical control system for the number 3 
compression system does not communicate with the existing system 1 & 2 and does not 
automatically start when part or all of system 1 & 2 goes down. Therefore a new electrical 
and control system is recommended. 

 
2.4 Building Enclosure 
 

The system was originally designed to be an outdoor facility with no building enclosure. 
After the initial operating of compressors 1 & 2 during cold weather, it was quickly apparent 
that a building needed to be built around the equipment to keep the system operational 
during freezing temperatures. The original building was constructed in 2002. When 

compressor 3 was added a building addition was 
also constructed. In order to have sufficient 
indoor height clearance and allow for a 
continued roof pitch, the floor on this building 

addition was constructed approximately 1-1/2 
feet below the original floor height, which makes 
Foot traffic between the two buildings difficult 

and precludes the transfer of maintenance 
equipment between the two areas without going 
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around the outside of the building. The building experiences significant internal temperature 
swings through summer and winter, the building in not insulated and has minimal 

ventilation. The building does contain a ventilation fan to assist with cooling during the 
summer months. The building is not insulated and can get extremely cold in the winter 
months.  The vent fans are also connected to a methane monitoring system that determines 
if a high level of methane is detected and the fans would be kicked on to ventilate the 

building. If the methane level reaches a second pre-set level a shunt trip breaker will isolate 
power to the building. 
 
2.5 Electrical Switchgear 

 
The electrical switch gear is located in the original building and is not isolated from the gas 
compression/generating equipment. Since the original installation was designed to be 

outside, there would have been no initial issues with electrical gear in close proximity to 
landfill gas collection and compression. The electrical switchgear needs to be isolated from 
the equipment area. 
 

2.6 Remote Monitoring 
 
The existing remote monitoring system is not 

functioning as intended. This system was to be 
used to track various operational items within the 
gas compression system such as operating 
pressures, gas flows, temperatures, and moisture 

levels, as well as operational status of the 
equipment. 
 

2.7 Enclosed Flare 
 
The existing flare is capable of handling up to 
1,200 cfm. The flare system was originally set to 

self-ignite when conditions warranted a need for the flare. This feature has not been 
operational for some time and the flare does not automatically start when conditions 
warrant. Based on the age and capability of the flare a new flare is recommended that can 

handle higher flow rates and can also provide siloxane destruction. 
 
2.8 Existing Generator 
 

The existing generator is limited to operation within a methane variation range of 10%.  

Butler Caterpillar (CAT) has recommended a new governor actuator be installed that will 
allow the generator to run on almost any methane content.  This feature gives more 
flexibility to running the generator at various gas qualities. 
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3.0 Design Requirements 

3.1 Introduction 

 
As a result of the evaluation of the existing system, it is recommended that a major portion 
of the existing equipment be replaced. The initial goal is to replace the existing 1,200 scfm 

compression system (compressors 1 & 2 and gas chilling equipment) that is past its useful 
life and provide a system that is reliable and expandable to account for future flow rates and 
CNG capability. Ultimately the system will need to be sized, or capable of being expanded to 
handle increasing landfill gas flows as more gas is generated and as the well field is 

expanded.  
 
The system will be designed with the following parameters: 

 
• Generator 260 scfm (H2S, moisture and siloxane treated) 
• Boiler in transfer station 70 scfm (H2S, moisture and siloxane treated) 
• Future CNG 400 scfm (H2S, moisture and siloxane treated) 

• Cargill  600-800 scfm (moisture conditioned, (H2S and siloxane treatment not 
required at this time) 

• Replacement of the existing 1200 scfm flare to a new flare with 2,000 scfm capability 
and siloxane destruction 

• Replacement of compressors 1 and 2 for 1,400 scfm 
 
As shown in Figure 3-1 it is estimated that the landfill will reach a maximum of ~2,600 cfm 

of landfill gas generation. The active gas collection system efficiency of recovering landfill 
gas varies with well field coverage, waste composition and the existence of a final cover 
system. The EPA’s AP-42 identifies a range of 60-85% gas collection recovery from landfills, 
with 75% as “typical” for sites with comprehensive wellfields. Therefore future equipment 

design will be designed for a flow rate of up tp 2,000 scfm. 
 
The existing #3 compressor is 7 years old, has 600 cfm capacity, and in good condition. At 

a minimum, replacement/upgrade of compressors 1 & 2 is needed to maintain current 
landfill gas odor control, based on the modeled landfill gas generation curve as shown in the 
figure above and to ensure the system stays operational with updated equipment that has 
parts available when needed. 

 
Automatic switching of compressors, as well as repair of system monitoring, will be 
necessary to continue to control the LFG system and track trends. 
 

Designing the replacement compressor skid for compressors 1&2, will require that two 
compression systems be included and controlled such that either one can be down for 
maintenance and allow #3 compressor to operate as the backup. In the future, as gas flow 

continues to increase, another compression system will be installed to achieve redundancy 
in the system. 
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Figure 3-1: Fargo Landfill Gas Generation 
 

 
 

 

The system will be designed to have capability to remove the H2S component of LFG as it 
shortens maintenance interval requirements on compressors and generators and would be 
necessary for CNG production. As a cost saving measure, the placement of the H2S unit will 
be prior to the compressors ., Placing the H2S removal unit on the high pressure side 

increases the costs.. 
 
Since we are recommending to follow the phased approach and adding future CNG 
compression, the electrical equipment will be isolated to meet National Fire Protection 

Agency (NFPA) guidelines designated as explosion proof. This will require providing a 
separate room for all electrical distribution panelboards and switch gear, and also require 
explosion proof motors, electrical enclosures, and wiring within the processing area. The 

building area will require modifications for insulation and proper ventilation to control 
temerperature swings during the various season.  
 
3.2 Phase 1 
 

The Phase 1 of the system will require upgrading/replacing the existing compression 
systems 1&2, replacing the flare, and clean-up of approximately 400 cfm of landfill gas to 
be sent to the onsite electrical generator and the boilers. This includes removal of moisture, 
H2S and Siloxane. 

 
Two options for proposed treatment systems for H2S and siloxanes are included in this 
report. The first option calls for the removal of H2S prior to any landfill gas compression 

system. This option would require the entire gas stream to be treated for H2S removal with 
siloxane removal completed only on gas for the generator, boilers, and future CNG 
equipment. 
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The second option would treat only the gas used onsite for H2S and siloxane, which would 
requiretwo different compression systems each with its own moisture removal system and 

back up compression. Since the plan is to use the existing #3 compressor as a backup, two 
gas flows would increase capital costs but reduce annual operating costs. 
 
Siloxane removal can be installed after Phase 1 compression. This allows the landfill 

compression system to have a separate treatment for gas going to the City of Fargo and 
Cargill without the same issues as above. The siloxane removal system uses a flare to burn 
off concentrated contaminates and requires natural gas or landfill gas to operate. The 
existing flare cannot be modified to handle the flow off of the siloxane removal system.  

Therefore a new flare will be designed for both existing landfill gas flows, and siloxane 
system effluent, as well as for future landfill gas flow. 
 

The second option system would only treat landfill gas being used at the generator, boiler 
and future CNG equipment for H2S and siloxane removal. The H2S removal system needs to 
have saturated gas to work properly and has to be a low pressure (<15 psi). A system with 
a pressure higher than 15 psi falls under a different set of standards for the system design, 

thus significantly increasing capital costs. This option requires an additional blower to 
increase the pipeline pressure for gas being sent to Cargill. This option also allows for 
options of future gas usage and the level of treatment. 

 
Options 1 and 2 are discussed in more detail in Section 4 and 5. 
 
3.3 Phase 2 
 

Phase 2 of the system would consist of further treatment of the LFG to  produce gas that 
meets natural gas standards  
that can then be compressed to CNG as a sustainable energy source.  
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4.0 Proposed Potential Improvements 

4.1 Compression System 

 
The long term design flow rate through the system is 2,000 scfm. It is recommended to 
incorporate the existing #3 compressor into an upgrade of compressor 1 & 2 system in a 

phased approach. Therefore, multiple compression systems that produce approximately 700 
cfm each are recommended. Further, if the final system has four new compression systems 
at 700 cfm each (two in Phase 1, and two more as additional landill gas is available), then 
#3 compressor with 600 cfm capacity could act as the back up to all the new compressors.   

 
Similar to the present system, heat generation from equipment will be used to heat the 
building in the winter and will be vented to atmosphere during times it is not needed.  

 
As requested, all new equipment will be provided with capability to add SCADA system 
monitoring of the processing the future. 

 

4.2 Gas Treatment 
 
Two options for Hydrogen Sulfide (H2S) removal are addressed in the following sections. The 
options consist of treating all landfill gas for removal of H2S or removal of H2S only from 

the gas that will be used onsite. Siloxane removal is anticipated to only occur for the gas 
that will be used onsite. The H2S removal system needs to be located outside and the 
siloxane removal system can be installed either in a building or outside, currently both 

treatment units are planned to be installed outside. 
 
4.3 Building Enclosure 
 

The existing building has sufficient space to house the new Phase 1 compressors and new 
moisture removal system provided that compressor 3 is moved to allow room for the 
moisture removal equipment. A building addition will be necessary for the additional 

compression equipment once gas generation warrants the need. The H2S system will require 
a large concrete pad to support the vessels and would be located along the east side the 
existing building. To minimize temperature extremes in the building, insulation of the 
interior walls and roof is recommended along with installation of a sheet metal interior.  

Additional ventilation will be installed for summer cooling as well as to take advantage of 
compressor heat for winter conditions.  Note that excess heat will be discharged outside 
when heat for the building is not required.  
 

4.4 FLARE 
 
The existing flare cannot be upgraded or used in the future commissioning as the 

manufacturer is no longer in business. It cannot be modified to handle higher flows or the 
destruction of siloxanes as needed. 
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5.0 Process System Design 

5.1 Introduction 

 
 
The proposed system improvements include building modifications, equipment layout, 

equipment selection based on design components and cost information, as well as electrical 
site design improvements. Preliminary flow diagrams for system options and equipment 
layout provide information necessary for decisions on building layouts. In addition, the 
treatment equipment required for proper compression, moisture conditioning, and H2S and 

siloxane removal are all integral in developing the phased design approach desired by the 
City. The two phases that will complete the entire system include: 
 

• Phase 1 – Convert landfill gas to CNG 
• Phase 2 – Installation of the CNG compression and fueling system 

 
5.2 Preliminary Flow Diagrams and System Layout 

 
It is recommended that Phase 1 include a new compressor skid capable of handling 1,400 
scfm and moisture control for 2,000 scfm. Therefore, the compressor skid would be 
designed for two new 700 scfm compression systems whereby one can be down for 

maintenance while the other is running, which takes advantage of the existing compressor 
#3 - 600 cfm compression system as a backup. Having 2,000 scfm moisture conditioning 
capacity allows for system flow increases over time as all three compressors could be used 

to get up to 2,000 scfm.  
 
Two layout options for treating of the landfill gas for moisture, H2S, and siloxane removal 
have been evaluated. Option 1, as shown in Figure 5-1 would treat the entire gas stream 

prior to the compressors for H2S removal. Moisture removal would be provided after the 
compressors for the entire gas stream. Siloxane removal would be completed on the gas 
stream to be used for the generator (260 scfm), boiler (70 scfm), and future CNG 

equipment (400 scfm) for a total design flow of 800 scfm. See Option 1 - Landfill Gas 
Stream Treatment - Figure 5-1 
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Figure 5-1:  Option 1 - Landfill Gas Stream Treatment 
 

 
While Figure 5-1 shows all the landfill gas going through the H2S removal system, there 
would be a bypass designed in the overall system to allow all the gas to be flared without 
treatment, should both Cargill and the City of Fargo not require landfill gas.  

 
In Option 1 the H2S removal system would be designed to handle the full expected landfill 
gas generation of 2,000 scfm,  since the capital cost difference from designing for current 

flows of 1,200 scfm to 2,000 scfm are very minimal. 
 
 
Option 2, as shown in Figure 5-2 would treat the Cargill gas stream for moisture removal 

only (per current contract requirements). Treatment for H2S and siloxane would be 
implemented on the remaining gas stream for the generator, boiler and future CNG 
equipment. The H2S removal system  requires saturated gas to operate as intended and has 

to be at low pressure (<15 psi). A system with a pressure higher than 15 psi falls under a 
different set of standards for the system design, thus significantly increasing capital costs. 
An additional blower will be needed to increase the pipeline pressure for gas being sent to 
Cargill to meet the contract requirements for delivery pressure. Upgrades to Option 2 are 

also shown that would provide either or both H2S and siloxane removal on the gas flow to 
Cargill if they would require a higher quality gas.   
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Figure 5-2:  Option 2 – Landfill Gas Stream Treatment 
 

 
 
Option 2 would require the H2S removal system be designed for a flow rate of 1,200 scfm. 

 
The siloxane removal systems would be sized for 800 scfm 
 
For either Option 1 or 2 both the compressor skid and the moisture removal system would 

be installed in the existing building. The existing compressor skid with compressors 1 & 2 is 
obsolete and would be removed and replaced with the new 1,400 scfm skid. The new 
moisture removal system is physically larger than the old one and as such #3 compressor 

would be moved to the west to allow space for the new moisture removal system. The 
existing moisture removal system would be removed and discarded. Installation of the 
future compression system would require a building expansion that would house another 
1,400 scfm skid and meet the future design flow rate of 2,000 scfm along with providing 

redundancy of the system. Wenck recommends that the City move forward with Option 2. 
This option allows options on future treatment of landfill gas as needs arise. See Figure 5-3 
below. 
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Figure 5-3: System Layout 
 

 
 

 
In order to utilize the existing building, to the highest extent possible, the following steps 
would be followed to stage this installation.  

 
1) Build new electrical room and install new switch gear for Phase one upgrade, 

along with concrete pads for H2S removal, Siloxane removal, and moisture 
removal condenser pad. 

2) Build an office area to house record keeping material and provide a space for day 
to day operations. 

2) Install new electrical feed from existing transformer to the new electrical room but 
do not make final connections to the transformer. 

3) Relocate #3 compressor, install new moisture removal system, new H2S removal 
system, and new Siloxane removal system.  

4) Run conduit and wiring from new electrical room to new equipment listed above.  

5) Replace compressor 1 & 2 with the new compression system, make final tie-in 
from existing transformer to the new electrical room, and wire all new equipment 
(8-10  weeks of downtime is expected for this changeover). 

 

 
5.3 Compression System 
 

5.3.1 Compression Equipment 
 
Perennial Energy (PEI) custom builds compressor skids and has proposed one skid with dual 
compressor systems to handle the Phase 1 flow rate of 1,400 cfm. As required, this system 

can run 700 scfm or 1,400 scfm to allow maintenance and to also use the existing #3 
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compressor as a backup. Included in the compression system cost is the moisture removal 
system also rated at 1,400 scfm and is a total of $684,500. When one of the new 

compressors is not running and the existing #3 compressor is, the controls from PEI will 
adjust the compressor rpm, using a VFD to meet the demand loads. 
 
Unison builds similar systems with the same moisture removal and variable speed controls. 

Their system at 1,400 cfm would be $750,000. 
 
PEI has also provided costs for engine driven compressors, if the City of Fargo is so inclined 
to consider this option. Engine driven compressors would save about $200,000 in electrical 

operating costs over electric motor driven, and would give the City a more robust narrative 
on green energy initiatives. However, potentially there would be more maintenance required 
on engine driven compressors, and there is no option to run at 700 scfm as required to 

allow #3 compressor to be a backup.  
 
The capital costs for both the electric motor driven compressor options and engine driven 
compressors at 1,400 and 2,800 scfm from PEI is shown in Table 5-1 below. 

 
Table 5-1: Compressors and Moisture Conditioning 
Flow 

Rate 

Electric Motor 

Compression 
Capital Comments 

Additional 

Comments 

1,400 Unison $750,000 
Single Skid, two 

compressors 

Heat recovery, gas 
intercooling, and 

moisture removal on 
a separate skid 

1,400 
PEI 2 stage dry 

compression 
$648,500 

One skid to hold two 
compression systems only 

Heat recovery, gas 
intercooling, and 

moisture removal on 
separate skid 

1,400 
PEI Sliding 

Vane 
$787,000 

One skid to hold one 

compressor plus future 
compressor 

Single Stage, oil 
injection 

1,400 
PEI Sliding 
Vane - Oil 
Injection 

$777,000 
One skid, plus room for 
future compressor, CAT 

engine, Leroi compressor 

Using landfill gas, 
Further heat recovery 

available from 

engines 

2,800 Unison $1,500,000 
Two Skids, two compressors 

each 
Same as above 

2,800 
PEI 2 stage dry 

compression 
$1,101,500 

One complete skid, four 
compressors 

Same as above 

2,800 
PEI Sliding 

Vane 
$1,161,500 

One complete skid, with two 
compressors 

Single Stage, oil 
injection 

2,800 

PEI Sliding 

Vane - Oil 
Injection 

$1,058,000 

One complete skid, 2 Cat 

engines, 2 Leroi 
compressors 

Using landfill gas, 
Further heat recovery 

available from 
engines 

     

800 
PEI Single 

Stage for Cargill 
$176,500 

One complete skid with a 
single compressor 

Includes moisture 
removal 

 

Due to the level of compression, from -55 inches of water to 10-20 psig, there are two 
options for compression. The two stage oil free system, currently installed, uses intercooling 
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coils to cool the first stage prior to compressing to final pressure. This is necessary to 
prevent overheating of the second stage. This option was proposed by both PEI and Unison. 

A total of Two compressors would be used to reach the maximum flow rate of 1,400 scfm. 
Again, these would be matched pairs where first and second stage compression is done with 
two compressors, so both would run as a tandem unit. The other option is to use an oil 
injection single stage sliding vane compressor that uses the oil injection for cooling. Because 

of the oil injection cooling, the above compression can be done with one larger compressor 
rather than two smaller ones. To reach 1,400 cfm, two of the oil injection machines would 
be used. The cost for sliding vane compressors over oil free is an additional 15% for the 
intended size range. The engine driven option above proposes these single stage oil 

injection/sliding vane compressors as well since it is more economical to have only one 
engine driving a larger machine. Note that oil separation on the discharge gas is needed on 
the sliding vane compressors.  

 
All compressor skid proposals include air/water separators, heat exchange of cold outgoing 
gas with hot incoming gas to reduce this cooling load for maximum energy efficiency. 
Separate moisture removal skids are also included in each offering above using glycol 

chillers and heat exchangers to get to a 40 degree dew point.  
 
If option 2 is the choosen option there would be a need to install an additional blower (800 

scfm) and moisture removal system on the pipeline to Cargill. This blower would be needed 
to meet the delivery pressure required through the contract with Cargill. The cost of this 
blower is approximately $176,500. 
 

Summary / Recommendation from Table 5-1  
 
A compressor system that is capable of processing 1,400 scfm is recommended along with 
an additional compressor and moisture removal system for supply of gas to Cargill is the 

recommended option. The PEI, 2 stage dry compression along with the PEI single stage 
compressors cost approximately $861,000 ($684,500 plus $176,500).   
 

 
5.4 Gas Treatment 
 
5.4.1 H2S Removal Equipment 

 
Current landfill gas samples show over 1,200 ppm of H2S in the landfill gas. The typical 
engine/generator sets (gensets) recommend less than 100 – 200 ppm of H2S to minimize 

maintenance labor. The existing 1,200 ppm H2S level may be a significant cause of the 
additional maintenance issues on the existing genset. In addition, future CNG production 
requires removal of Siloxane as well as H2S.  
 

As previously discussed, there are two options available for treatment of the landfill gas for 
H2S. Option 1 would allow for treatement of the entire gas stream (2,000 scfm) while 
Option 2 would allow for treatement of the gas being used in the generator, boiler and the 
future CNG equipment (800 scfm). 

 
Willexa Energy, LLC (Willexa) has a regenerative filtering system that provides advantages 
on operating costs, as well as common landfill disposal of waste filtering media. A 

regenerative system works much the same way as a home water softener, but instead of 
using salt, it uses a small amount of soda ash dissolved in water. One vessel would be 
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cleaned while the next one is online. The solution of soda ash and water is recirculated 
through the vessel that is in a cleaning mode to regenerate the filter media and thereby 

clean and remove particulates. Once the cleaning phase is complete, that vessel is put back 
on-line and the next vessel that has filter buildup can be cleaned. The Willexa system is 
from MV Technologies, MV Technologies guarantees that their treatment equipment can 
achieve 15 ppm of H2S. The cost for a 2,000 scfm system for Option 1 is $480,000. Because 

of the regenerative cleaning design, the frequency of media change is expected to be 6 
months. Two to three vessels would be used allowing one vessel media to be cleaned or 
changed while the others are being used. Annual operating expenses are estimated to be 
approximately $150,000. A H2S system for Option 2, at a flow rate of 1,200 scfm is 

$424,000 with an annual operating cost of $369,700. 
 
Unison Solutions, Inc. (Unison) has a filtering system for H2S removal that has special waste 

handling needs and more frequent change of filter media. Unison has indicated that their 
treatment equipment can achieve 10 PPM of H2S. The cost of a 2,000 cfm system is 
$1,200,000 with annual operating costs of $420,000. A system for Option 2 from Unison at 
1,200 scfm is $850,000. Either way, the frequency of media change is every 2 months 

which adds a lot of labor to the equation. Unison uses seven vessels; so again, one can be 
changed while the others are being used. 
 

Annual operating cost of media change for Unison Solutions with Option 2 would be 
approximately $210,000 for Unison. 
 
BioClean H2S removal system was also considered, but not recommended as the set up time 

is long, the effluent is highly acidic, and the capital and labor cost are prohibitive. 
 
See Table 5-2 below for details and differences in capital and operating costs for Option 1. 
 

Table 5-2:  Capital vs. Operating Costs 

Option 1 – Treatment of H2S Before Compression 

Flow Rate H2S Removal (1,200 ppm down to 100 

ppm) 

Capital Yearly 

Operating 

               

800  
MV Technologies H2SPlus - Regenerative $350,000 $75,000 

           

1,200  
MV Technologies H2SPlus - Regenerative $379,000 $136,000 

           

2,000  
MV Technologies H2SPlus - Regenerative $480,000 $160,000 

           

2,600  
MV Technologies H2SPlus - Regenerative $519,000 $204,000 

           

1,200  
Unison 1,200 cfm – 4 vessels $850,000 $210,000 

           

2,600  
Unison 2,600 cfm – 7 vessels $1,200,000 $420,000 

 

Option 2 will require a H2S removal system that would be designed for a flow of 1,200 
scfm. This option would require the installation of an additional compressor in order to 
provide the required discharge pressure to Cargill.  
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See Table 5-2 below for details and differences in capital and operating costs for Option 2. 
 

Table 5-3:  Capital vs. Operating Costs 

Option 2 Treatment of H2S After Compression (Fargo Gas Only) 

Flow Rate H2S Removal (1,200 ppm down to 100 ppm) Capital Yearly 

Operating 

               

400  
Willexa Dry System  - 2 vessels $299,000 $73,929 

               

800  
Willexa Dry System - 2 vessels $299,000 $147,857 

           

1,200  
Willexa Dry System - 3 vessels $424,000 $295,714 

           

2,000  
Willexa Dry System - 3 vessels $424,000 $369,643 

400               Unison Dry System - 2 vessels $280,000 $63,000 

800                Unison Dry System - 2 vessels $280,000 $126,000 

           

1,600  

Unison Dry System - 4 vessels $560,000 $252,000 

           

2,000  

Unison Dry System - 6 vessels $840,000 $315,000 

 
Summary / recommendation from Table 5-2 and 5-3 above:  
 

Wenck recommends moving forward with Option 2 to reduce the capital and future 
operating costs.  Therefore, a system that removes H2S should be sized for 1,200 scfm. 
This will allow for treatment of the gas for the generator, boiler and future CNG equipment.  
Unison 800 is $280,000 capital and yearly media cost of $126,000.  The Unison equipment 

is modular and would allow for expansion of the system if the need arises. 
 

5.4.2 Siloxane Removal Equipment 
 

Current landfill gas samples show a concentration of approximately 2,315 ppm (26 mg/m3) 
of siloxanes in the landfill gas. In order to convert the landfill gas to CNG the siloxane level 
needs to be reduced to less than 5 ppm. Volatile organic compounds (VOCs) and non-
methane organic compounds (NMOCs) are also reduced through the siloxane removal 

equipment. Willexa Energy has proposed a regenerative siloxane removal system that flares 
off the concentrated siloxane gas. It uses hot air to regenerate the media bed and requires 
media change about every 18 months. System capacity required is approximately 1,570 cfm 

so a 1,800 cfm system would be needed if all the gas going to Cargill, the existing genset, 
the existing boiler, and future CNG system was treated. The cost for that size from Willexa 
would be about $498,000, and the annual operating cost is about $17,000. 
 

Unison has proposed modular systems at 400 cfm and 800 cfm. From there, they suggest 
matching multiple units to meet design flow rate requirements. The modular system costs 
are $110,000 and $150,000 respectively. The yearly operating cost for media change is 

approximately $43,000 and $130,000. To treat the required flow we would need two 800 
cfm systems so $300,000 capital and $258,000 in yearly operating costs. Note that Unison 
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did indicate that for higher flow rates, they would recommended we go with the Willexa 
system as they are not competitive in this range due to high operating and labor costs. 

 
 
Table 5-4:  Siloxane Removal 

Flow 

Rate  

Siloxane Removal Capital Yearly 

Operating 

               

400  

Willexa - Regenerative - 2 vessel $450,000 $5,000 

               

800  

Willexa - Regenerative - 2 vessel $450,000 $10,000 

           

1,200  

Willexa - Regenerative - 2 vessel $480,000 $14,000 

           

2,000  

Willexa - Regenerative - 2 vessel $500,000 $17,000 

               

400  

Unison Filter Media - Activated Charcoal $110,000 $600,000 

               

800  

Unison Filter Media - Activated Charcoal $150,000 $840,000 

           

1,600  

Unison (2 - 800 cfm systems) $300,000 $1,680,000 

           

2,000  

Unison (2 - 800 + 1 - 400) $410,000 $2,280,000 

           

2,000  

Unison (Designed for 2,000 cfm) $250,000 $2,520,000 

 

Summary / recommendation from Table 5-4 above:  

 
A siloxane removal system can be sized for 800 cfm assuming for the gas flow for the 
existing genset, boiler, and future CNG equipment was treated. Unison 800 is $150,000 
capital and yearly media cost of $129,000. If siloxane removal is part of the Cargill gas 

supply, then the system would need to be sized for the 2,000 cfm system, the Willexa 
system would be about $500,000 and $17,000 operating, as opposed to Unison being 
$300,000 and 258,000 operating per year. If the City of Fargo decides to treat the Cargill 

gas, the Willexa system would make more sense on a financial and a reduced labor 
standpoint. 
 
 

5.4.3 Additional cost to treat Cargill gas (H2S and Siloxane treatment combined) 
 
The H2S system would theoretically go from 1,200 scfm to 2,000 scfm when conditioning 
LFG when conditioning LFG for Cargill in addition to original design flows.  

 
The additional Siloxane flow would go from 800 scfm to 1,600 scfm when conditioning LFG 
for Cargill. If the Willexa Siloxane removal system is selected, the additional cost to remove 

Siloxane in the LFG going to Cargill is $40,000 in capital, and $6,000 in additional operating 
costs annually. If Unison is used for Siloxane removal, the additional would be $150,000 in 
capital and $129,000 in operating costs annually. 



 

April 2016  5-10 

   

 
U:\Technical\0208\0133\Landfill Comprs_CNG DBM Report 04152016.docx  

 

 
 

Table 5-5:  Willexa vs. Unison Removal Cost 
 

Cargill Gas Treatment Additional Capital Yearly Operating 

Willexa $0 $74,000 

Unison $280,000 $129,000 

   

 
These cost represent the additional cost to the City of Fargo should the siloxane be treated 
and should be evaluated in future discussions on pricing with Cargill. 

 
 
5.4.4 Future CNG/RNG 

 
Pipeline grade CNG typically has tighter controls than Renewable Natural Gas (RNG) and 
needs to be monitored for compliance on a regular basis. This is due to CNG being 
introduced into a regulated pipeline where the energy industry has quality standards for 

commercial use. AlthoughRNG is similar in quality to CNG, it does not have to be monitored 
to the same level.  
 
As stated previously, to produce quality grade CNG/RNG, H2S and Siloxane have to be 

removed prior to high pressure compression, and the above proposed systems provide the 
majority of that removal. 
 

Unison has provided proposals for modular CNG/RNG systems. They remove any remaining 
H2S and Siloxane with carbon filters, and then also remove CO2 with membrane technology. 
From there they compress the gas to pipeline pressures similar to natural gas. 
 

The Unison 400 cfm system with compression, control panel, and winter enclosure is 
$1,332,800. The yearly operating cost is estimated to be $344,247 with media filter 
replacement as well as CO2 membrane replacement needed every two months. Startup 

services are estimated to be $100,000. The system would be engineered to provide natural 
gas supply as a backup to the landfill gas. Industry standards show that the compression 
systems have limited downtime and typically don’t see a redundant system installed. 
 

 
5.5 Building Enclosure 
 
Phase 1 of this project requires very little change for the existing compression building. The 

only building addition would be the new electrical room, and office. The new compressor 
would replace the existing compressor skid in the same location, the existing #3 
compressor would be moved to the west to make room for the moisture removal system, 

and the H2S removal and the siloxane removal systems would be installed outside. See 
Figure 5-2 above. 
 
Currently it is anticipated the CNG/RNG equipment will not be located in this same building,. 
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5.6 Electrical 
 

To meet NPFA guidelines for an enclosed gas compression system, a new electrical room 
needs to be built that is isolated from the process area. All electrical distribution, motor 
control switchgear, and electrical panel boards must either be installed in the room or be in 
explosion proof electrical enclosures. New equipment will be delivered with explosion proof 

motors and pre-wired to explosion proof electrical enclosures. New conduit and wire will 
need to be installed from the new electrical room to all equipment in the processing area. 
 
5.7 PHASE 2 - CNG/RNG System 

 
Modular compression systems for Phase 2, CNG/RNG have been proposed by Unison as 
listed below in Table 5-5. 

 
Table 5-6:  CNG/RNG Compression System 
 

CFM CNG/RNG Capital 
Yearly 

Operating 
Maint. 

Frequency 
Comments 

200      Unison $863,000 $212,714 2 months 1 -200 

400      Unison $1,332,800 $344,247 2 months 1 - 400 

800      Unison $2,760,000 $688,494 2 months 2 - 400's 

1,200    Unison $4,140,000 $1,032,741 2 months 3 - 400's 

 
The recommended CNG/RNG size is 400 cfm and as such, the combined CNG/RNG 
compression and fueling station equipment costs are listed below: 

 
Table 5-7:  CNG/RNG Compression & Fueling Station 
 

Description Capital Comments 

 Low Pressure Storage Tank  $155,000 Max. 250 psig 

 400 cfm CO2 & Compression  $1,332,800   

 Storage at Fueling Station  $450,000 3 Tank System 

 Fast Fill Fueling Station  $545,000 With Card Reader 

 Total Equipment  $2,482,800   

 Site preparation $100,000   

 Startup Services  $80,000 Fueling Station 

 Compressor Startup  $100,000   

 Total Site Prep & Start-up $280,000   

     

Final Engineering (6%) $165,800  

Total Construction $2,928,600  

   

Contingency (20%) $585,700  

 Overall total CNG & Fueling  $3,514,300   
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As you can see in Table 5-6 above, the equipment total for Phase 2 compression and fueling 

station combined is $2,482,800. The total start-up and site work is $280,000. The total for 
engineering is $165,800 for a Phase 2 toal of $2,928,600 before contingency.  
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6.0 Site Description and Conditions / Site Services 

6.1 Introduction 

 
Site shall be designed to comply with the current building codes. Additional information and 
discussions will be required to obtain information from The City of Fargo on site utilities, 

drainage and landscaping. See the aerial photo with building modifications and exterior 
equipment added below in Figure 6-1. The following summarizes our assumptions and areas 
to be reviewed: 
 

Figure 6-1:  Building Modifications and Exterior Equipment 
 

 
 

 
Site grade for proper drainage to be determined and subject to discussion with the City of 
Fargo. 
 

Existing facility power is currently provided to the property by Cass County Electric. A 
service will be run from the existing transformer to the new electrical room and electrical 
distribution equipment. A step down transformation to 208/3/60 will be provided.  

 

Fire Rating for compressor room shall be in accordance with IBC. 
 
The existing gas monitoring system will be reused for this project.  Future provisions for fire 

protection will be assessed at the time of future flow rate expansion.  At that time it may be 
monitored by a future SCADA system, and include: 
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� Gas detection 
� 20% LEL will start the building ventilation system 

� 40% LEL will shut down the equipment 
� Heat monitoring 
� Fire extinguisher 

 

6.2 Building Codes  
 
To be designed in accordance with the most current building codes, standards and bylaws, 
including but not limited to:  

 

International Building Code -2012 National Electrical Code - 2014 

International Residential Code - 2012 Laws, Rules, and Wiring Standards of North 

Dakota - 2014 

International Mechanical Code - 2012 International Energy Conservation Code - 
2009 

International Fuel Gas Code - 2012 International Property Maintenance Code - 
2012 

International Fire Code - 2012 NFPA #31 - 2006 

North Dakota State Plumbing Code - 2009 
(Uniform Plumbing Code - 2009) 

 

 

6.3 Process Equipment 
 

ASME B31 ASME Boiler and Pressure Vessel Code 

 
6.4 Electrical and Electronics 
 

Electrical and electronics for Commercial & Industrial Design Standards. Shall include but is 
not limited to: 
 

IEEE C57 for Transformers  

 
6.5 American National Standards Institute (ANSI): 
 

ANSI C57.12.00 – Standard General 
Requirements for Liquid-Immersed 
Distribution, Power, and Regulating 

Transformers 

ANSI C37.13 – Standard for Low Voltage 
AC Power Circuit Breakers Used in 
Enclosures 

ANSI C 37.41 – Standard Design Tests 
for High Voltage Fuses, Distribution 
Enclosed Single-Pole Air Switches, Fuse 

Disconnecting Switches and Accessories 
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6.6 The National Fire Protection Association (NFPA) 
 

NFPA 70: National Electrical Code NFPA 70B: Recommended Practice for Electrical 
Equipment Maintenance 

NFPA 70E: Standard for Electrical 

Safety in the Workplace 

NFPA 56: Standard for Fire and Explosion 

Prevention During Cleaning and Purging of 
Flammable Gas Piping Systems 

NFPA 497: Recommended Practice for 
the Classification of Flammable 

Liquids, Gases, or Vapors and of 
Hazardous (Classified) Locations for 
Electrical Installations in Chemical 

Process Areas 

NFPA 79: Electrical Standard for Industrial 
Machinery 

 
6.7 Other Applicable Codes 
 

International Standard for Electrical 
Installations of Buildings – IEC 60364 

NEMA.- National Electrical Manufacturers 
Association 

 

All electrical equipment shall be UL listed, UL508B for Control Panels 
NEMA MG-1 Motors and Generators, Switchboards to NEMA PB-2, and UL-891, switchboards 
may include any combination of protective devices including insulated case, (ICCB), 

molded-case circuit breakers (MCCB) listed per UL-489, fusible switches listed per UL-508 
and 977 and power circuit breakers listed to UL-1066.  
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7.0 Design Considerations and Approach 

7.1 Introduction 

 
Civil, Structural, Mechanical and Electrical Engineering, including drawings, plans, and 
specifications will be needed for the construction of the facility. This includes the related 

infrastructure and site services; site electrical supply, natural gas,  electrical supply to the 
process equipment, lighting,  and interconnection between the process equipment and new 
electrical room. 
 

In addition, engineering is necessary for electrical area classification drawing(s); the new 
compressor building will generally be classified Class I, Division 2.  
 

A programmable logic controller (PLC)/computer based control system shall be specified 
generally for the instrumentation, automation and control to provide continuous monitoring 
and control of the entire process to include gas flow rates, gas pressure, gas temperature, 
compression, process and equipment status at the facility. The short term system will be 

“architecture” level Allen-Bradley PLC s, or approved equal, which shall include a gateway 
capability for a variety of communication networks in order to accommodate an HMI 
(graphical “human machine interface”) system for operator interface and control that will be 
interfaced to the City of Fargo. The HMI – to provide all typical functions of a traditional 

Supervisory Control and Data Acquisition system – will integrate data historian, trending 
analysis, reporting and of course, supervisory control of the field PLCs via a supervisory 
PLC. It is likely that the HMI SCADA system will be installed at a later date as well so that 

care will be taken to specify PLCs with minimum level of networking capability in all 
individual process equipment scopes of supply for all suppliers. 
 
Logic diagrams and PLC/HMI programming and configuration shall be included for all 

automation and system control functions provided for the facility. Wenck will provide P&IDs, 
an Instrument List, and Control System Specification, schematics, Description of Operations 
and control panel assembly drawings for the equipment and construction tenders. 

 
The above control system will take into account plans for future interface protocol to the 
City of Fargo’s HMI-SCADA system, and to the Landfill Office HMI SCADA system. 
 

7.2 Electrical System Overview 
 
The landfill compressor facility processing loads will be connected to a 480V switchboard 
which will additionally distribute loads throughout the facility for lighting, HVAC and vendor 

equipment packages. The phase 1 Landfill Compressor Facility total load is anticipated to be 
approximately 290 KVA.   
 

The existing service at 300KVA will accommodate the replacement of compressor skid 1 & 2 
as well as the new equipment for phase 1 only. Upon approval to design the electrical 
engineering for phase 2, a new service size requirement will be evaluated and completed to 
accommodate additional compressor and future compressed natural gas and fuel station 

loads. 
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7.3 Building Electrical 
 

Electrical designs for the buildings will conform to the latest editions of the National 
Electrical Code, 2014. 
 

� A new 480/277 volt, three phase, four wire service entrance from Cass County 

Electric Cooperative (preferably underground) will be designed. A step down 
transformer will be provided at 120/208 volt, three phase, for lighting and HVAC. 

� Branch panelboards and branch circuits will be provided for new convenience 
receptacles, miscellaneous mechanical and equipment connections, lighting, 

emergency/exit lighting and other site electrical. Motor control centers will be used 
for process loads (pumps etc.). 

� Area Classification shall be Hazardous where required. Facility classification shall be 

provided by Wenck and conform to NFPA or PIP classification standards. Installation 
of equipment shall conform to the National Electrical Code, Article 500 Hazardous  

� Existing gas detection instruments’ with lower and upper percentage by volume of 
concentration of gas in gas-air mixture explosion limits will be tied into the new 

control system. These instruments will be set to start ventilation systems and to shut 
equipment down/send alarms at specific set points in the system. 

� Services necessary during construction will include periodic site visits, review of shop 

drawings, review of contractor progress, commissioning and start-up of electrical 
systems and production of record drawings. 

� Fugitive emissions study may be necessary. 
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8.0 Project Schedule and Execution Strategy 

8.1  Schedule and Execution Strategy - Phase 1 
 
After finial acceptance of the design basis memorandum, work on the equipment and 

building design will commence with the City’s approval. Equipment design is expected to be 
completed first, at which time the request for proposal (RFP) would be sent out. Using an 
RFP approach, the vender bid packages will be better evaluated. With the equipment 
decided, final design of the building and HVAC equipment would be submitted as a 

construction bid request and follow in approximately 6 – 8 weeks. Construction could then 
start after another 4 to 5 weeks, weather permitting. A summary of the schedule would be 
as follows: 

 
Figure 8-1:  Project Schedule  
 

Task Duration 
Prepare Request for Proposal for Equipment 30 days 

Advertise for equipment   30 days 

Select/Procure Equipment   45 days 

Equipment shop drawings reviewed/approved 6 weeks 

Building and delivery of equipment    26 weeks 

Design of balance of plant   8 weeks 

Prepare bid documents for general installation 
contractor   

3 weeks 

Award contract – Begin construction   4 weeks 

Construction phase   8-12 weeks 

Startup and training   2 weeks 

Operations 
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9.0 Construction Cost Estimate 

9.1 Construction Cost Estimate 
 
Construction cost estimates were made from a combination of quoted prices and 

experience. Table 9-1 below lists the items and associated costs for Phase 1/2. If actual 
equipment and construction cost for Phase 1 exceeds the QECB bond allocation the 
difference will be made up in the Solid Waste Capital Improvement expeditures. 
 

Table 9-1: Construction Cost Estimate/Phase 1/2 
 

Item Description 
  

Estimated 

Cost 
Comments 

  
Phase 1 

    

1 Building modifications, new electrical 
room, insulate walls and ceiling, 
provide sheet metal interior 

    $132,000 Electrical room, 
insulation of 
building, outside 
concrete work 

2 Equipment Costs     $1,735,000 New Flare included 

 Bids on1,400 cfm PEI compressor, 
800 PEI compressor, 1,300 cfm 

Willexa H2S removal, 800 cfm 

Siloxane removal 

        

3 Equipment Installation     $188,000   

  Assembly, setting and anchoring 
skids 

        

4 Piping supply and Installation     $86,500   

5  Generator governor actuator            $33,600   

6 New electrical service      $25,000   

7 Overall electrical Installation     $135,000   

8 Final Engineering 6 percent $140,706   

            

  Total Construction     $2,475,806   

  Contingency 10 percent $247,580   

  Total Construction Cost Phase 1      $2,723,386   

      

 Estimated Phase 2 Costs   $3,514,300  

      

 Total Future Costs of Both Phases   $6,237,686  
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1375 County Road 8690  West Plains, MO  65775 
Phone (417) 256-2002  Fax (417) 256-2801 
www.PerennialEnergy.com  sales@PerennialEnergy.com 

 

Rev 3 March 31st 2016 
Rev 2 March 11th, 2016 
Rev 1 March 4th, 2016 

March 4th, 2016 
 

Wenck Associates 
 
Re:  Fargo 
 
Attn: Noel Kempfert 
 
Noel, 

 
 Per your request, following and attached please find our budgetary quotation to supply the 
described products and services relative to your project requirements.  We appreciate the 
opportunity to furnish this proposal. 
   
 Perennial Energy proposes to provide a unitized, modular, landfill gas conditioning system, 
with off-loading and installation by others. The conditioning system shall be sized per the 
specification to exert a -55” WC vacuum at the inlet of the skid (-60” WC vacuum at the inlet of the 
compressor) and deliver LFG to an integrated air-to-gas aftercooler.  The LFG will then be 
processed through pre-cool, chill, and reheat heat exchangers where the gas will be chilled down to 
approximately 40 °F.  It will then be processed through a knockout demister filter to remove an 
approximate 66.0 gph (at 2600 SCFM) of condensate before it is reheated to approximately 90 °F.  
The final outlet condition of the LFG from this system shall be approximately 10.0 psig, 90 °F, and 
18% RH.  Discharge pressure control feature is accomplished with VFD compressor control.  The 
three-phase, 480 VAC power panel and the single-phase load distribution panel are provided on the 
Perennial Energy system skid.   
 
The Gas Conditioning System shall include four principal sub-systems: 

 
○ The Landfill Gas Compressor System (GCS) 
 
○ The Landfill Gas Dehydration System (DHS) 
 
○ The Landfill Gas Booster System (GCS) 
 
○ The MCC/Control Panel System (CP) 
 

Not included in this proposal are the following: 
 
○ Site Civil, Electrical, or Structural Engineering 
 
○ Freight, off-loading, or Installation 
 
○ Bonds or liquidated damages 
 
○ Taxes, permits, fees, etc. 
 
○ Spare Parts 
 

  



P1552 Fargo GCS_DHS Quote - R3  Page 2 of 7 

The Landfill Gas Compressor System shall include: 
 
○ 10” system inlet isolation butterfly valve (SS disc & stem / viton elastomer) 
 
○ Landfill Vacuum transmitter and thermocouple on system inlet 
 
○ Vacuum and Temperature gauges provided on system inlet 
 
○ Stainless steel (304L) schedule 10 compressor inlet and outlet manifold piping. 
 
○ Schedule 10 304L weld hub assemblies w/ ANSI 125# powder coated ductile iron 

flanges 
 
○ Inlet demister/knockout.  304L SS construction with polypropylene knitted mesh, 

multiple layer demister pad/filter rated for 100% removal efficiency at 6 micron 
droplet size.  Removes free moisture in the incoming gas.  Equipped with 8” flanged 
cleanout, differential pressure gauge, removable lid for element inspection and 
removal, and high level safety switch.  Sized for 1300 SCFM.  5 psig 
vacuum/pressure rating.  Demister is heat traced and insulated. 

 
○ Compressor suction side isolation butterfly valves (SS disc & stem / viton elastomer) 
 
○ Two (2) each Rotary lobe positive displacement compressor with cast iron housing 

and gear driven rotors, gas seals, and belt driven 125 HP  TEFC inverter duty motor, 
460 volt/60hz/3ph.  The compressor will have a Corrgard internal coating, 304SS 
silencers. The compressor will take the pressure up to 13 psig, which will result in a 
temperature rise from 100 °F to 280 °F.  Each compressor package is sized for 
650 SCFM.  Two compressor packages will need to operate in parallel for 1300 
SCFM capacity. 

 
○ SS bellows expansion joints at compressor inlet and outlet connections 
 
○ Compressor discharge side isolation butterfly valves (SS disc & stem / viton 

elastomer) 
 
○ Compressor discharge side check valves (AL Body / AL disc & stem / viton 

elastomer) 
 
○ 1 each Gas-to-Air Aftercooler.  This unit takes the heated gas and cools it to 120 °F 

using forced ambient air.  Stainless Steel Unit, 15 HP inverter duty fan motor.  
Sized for 1300 SCFM. 

   
○ Recirculation line to provide for dead head startup and surge control.  Includes hand 

trim valve, electrically actuated modulating valve, and flex. 
 
○ 4 each Thermocouples with matching Temperature Indicators (System Inlet, Each 

Compressor Discharge, Aftercooler Discharge) 
 
○ 1 each Pressure Transmitter with matching Pressure Gauge, (Compressor discharge 

pressure) 
 
○ One each unitized structural skid to accommodate all above equipment in a fully 

integrated package.  
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○ All devices fully installed, wired to skid mounted Explosion Proof (Nema 7) J-boxes, 
calibrated, and tested to the extent possible at the factory. 

 
○ All carbon steel surfaces sand blasted to SSPC SP-6 standards, primed and painted 

to Perennial Energy standard paint specs.   
 
The Landfill Gas Dehydration System shall include: 

 
○ Precooler/Reheater Heat Exchanger.  This tube-in-shell unit will receive the 

compressed LFG from the gas to air aftercooler, and pre-cool it using the 40 °F 
chilled LFG as the cooling medium.  The LFG is pre-cooled from 120 °F to 
approximately 110 °F, preparing it for delivery to the chiller heat exchanger while the 
40 °F chilled LFG is reheated to approximately 90 °F for delivery to the engines. 

 
○ 1 each Glycol/LFG  Heat Exchanger.  This tube-in-shell unit will receive the 

compressed LFG from the pre-cool heat exchanger and chill it to 40 °F using the 35 
°F chilled glycol from the glycol chiller as the cooling medium.  LFG wetted surfaces 
are 100 % 304L SS.  This unit is insulated and jacketed.  The exposed condensate 
piping is insulated and heat traced. 

 
○ Discharge demister/knockout.  304L SS construction with polypropylene knitted 

mesh, multiple layer demister pad/filter rated for 100% removal efficiency at 6 micron 
droplet size.  Removes free moisture in the incoming gas.  Equipped with 8” flanged 
cleanout, differential pressure gauge, removable lid for element inspection and 
removal, and high level safety switch.  28 psig asme-code pressure rating. Knockout 
is heat traced and insulated. 

 
○ Commercial air cooled glycol chiller with R-410a refrigerant, redundant glycol 

delivery pump, low ambient controls, air cooled condenser, scroll compressors 
(Digital compressor on lead compressor), non-fused field disconnect, and sized for 
the specific project.  De-rated for local ambient temperatures, 35 °F chilled glycol 
delivery, and 50% propylene glycol/water solution.  Startup by factory trained Carrier 
technician included. 

  
○ 1 each estimated 300 Gallon insulated glycol thermal storage/reserve tank, strainer, 

manual valves, thermocouples, and gauges for glycol loop control will be provided. 
50% propylene glycol solution shipped loose but installed by others. 

 
○ 2 each Thermocouples with matching Temperature Indicators (Chilled Gas 

Temperature, System Discharge Temperature) 
 
○ 1 each Pressure Transmitter with matching Dwyer Capsuhelic Gauge, (System 

Discharge Pressure) 
 
○ Perennial Energy Tru-tube delivery flow meter to monitor flow to the flare. Veris 

annubar primary element with differential pressure transmitter, Pressure 
compensated, temperature compensated, specific gravity compensated.  PLC 
calculates SCFM and totalizes flow. 

 
○ 1 each system discharge check valves (AL Body / AL disc & stem / viton elastomer) 
 
○ One each unitized structural skid(s) to accommodate all above equipment in a fully 

integrated package.  
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○ All carbon steel surfaces sand blasted to SSPC SP-6 standards, primed and painted 
to Perennial Energy standard paint specs.   

 
○ All devices fully installed, wired to skid mounted Explosion Proof (Nema 7) J-boxes, 

calibrated, and tested to the extent possible at the factory. 
 

The Landfill Gas Conditioning System MCC/Control Panel shall include: 
 
○ Nema 12/3R Power Distribution Panel w/main breaker and branch breakers to feed 

all system loads.  480 VAC Three Phase 1200 AMP Main Breaker sized for future 
identical compressor system 

  
○ Nema 3R Rain/Sun Shield 
 
○ Control Panel Lighting 
 
○ Nema 12/R w/ NEMA 4 gasketing & 3 point locking handle controls/MCC enclosure 

with ventilation fan and heater for open loop cooling of components. 
 
○ 2 ea 125 HP Heavy Duty Variable Frequency Drives for the LFG compressors.  

Controlled via  PID loops to maintain system discharge pressure.  1 ea 15 HP 
Variable Frequency Drives for the aftercooler.  Controlled via  PID loops to maintain 
aftercooler discharge temperature. 

 
○ Allen Bradley PLC digital and analog logical supervisory control.   
 
○ Koyo C-more Touchscreen operator interface 
 -All temperatures, pressures, flows, and other analog data displayed 
 -All timers, setpoints, PID loops, and other system operator inputs available 
 -Alarm and shutdown log 
 
○  Ethernet switch for remote connectivity to PLC & HMI 
 
○ Uninterruptable Power Supply for PLC, HMI, and communication devices 
 
○ OFF / ON switch for the System 
 
○ TEST / OFF / AUTO Switch for each Compressor 
 
○ TEST / OFF / AUTO Switch for the Aftercooler 
 
○ TEST / OFF / AUTO Switch for the Glycol Chiller 
 
○ System shutdown reset (ALARM RESET / LAMP TEST switch) 
 
○ Compressor run time indication (Touch Screen) 
 
○ Compressor high vibration annunciation (Touch Screen) 
 
○ Condensate high level annunciation (Touch Screen) 
 
○ Alarm and shutdown message annunciation (Touch Screen) 
 
○ AC and DC control voltage surge protection 
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○ 15 kVA 480:240/120 single phase transformer 
 
○ Single-phase load distribution panel 
 
○ U.L. 508A Listed Control Panel 
 
○ Intrinsic Barriers for items located on the blower station in the Class 1 Div 1 Area 
 
○ Class 1 Division 1 wiring for the gas compression and dehydration skids.  Wired to a 

local explosion proof junction box.  Interconnection wiring supplied by others. 
 
The Landfill Gas Booster System shall include: 
 

○ 10” system inlet isolation butterfly valve (SS disc & stem / viton elastomer) 
 
○ Landfill pressure transmitter and thermocouple on system inlet 
 
○ Vacuum and Temperature gauges provided on system inlet 
 
○ Stainless steel (304L) schedule 6 compressor inlet and outlet manifold piping. 
 
○ Schedule 10 304L weld hub assemblies w/ ANSI 125# powder coated ductile iron 

flanges 
 
○ Inlet demister/knockout.  304L SS construction with polypropylene knitted mesh, 

multiple layer demister pad/filter rated for 100% removal efficiency at 6 micron 
droplet size.  Removes free moisture in the incoming gas.  Equipped with 8” flanged 
cleanout, differential pressure gauge, removable lid for element inspection and 
removal, and high level safety switch.  Sized for 1300 SCFM.  5 psig 
vacuum/pressure rating.  Demister is heat traced and insulated. 

 
○ Compressor suction side isolation butterfly valves (SS disc & stem / viton elastomer) 
 
○ One (1) each Rotary lobe positive displacement compressor with cast iron housing 

and gear driven rotors, gas seals, and belt driven 50 HP  TEFC inverter duty motor, 
460 volt/60hz/3ph.  The compressor will have a Corrgard internal coating, 304SS 
silencers. The compressor will take the pressure from 10 psig to 24 psig, which will 
result in a temperature rise from 100 °F to 175 °F.  The compressor package is 
sized for 800 SCFM. 

 
○ SS bellows expansion joints at compressor inlet and outlet connections 
 
○ Compressor discharge side isolation butterfly valves (SS disc & stem / viton 

elastomer) 
 
○ Compressor discharge side check valves (AL Body / AL disc & stem / viton 

elastomer) 
 
○ 1 each Gas-to-Air Aftercooler.  This unit takes the heated gas and cools it to 120 °F 

using forced ambient air.  Stainless Steel Unit, 15 HP inverter duty fan motor.  
Sized for 800 SCFM. 

   
○ Recirculation line to provide for dead head startup and surge control.  Includes hand 

trim valve, electrically actuated modulating valve, and flex. 



P1552 Fargo GCS_DHS Quote - R3  Page 6 of 7 

○ 3 each Thermocouples with matching Temperature Indicators (System Inlet, Each 
Compressor Discharge, Aftercooler Discharge) 

 
○ 1 each Pressure Transmitter with matching Pressure Gauge, (Compressor discharge 

pressure) 
 
○ Estimated discharge conditions are 800 SCFM, 23 psig, 120 °F, and 11% RH. 
 
○ One each unitized structural skid to accommodate all above equipment in a fully 

integrated package.  
 
○ All devices fully installed, wired to skid mounted Explosion Proof (Nema 7) J-boxes, 

calibrated, and tested to the extent possible at the factory. 
 
○ All carbon steel surfaces sand blasted to SSPC SP-6 standards, primed and painted 

to Perennial Energy standard paint specs.   
 
 

General: 
 
○ System is priced on an FOB Factory, West Plains, MO basis.  Freight can be pre-

paid and added to invoicing. 
 
○ Two, 3 day on-site start-up & training trips by a factory field services 

technician/engineer are included. 
 
○ 3 copies of full engineering submittals are included. 
 
○ 3 copies of “as-built” Operation & Maintenance Manuals are included. 
 
 

 The system as described above and attached is provided as completely pre-packaged, pre-
wired, and factory pre-tested as is possible.  The system is offered FOB Factory, with freight billed 
at 115% of shipping invoice(s). 
 
 The pricing does not include any site civil or structural engineering, or site preparation work 
of any kind.  Neither does the price include any local, state or federal taxes, or any permits, or tariffs 
of any kind.  The system as quoted is to be off loaded, set in place, installed and interconnected by 
others.  The system is designed for installation on equipment pad(s) installed at the same finished 
elevation.  The system includes only the standard Perennial Energy warranty for 18 months from 
date of shipment or 12 months from date of first service, whichever occurs first.  Please see copy of 
Perennial Energy warranty, attached.  We are pleased to honor this quotation for 30 days from the 
date of this document.  The pricing is dependent on receiving an approved order that would include 
industry standard commercial terms.  Perennial Energy standard terms are: 
 
 

10% with order 
30% with approved submittals 
55% upon shipment 
05% upon successful start-up, unless failure to achieve successful start-up is neither the 

fault nor cause of Perennial Energy, then net 60 days of shipment 
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PRICING: 
 
OPTION 1 
 
○ 1300 SCFM GCS with MCC/CP system is offered for ....................... $452,786.00 
○ 1300 SCFM DHS as described above is offered for........................... $195,672.00 
○ Adder for Class 1 Div I Panel ............................................................... $14,060.00 
○ The 800 SCFM Booster Skid (120 °F, 23 psig Discharge) ............. $176,466.00 
 
Total  .......................................................................................................... $838,984.00 
 
OPTION 2 
 
○ The 2600 SCFM GCS with MCC/CP system is offered for ................ $777,430.00 
○ The 2600 SCFM DHS as described above is offered for ................... $238.303.00 
○ Adder for Class 1 Div I Panel ............................................................... $14,060.00 
○ The 800 SCFM Booster Skid (120 °F, 23 psig Discharge) ............. $176,466.00 
 
Total  ........................................................................................................$1,206,259.00 
 
 We anticipate that we could deliver the system in 20 - 24 weeks from receipt of approved 
submittals or other irrevocable release to order all materials.  Actual shipping estimates will have 
to be given at time of order.  We anticipate that submittals can be provided in 2-4 weeks from 
receipt of an approved order, with longest lead items submitted first.  
 
 Thank you for your consideration of Perennial Energy landfill gas products and services.  
Should you have any questions, or require further information in this regard, please do not hesitate 
to call. 
 
Respectfully, 
 
David Mathews 

 
Perennial Energy, LLC 
West Plains, MO 65775 
 
 
Attachments / Enclosures: 
 Perennial Energy Warranty / Service Policy and Conditions of Sale 

 



Proposal: WEN 041416 H2S

14 April 2016

Attn: Noel R. Kempfert, Resource Group Manager – F&PE

Wenck Associates
1800 Pioneer Creek Center
Maple Plain, MN 55359 

763.370.5823
nkempfert@wenck.com 

Re: Revised Budgetary Proposal for an H2S Reduction System for the City of Fargo LFGTE / CNG Project

Noel;

Please find included a revised budgetary proposal for an H2S Reduction System for the City of Fargo LFGTE / CNG 
Project. 

This proposal includes an MV Technologies H2S Reduction System including two insulated vessels of their Enhanced 
Iron Oxide Granular Media with a lead lag piping system, blend & byass and water sprayers.  This system will 
include provision to allow expansion to a third vessel if needed at a later date. This equipment will provide reliable 
and cost effective H2S treatment for up to 800 scfm of landfill gas (expandable to 2000 scfm).

This treatment system will provide less than 100 ppmv H2S at the outlet when operated within the range of 
conditions outlined herein.

I will be in touch shortly to follow up.  We look forward to working with you on this project.  

Regards;

Brad Huxter
Exclusive Sales Agent
Willexa Energy, LLC
brad.huxter@willexaenergy.com

2012 Atherton Drive • Charlotte • NC • 28079



Your partner in biogas treatment

Equipment • Media • Parts • Service

Budgetary Proposal
for  an

H2S Reduction System
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Operating Conditions

This proposal includes an MV Technologies H2S Reduction System including two insulated vessels of their Enhanced 
Iron Oxide Granular Media with a lead lag piping system, blend & bypass and water sprayer.  This system will 
include provision to allow expansion to a third vessel if needed at a later date. This equipment will provide reliable 
and cost effective H2S treatment for up to 800 scfm of landfill gas (expandable to 2000 scfm).

This treatment system will provide less than 100 ppmv H2S at the outlet when operated within the following range 
of Operating Conditions:

Operating Condition Minimum Maximum Units
Inlet Gas Flow - 800 scfm

Inlet Gas Vacuum 10 14 psig

Inlet H2S Level - 1240 (1) ppmv

Ambient Temperatures 35 (2) 100 oF

Inlet Mositure Content 90 -  %RH

 (1) Typical values only - to be adjusted as necessary prior to purchase depending on future gas analysis results.
(2) For ambient temperatures below 35oF, additional on site heat tracing and insulation (by others) may be required.

Features & Benefits 

The H2S Reduction System as proposed will:

• Be designed to meet all operating conditions as determined by end-user requirements. MV Technologies will 
engineer and procure equipment necessary to deliver the H2S outlet concentrations as required.

• Provide for easy and rapid media change out. A media change can typically be accomplished in less than 
24 hours.

• Provide the lowest cost per pound of H2S removal. 

• Operate at 100% effectiveness immediately upon startup and does not require any off-line run-in or maturation 
period, as is standard in biological scrubbers.

• Not be susceptible to upset conditions such as large swings in H2S concentrations or changes in temperature 
that have impact on biological scrubbers.

• Feature a “set and forget” design – Unless emission standards may demand more frequent sampling, typically 
operator attention is required only periodically (three times per week) to measure H2S concentrations with 
industry standard Drager tubes (if instrument recording is not selected as a system option). We have many 
direct user testimonials that speak to the ease of operation of our systems – particularly in contrast to wet 
chemical or biological scrubbers.

• Be easy to install - In most all cases, because of the low pressure drop and simplicity of design, the units can 
be added to an existing gas delivery system with little ancillary modification.

Technology Overview 

MV Technologies H2S Reduction System is a proven dry granular iron oxide scrubber system that effectively and 
efficiently removes hydrogen sulfide from gas streams. 

The high-capacity media is comprised of a high porosity mixed iron-oxide tightly bound on a stable inert base. 
It is not adversely affected by water or hydrocarbon condensate, and its unique formulation allows reliable 
performance in air or gas with 95% or more relative humidity without need for added water. The media will not 
break down when soaked in water, and spent media can easily be removed from treatment vessels by a variety 
of simple methods.
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This media provides high-capacity sulfur removal with a low and stable pressure drop.  In addition to H2S, it als 
removes light mercaptans/COS with very little or no conversion to disulfides like other iron-based products, and it 
does so with or without O2 in the gas.

The media is water washed in place to increase sulfur removal.

Meets US and California requirements for non-hazardous disposal, without process contamination.

MV Technologies has applied this technology for odor and H2S removal for more than a decade across industry 
segments in a wide variety of applications; treating landfill gas and biogas from anaerobic digesters, wastewater 
treatment plants, lagoons and more. A Statement of Experience can be provided, and references are available 
upon request. 

A key advantage to MV Technologies H2SPlus System is that it will meet your outlet concentration, regardless 
of seasonal variations / fluctuations of H2S inlet ppmv. An increase in H2S concentration only effects the rate at 
which the media is consumed.

Design & Operation

The H2S reductions System includes:

• two (2) x 14 psig pressure rated FRP vessels with inlet and outlet connections, top & bottom manways, and 
water sprayers.  Water sprayers are manifolded together for single point conneciton, and include a valve to 
allow the introduction of water for bed saturation if needed to improve performance and maximize bed life.

• a lead lag piping system to allow vessels to be operated in parallel or in series with either vessel in the lead 
position, and the capability to bypass and blend gas to maintain the desired outlet quality, while maximizing 
media life.  Blend and bypass valve may be operated manually, or automatically based on outlet H2S levels as 
an option on request. (It is not anticipated that blending will provide any sigificant benefit in this application.)

• blind flanges to facilitate addition of a third tower at a later date to provide treatment capacity up to 2000 
scfm.

H2S inlet and outlet concentrations are either measured periodically with gas tubes, or optionally using flow and/
or H2S monitors and data recorders - available on request.

Media Replacement

Media does not fuse together, so it may be removed and refilled via vacuum truck through the top manway.

Parasitic Loads

Continuous operation of the H2S Reduction System requires a presssurized water supply, and sufficient compression 
to overcome the total system pressure drop:

Item Water Pressure Drop

Requirements < 40 gal / week ~ 44” WC

Investment

Item Total
Two Vessel H2S Reduction System for 400 to 800 scfm $299,000
Third Vessel for Future expansion to 1600 - 2000 scfm $125,000
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Pricing Terms

• Pricing is budgetary and subject to confirmation prior to order acceptance.

• All pricing is FOB Factory (domestic points of origin).

• Freight, taxes, site preparation, installation & assembly are not included.

• All pricing is NET 30 subject to a progress payment schedule as follows:

• 25% due upon purchase order approval
• 25% due upon approval drawing submittal
• 25% due upon receipt of major components
• 20% due upon shipment (or when ready to ship)
• 5% due upon start-up (or 90 days after shipment, whichever occurs first)

Consumables

Estimated media replacement frequency and costs are as follows:

Inlet H2S concentration 1000 ppm
Estimated Replacement Frequency 140 days

Estimated Media Cost (Per Changeout) $69,000

Warranty & Guarantees

Warranty is 18 months from date of shipment or 12 months from date of start up whichever occurs first.  Further 
details on request.

Contact Information

For questions, further information, a formal or hard copy of this proposal, or to issue a purchase order for the 
equipment outlined above, please contact Brad Huxter at 704-560-8895, or brad.huxter@willexaenergy.com.



Proposal: WEN 042716 SRS

27 April 2016

Attn: Noel R. Kempfert, Resource Group Manager – F&PE

Wenck Associates
1800 Pioneer Creek Center
Maple Plain, MN 55359 

763.370.5823
nkempfert@wenck.com 

Re: Budgetary Proposal for a 800 scfm SRS Siloxane Reduction System for the City of Fargo LFGTE / CNG Project

Noel;

Please find included a budgetary proposal for a Willexa Energy SRS Siloxane Reduction System for the City of 
Fargo LFGTE / CNG Project. 

This proposal includes a regenerative siloxane reduction system with pre and after filtration, and an optional 
enclosed combustion flare. This equipment will provide reliable and cost effective siloxane treatment for up to 
800 scfm of landfill gas used to fuel reciprocating engine driven generators and a CNG compressor.

This treatment system will eliminate all siloxane related build up, engine maintenance, downtime and loss of 
efficiency, as well as assisting in meeting the specifications for CNG gas quality with respect to total siloxanes.

Willexa Energy is the market leader in regenerative siloxane reduction. Our engineers  invented the regenerative 
siloxane reduction system and are directly responsible for more than 50 systems across North America over the 
past 10 years. The equipment outlined in this proposal is the latest and most advanced technology of it’s kind. 
Other providers only offer imitations of older versions of our design.

With a 100% rate of success and the longest and most successful history of any provider, no one else can 
provide the confident, guaranteed level of performance we offer. 

We look forward to working with you on this project.  

Regards;

Brad Huxter
Exclusive Sales Agent
Willexa Energy, LLC
brad.huxter@willexaenergy.com

2012 Atherton Drive • Charlotte • NC • 28079
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Operating Conditions

This proposal includes a regenerative siloxane reduction system with pre and after filtration to provide reliable 
and cost effective treatment of digester gas. It is designed to function within the following range of Operating 
Conditions:

Operating Condition Minimum Maximum Units
Inlet Gas Flow 0 800 scfm

Inlet Gas Pressure 18 20 psig

Inlet Gas Temperature 80 90 oF

Inlet Siloxane Level - 50 (1) mg/m3

Inlet NMOC/VOC Level - 250 (1) ppmv

Inlet Dew Point - 40 oF

Inlet Oil Level - 5 ppmv

Inlet H2S Level - 200 (1) ppmv

Ambient Temperatures 35 100 oF
 

(1) Typical values only - to be adjusted as necessary prior to purchase depending on future gas analysis results.
(2) For ambient temperatures below 35oF, additional on site heat tracing and insulation (by others) may be required.

Description of Operation

Pre Filter

The Pre Filter includes a single high efficiency coalescing filter element inside a stainless steel pressure vessel.  The 
gas flows through the element from inside to out, where liquid aerosols and solid particulate down to 0.3 micron 
are captured with greater than 99.9999% efficiency. The solid particulate are trapped within the fibers of the 
element.  The liquid aerosols coalesce into larger droplets, are pushed to the outside of the element, and drain 
to the bottom of the filter vessel where they must be discharged from the system via an automatic condensate 
drain (drain provided as an option, or by others).

SRS Regenerative Siloxane Reduction System

The SRS Regenerative Siloxane Reduction system includes two stainless steel pressure vessels filled with desiccant 
based media in the form of loose beads, as well as all necessary piping, valves, instrumentation, controls and 
regeneration equipment for the system to operate continuously and automatically with no operator input.

The removal of siloxane vapor is achieved by flowing the contaminated gas upwards through one of the two 
vessels where the siloxane molecules adhere to the surface of the beads of media through adsorption. Meanwhile, 
the opposite vessel is off-line being regenerated.  After a fixed period of time the two vessels switch. The off-line 

0.3 Micron
Coalescing Pre Filter

Regenerative Siloxane Reduction System 1 Micron
Particulate After Filter
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(now regenerated) vessel is brought on-line and on-line (now contaminated) vessel is 
taken off-line to be regenerated.  One vessel is always on-line treating the gas stream 
while one vessel is always off line being regenerated or waiting in standby.

Regeneration is achieved using a Thermal Swing Adsorption (TSA) process. Heated 
ambient air provided by a blower and heater flows downwards through the vessel 
heating the beads of media. The heat breaks the bond between the surface of the 
beads and the siloxane molecules. The released siloxane molecules are then carried 
out of the vessel by the air stream.

In addition to siloxanes, the adsorption and regeneration process will also collect 
many of the other Volatile Organic Compounds (NMOCs/VOCs) found in landfill 
and digester gas.  Because of this, the air used for regeneration cannot (normally) 
be released to atmosphere, it must be incinerated in an enclosed flare or other 
appropriate combustion device. (a flare is available as an option.)

Regeneration process control and integration with the flare is critical to prevent flame 
outs, and to ensure that all combustibles are removed from the media in a slow, 
controlled manner. The velocity of the regeneration air is therefore carefully controlled 
with a VFD, and temperature of the air is carefully controlled using an SCR.  This ensures that CO2, NMOCs and 
other collected compounds desorb from the bed slowly and completely without negatively impacting flare 
combustion.

Furthermore, the type of media must be carefully selected based on the amount and type of NMOCs present 
in the gas stream, with consideration for how they will react to the introduction of a heated air stream. Finally, 
down flow regeneration is always utilized to ensure contaminants migrate towards the flare in the event of a 
regeneration shutdown.

After Filter

The After Filter includes a single high efficiency particulate filter element inside a stainless steel pressure vessel.  
The gas flows through the element from outside to in where solid particulate down to 1 micron are captured 
greater than 99.9999% efficiency.  The solid particulate remain trapped within the fibers of the element.

Enclosed Combustion Flare:

Details on the enclosed combustion flare are included in Appendix A.

Equipment Specifications

The Equipment consists of the following separate items:

1. (1) Pre Filter,
2. (1) SRS Siloxane Reduction System, and
3. (1) After Filter.

Details for each item are as follows:

1.   Pre Filter:

One 304 stainless steel pre filter housing built in accordance with ASME VIII. Includes a high efficiency 0.3 
micron coalescing element for aerosol and particulate removal. An automatic condensate drain valve is 
required and is available as an option on request.  

2.  SRS Siloxane Reduction System:

Consists of the following items:

a) Media Vessels,
b) Process Piping Manifolds,
c) Process Valves,
d) Repress and Depress Valves,
e) Instrumentation,

Simplified significantly for clarity.



3

f)  Control panel,
g) Regeneration Equipment, and
h) Adsorption Media

These items are installed on a single painted steel skid.

Details for each item are as follows:

a) Media Vessels:

• Vessels are welded 304 stainless steel for all components in contact with the process gas.

• Vessels are built in accordance with ASME VIII and include a U stamp and National Board number when 
applicable.

• Vessels include internal diffuser screens to ensure gas is distributed evenly across the cross section of the 
media bed.

• Vessels include thermal pressure relief valves for static pressure relief due to thermal expansion. (Not 
suitable for full flow pressure relief.)

• Vessels include thermowells with RTDs and temperature gauges.

• Vessel shells (only) are insulated with 2” fiberglass insulation and covered with sealed aluminum cladding 
for heat retention and personnel protection.

b) Process Piping Manifolds

• Piping is welded 304 stainless steel with ANSI B16.5 Class 150 flanges.

• On skid piping between the heater and the vessels will be insulated with 2” fiberglass insulation and 
covered with sealed aluminum cladding for heat retention and personnel protection .

c) Process Valves:

• Process valves are high performance butterfly wafer valves with stainless steel body and trim. Valve trim is 
specifically designed for the chemical and temperature requirements of biogas and TSA regeneration.

• Valves are installed between flanges and include pilot actuators for dual acting pneumatic operation.  
Pilot air is supplied via rigid stainless steel tubing connected with 3/8” fittings to direct mounted solenoids.

• Valves include limit switches to verify both open and closed positions.  Switches are wired to the control 
panel and are monitored by the PLC to continually verify proper operation.

• Valve operation is 100% tested prior to shipment.

d) Repress and Depress Valves:

• Repress and depress valves are ball valves with stainless steel body and trim.  Valve trim is specifically 
designed for the chemical and temperature requirements of biogas and TSA regeneration.

• Valves include pilot actuators which are pneumatic open, spring return.

• Valve operation is 100% tested prior to shipment.

e) Instrumentation:

• Pressure transmitters measure gas pressure within each media vessel and within the regeneration 
circuit piping.  Transmitters are hard wired to the control panel and monitored and recorded by the 
PLC.  Pressure readings are displayed on local indicators as well as on the Panel View HMI.

• RTDs measure temperature at the process inlet, heater outlet, mid point of the media vessels and the 
regeneration outlet.  RTD’s are hardwired to control panel and are monitored and recorded by the 
PLC. Temperature readings are displayed on local indicators as well as on the Panel View HMI.

• A Type K thermocouple measures the surface temperature of the heater elements.  Thermocouple is 
hardwired to the control panel and controlled by an independent temperature switch for optimum 
safety. Temperature is displayed on the Panel View HMI.

• All instruments are hard wired to the control panel inside rigid conduit, except for the last 18” which will 
be in flexible conduit. 120V and 24V wiring will be run in separate conduit.

f) Control Panel:

• PLC is an Allen Bradley CompactLogix Controller with integrated Ethernet/IP port.

• Operator interface is an Allen Bradley PanelView 1000 Touch Screen.  Remote 
mounting and/or a secondary HMI are available as options on request.

• Separate high and low voltage panels are provided for operator safety. The high 

Allen-Bradley PanelView Plus 1000

PanelView 1000 TS HMI
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voltage panel may be remote mounted as an option on request.

• Control panels are painted carbon steel construction with NEMA 4X classification. When required for a 
Class 1 Div 2 environment, a purge and pressurizing  system is available as an option.

• The high voltage panel includes fuses, contactors, variable speed drive (VFD) and silicone control 
rectifier (SCR). Heater contactors are constantly monitored by the PLC.

g) Regeneration Equipment:

• One (1) centrifugal blower and motor. Blower speed is precisely controlled by a Variable Speed Drive 
(VFD) to ensure a stable regeneration process and safe and reliable operation of the flare.

• One (1) low watt density electric heater in an insulated carbon steel housing with 2” fiberglass 
insulation covered in sealed aluminum cladding for heat retention and personnel protection.  
Heater temperature is precisely controlled by a Silicon Controlled Rectifier (SCR) to ensure a stable 
regeneration process with minimum power consumption. Element surface temperature and heater 
outlet temperature are measured by the PLC and are part of control logic and safety features.

• A heat exchanger to utilize hot jacket water to reduce electric heater power consumption is available 
as an option. 

h) Adsorption Media:

• The initial charge of media is included. Media includes an active bed support and a high performance 
siloxane adsorption media.

• Media is shipped loose for installation on-site by others.

• A Willexa Energy technician to oversee media installation is provided.

3. After Filter:

One 304 stainless steel after filter housing built in accordance with ASME VIII. Includes a high efficiency 1 
micron particulate element for media dust removal.

Engineering Data

Vessels:

Quantity MAWP Contains Purpose

Pre Filter 1 14 psig 0.3 Micron Coalescing Element Media Protection

Media Vessels 2 14 psig Regenerative Adsorption Media Siloxane Reduction

After Filter 1 14 psig 1 micron Particulate Element Downstream Dust Protection

Valves:

Type Body & Trim Diameter Actuator

Process Control Valves High Performance Butterfly Stainless Steel TBA Dual Acting Pneumatic

Repress & Depress Valves Ball Valves Stainless Steel 1” Pneumatic Open Spring Return

Piping: 

Size Type
Material of

Construction
Max Working 

Pressure
Flanges

Main Process Piping TBA Butt-Weld Stainless Steel 14 psig ANSI B16.5 Class 150

Regeneration Piping TBA Butt-Weld Stainless Steel 14 psig ANSI B16.5 Class 150

Branch Piping TBA Butt-Weld Stainless Steel 14 psig ANSI B16.5 Class 150

Repress & Depress Piping 1” Welded / Socket Weld Stainless Steel 14 psig ANSI B16.5 Class 150

Compressed Air Piping 1” Threaded Galvanized 100 psig -

Control Air Tubing 3/8” Rigid Stainless Steel 100 psig -
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Regeneration Equipment

Type Size Protection Control

Blower Centrifugal 25 hp NEMA 4 Variable Speed Drive

Heater Low Watt Density 80 kW Insulated Steel Housing Silicon Control Rectifier

Safety & Reliability

Safe and reliable operation of the system is ensured through the following components and processes:

Electrical Design:

• Separate high voltage and low voltage panel sections ensure optimum operator safety.

Regeneration Blower:

• A VFD (Variable Frequency Drive) controls the regeneration air blower, ramping it up slowly during start up or 
restart to ensure safe and steady operation of the flare.

Regeneration Heater:

• An SCR (Silicon Control Rectifier) controls the heater to ensures precise heater control and redundant safety.

• Fuses, contactors and heater outlet temperature are monitored by the PLC to ensure and verify proper and 
safe operation.

• Low watt density heating elements are used to extend heater life and to ensure the element surface 
temperatures remain well below the flash point of biogas.  In addition, the heater element surface temperatures 
is monitored by the PLC and controlled using an independent temperature switch.

Regeneration Process Control:

• Prior to regeneration the media vessel is depressurized then sealed and leak tested. Any pressure rise (indicating 
a leak from the pressurized side of the process) will immediately stop the regeneration process under alarm.

• Limit switches and pressure transmitters are used during the gas-to-air and air-to-gas transition steps to ensure a 
safe atmosphere inside the vessel prior to initiating regeneration or bringing a vessel back on-line.  In addition, 
dedicated piping circuits for these transition steps ensure 100% control of the process.

• If regeneration is interrupted, once the blower has returned to full speed, the SRS system will revert back to the 
point in the cycle where the interruption occurred, and continue the regeneration process.

• Down-flow regeneration ensures that during any regeneration interruption, any concentrated NMOCs 
continue safely towards the flare, rather than back towards the blower, where they could potentially escape 
into the facility.  Plus, upon restart, the VFD ensures these concentrated NMOCs are fed to the flare in a slow 
controlled manner. 

• After completing regeneration the off-line vessel is purged with clean biogas from the downstream side of 
the process to ensure the removal of oxygen from the vessel prior to returning it to service, and to pre-load 
the bed with CO2 to eliminate any methane spike after switch over.  This methane rich purge gas can be sent 
back to a low pressure point in the process reducing gas and flare usage.

Other Available Options 
 

Class 1 Division 2 Electrical Protection

Includes a purge and pressurization system for the control panels when required for a Class 1 Division 2 hazardous 
environment. 

Hot Water Heat Exchanger

Allows the use of hot jacket water (or another heat source) to pre heat the air for regeneration, thereby reducing 
power consumption of the electric heater.
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Dew Point Monitor

Provides a precision hygrometer integrated into the SRS controls.  Dew point is monitored and recorded by the 
PLC and displayed on the Panel View HMI.

Dual Pre & After Filtration Skids

Replaces the standard single pre and after filters with dual pre and after filters mounted on skids with isolation 
and bypass valves. Reduces pressure drop and provides both filter bypass capability for maintenance and 
operational redundancy.

Start Up & Commissioning

Five days of start up and commissioning services by a Willexa Energy engineer and/or technician is included. (For 
sites outside the Continental US, travel is invoiced separately.) The site operator must provide Willexa a minimum 
of three weeks notice of the date they wish start up and commissioning procedure to begin.

Access to the installation site and the Siloxane Reduction System must be granted to Willexa personnel as required.  
Willexa will provide a minimum 48 hour notice of any visits to site and will coordinate all visits with the site operator.

If start up and commissioning of the Siloxane Reduction System cannot be completed within the allotted time, 
or a second trip to site is required due issues outside of Willexa Energy’s control (including but not limited to: 
incomplete or incorrect installation, issues or delays starting upstream or downstream equipment, or issues with a 
third party provided flare) we reserve the right to request compensation for additional travel and labor costs at 
our standard published rates.

Installation Requirements

Equipment installation is not included in the scope of supply.  The customer is required to provide:

• Installation of all equipment on a suitable foundation and with appropriate maintenance access.

• Piping to, from and between all pieces of equipment including

• to the inlet of the Pre Filter & outlet of the After Filter

• between the Siloxane Reduction System, Pre Filter, and After Filter

• Piping between the Siloxane Reduction Systemd and the Flare, including a suitable flame arrestors and 
condensate drains directed by the flare provider. 

• Additional insulation and heat tracing of piping and vessels as required by ambient conditions, for personnel 
protection, and/or as otherwise directed by Willexa Energy.

• Piping to the Instrument Air Inlet Connection with a minimum of 10 scfm of instrument air between 80 and 100 
psig.

• A 480/3/60 power supply to the High Voltage Panel.

• Installation of initial charge of Adsorption Media.

This list is not all inclusive. Detailed Installation Instructions will be provided.  Willexa Energy will provide a technician 
to oversee Media filling and will inspect system for proper installation prior to commissioning.

Parasitic Loads

Continuous operation of the Siloxane Reduction System requires the electrical loads for the blower and heater 
and sufficient compression to overcome the total system pressure drop:

Item Blower Heater Pressure Drop
Requirements 25 hp 80 kW ~ 3 psid (1)

Load ~100% ~50% avg -
Hours per day 12 (2) 8 (2) 24

(1)  Across the entire system, including pre filter, SRS, carbon polisher and after filter (with clean elements). 
(2)   Blower & Heater run times are estimates that will vary with changing ambient conditions and site system configuration.
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Required:
Item Total
Pre Filter (1) $14,500
SRS Regenerative Siloxane Reduction System $420,000
After Filter (2) $14,500

Total:     $449,000
Options

Item Total
Enclosed Combustion Flare $169,000
400 - 1000 scfm Carbon Polisher for CNG process (3) $99,000

Notes:

1. Pre Filter is required unless equivalent or better filtration is (or will be) installed immediately upstream.
2. After Filter is optional though highly recommended, as media dust can be damaging to downstream equipment. 

Pricing Terms

• Pricing is budgetary and subject to confirmation prior to order acceptance.

• All pricing is FOB Factory (domestic points of origin).

• Freight and taxes are not included.

• All pricing is NET 30 subject to a progress payment schedule as follows:

• 25% due upon purchase order approval
• 25% due upon approval drawing submittal
• 25% due upon receipt of major components
• 20% due upon shipment (or when ready to ship)
• 5% due upon start-up (or 120 days after shipment, whichever occurs first)

 Consumables

Estimated consumable replacement frequency and costs are as follows:

Item Regenerative Media Filter Elements

Quantity
10,000 lbs

(5,000 per vessel)
2 (1 per filter)

Replacement Frequency ~18 months ~18 months

Cost $1.50 / lb $1,500 each

Total Cost per Change-out $15,000 $3,000 total

Annual Cost $10K / year $2K / year

Contact Information

For questions, further information, a formal or hard copy of this proposal, or to issue a purchase order for the 
equipment outlined above, please contact Brad Huxter at 704-560-8895, or brad.huxter@willexaenergy.com.



Appendix B – Equipment Quotes – Phase 2 









 

Toll Free: 800-472-2232          Email: wenckmp@wenck.com          Web: wenck.com 

        

MINNESOTA   COLORADO  GEORGIA NORTH DAKOTA SOUTH DAKOTA WYOMING  

Maple Plain Golden Valley New Hope  Denver Roswell Fargo Pierre  Cheyenne 

763-479-4200 763-252-6800 800-368-8831 602-370-7420 678-987-5840 701-297-9600 605-222-1826 307-634-7848 

 Windom Woodbury Fort Collins  Mandan  Sheridan 

 507-831-2703 651-294-4580 970-223-4705  701-751-3370  307-675-1148 
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