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Executive Summary 

Vision Elements 
The Citizen Potawatomi Nation has a vision of reducing energy usage while providing 
quality energy services to members and creating revenue-generating energy enterprises. 

Present Assets 
Consulting teams, while being able to establish proposed directions and multiple options, 
and provide energy planning guidance, cannot provide the sustained operation of 
implementation. This requires leadership of the organization to accomplish goals set 
forth to carry out the vision.  From the consulting teams’ perspective, we see that Citizen 
Potawatomi Nation has strong leadership.  Chairman John A. Barrett has proven to be  
a champion for the tribe, a visionary and an achiever.  He and his staff have the correct 
attitude to embark into new directions and make decisions to save and wisely utilize 
energy sources.  Their perception is clear on the concept of accomplishing their goals  
and they have the commitment of bringing the project to fruition. 

Fortunately, their land is abundant with groundwater resources, which is an asset.  Water 
as an energy resource for geothermal heat pump technology can be used in several ways, 
such as: water improves the transfer of heat energy to vertical or horizontal boreholes; it 
can be pumped through the heat pump and returned to a reservoir or directed to approved 
disposal sites; or a closed loop system can be submerged in a body of water fed by the 
water source. 

Prior knowledge of ground source heat pump installation and operation is an asset  
that gives them an edge in expanding the application to tribal facilities and also the 
background to begin a new enterprise in ground source heat pump systems. During 
the current year, their knowledge base has expanded to provide other options for them  
to apply to both new and retrofit projects. 

With the campus-style arrangement containing significant numbers of the CPN buildings, 
it allows the integration of systems to produce greater efficiency.  This is accomplished 
by transferring energy from one building to another. For example, the FireLake Discount 
Foods produces heat that can be transferred with fluids across the street to heat the 
headquarters buildings through convective coils.  Every boiler in the complex could be 
replaced with lines carrying hot water from the refrigeration system in the Foods store. 

Sufficient land surrounds the existing buildings to build revenue-producing facilities that 
can be supplied with energy from the existing buildings.  An example is using heat from 
the FireLake Discount Foods to operate a car wash, a laundry, a greenhouse or other 
facilities requiring heat.  These could be constructed near the Foods store since space  
is available. 
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Chairman John Barrett and others with CPN have experience with drilling wells.   
They also have experienced people in drilling horizontal boreholes.  Both of these 
methods are utilized in installing geothermal heat pump loops to transfer heat to or  
from fluid circulating through the heat pumps.  In addition there is a commitment  
to expand this experience to installing ground source heat pump systems. 

Revenue generating activities that Citizens Potawatomi Nation currently own,  
provide funding to implement others when cost effective projects are identified.   

Present Energy Systems 
• Stand Alone Conventional Systems (low to medium efficiency) 
A survey of 16 selected CPN facilities has revealed that roof top pack units for heating 
and cooling are predominant.  These are basically low first cost systems but have higher 
operating costs than alternatives.  The highest electric service charge is for the FireLake 
Discount Foods.  It is a large facility and has a large amount of refrigeration systems and 
air conditioning loads which result in heat rejection of up to 536 tons or 6436 MBtuh.  
This heat is currently being dissipated through four large evaporative condensers.  
To maintain temperature and humidity in the store requires cooling with large capacity 
HVAC chillers and concurrently heating with gas operated roof top pack units.  The four 
areas that consume the greatest amount of energy are the FireLake Discount Foods store, 
Casino, Headquarters and Bingo Hall.  Costs of the other buildings are significantly 
smaller than these four areas.  There are the 31 heat pumps installed in the Wellness 
Center at a capacity of 24.3 tons.  This is one of the cost saving systems.  Because of  
the type of HVAC systems that exists in the majority of the buildings, they are the most 
viable potential for saving energy and costs.  Most buildings have florescent lights so 
lighting is not a high potential for reducing costs. 

• Some GSHP Systems and others under construction 
There are some ground source heat pumps that have been installed to yield cost reduction 
and energy savings, and more are being planned for installation.  Systems currently exist 
in the Clinic and the Wellness Center.  More are planned, and in the near future they will 
be installed in the Heritage Center and the housing project. 

• Utility purchasing rates being studied 
Currently, the CPN is receiving service on Service Level 5, which is a more expensive 
billing rate for both the energy charge and the demand rate.  In addition, there are not  
any current combinations of primary meters to reduce rates by diversification of loads. 

• Initial commitment to wind energy program participation 
CPN has made a Subscription Agreement with OG&E to purchase electricity produced 
by wind power up to 16,000 kWh per month at an additional cost of 2 cents per kWh.  
This agreement is in support of using renewable energy.  This agreement is for one 
account only, which is the Casino and Off Track Betting meter. 
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Future Economic Opportunities 

Near Future Implementation 
Diversification of Electric Loads and Changing Service Levels to Lower Electric Costs 
Utility purchasing rates and service levels are being considered to determine the more 
economic approach to reducing the monthly bill.  A “CAR” or combined aggregate rate 
is being studied to see if the combination of primary meters will produce the lower rates 
when usage exceeds one million kWh per month.  In addition, changing from service 
level 5 to service level 3 would lower the demand rates and the energy charges.  
Economics of changing to level 3 and operating under the responsibility of maintaining 
the equipment on the load side of the primary meter will help resolve the issue. 

Heat Recovery from Grocery Store and Casino as Energy Source 
The Fire Lake Grocery Store and Casino generate sufficient waste heat on an annual  
basis to support existing heating and cooling loads as well as additional business growth. 
Depending on market analysis of local and area needs, business such as vehicle washing, 
laundry facilities, greenhouse capacity for specialized winter products, are but a few of 
the available options. Also, space heating for the Fire Lake Grocery Store should come 
from the refrigeration and/or air-conditioning equipment waste heat that is presently 
being discharged by cooling towers. 
• 	 Car Wash 

Approximately 3 million BTU/hr of heat is wasted from the CPN Grocery Store. 
If this waste heat is recovered and used for heating water, a vehicle wash system can 
be supplied with enough warm water, and the excess heat can be used to reduce icing 
on the ground for customers of the Grocery Store and Casino. A vehicle wash system 
will not only save money by washing the fleet of 100 vehicles operated by the CPN, 
but will also be a major source of income if used for washing school buses, public 
works vehicles, vehicles of nearby businesses such as Central Plastics, trucks on 
highways, and cars of the customers of the Grocery Store and Casino. 

• 	 Laundry 
Laundry facilities must be considered based on available thermal energy at the site. 
Decisions on whether to enter the laundry business should be made based on the  
local need and market and not whether there is sufficient available energy for the 
enterprise. 

• 	 Green Houses 
A 22 x 96 foot greenhouse at the CPN headquarters would require about 300,000 
Btu/hr to maintain a 65 to 70°F degree indoor temperature at design conditions. 
Facilities for holding plants at dormant conditions (35 to 40°F) require about half  
that amount of thermal energy. 

• 	 Preheating Ventilation Air for Adjacent Buildings 
There is sufficient thermal energy for preheating ventilation air at the site for adjacent 
buildings. Latent and sensible cooling energy wheels in combination with water 
source heat pumps are the most efficient system for the complex for pre-cooling 
ventilation air. 
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Ground Water Development for Water Source Heat Pumps 
The process of energy auditing revealed there is a water well that runs all but a few 
weeks in the winter and pumps water into a pond near the new CPN Heritage Cultural 
Center. A design has been made for the geothermal heat pump loop field scheduled to be 
installed in the Center. Pond loops are known to be cost efficient.  After viewing a map 
of ponds relative to the Center, it was concluded that a pond loop design be conducted.  
Using the data showing, 55 gpm is being pumped into the third pond from the Center,  
and determining it is about 0.67 acres in size, and by deepening it to 8 ft. would provide 
excellent loop performance with 18 each 5-ton copper loops (300 ft of 1 inch copper per 
5-ton loop) and a reverse return header system.  An estimate of the cost of the two loop 
designs, show that the pond loops for this project will be about 23% of the vertical 
borehole loop field costs. 

Geothermal Heat Pump Installation/Distribution Company 
A geothermal heat pump installation company has been started using several ongoing 
construction projects at or near the CPN Headquarters. The CPN Cultural Center and 
housing duplex projects are underway. The hiring of an experienced geothermal heat 
pump engineer demonstrates their commitment to the technology and their energy 
saving vision. Installation equipment for both projects is available for their use. 

A distribution company will naturally evolve from their component requirements on the 
two aforementioned projects. As facilities for stockpiling necessary components for their 
present jobs is made available, distribution to a larger customer base can start small and 
build to a developing market. Early stock piling should consist of standard components 
used in the industry (pipe, fittings, fusion equipment, etc.) Participation of the present 
engineering staff in actual construction of multiple heat pump systems will identify 
company needs. 

Integration or Sharing of HVAC Loads 
The thermal energy loads of the Fire Lack Grocery Store, Fire Lake Casino and CPN 
Tribal Headquarters could be combined into a district heating and cooling system by 
taking advantage of load diversity. An auxiliary (standby or emergency) electric power 
generation unit should be added to this district system. This auxiliary system should be 
configured as a Combined Heat and Power (CHP) system and incorporated into the 
district system to meet both peak electric demand issues, emergency power for the casino 
and additional heat energy during high demand periods. The integrating component 
should be a water based system consisting of a combination of ponds, water feature, 
water supplies, vertical boreholes, cooling towers, etc. Fuel costs of the auxiliary power 
generation unit will determine its usage in circumstances other than emergency power 
needs. 
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Future Implementation—Beyond 5 Years 
Growing, Harvesting and Transporting Biomass to Gasification-Fermentation Plants 
Being Developed by OSU Researchers 
Within the next several years, a pilot facility may demonstrate a process for converting 
Oklahoma grasses and crop residues to ethanol and other useful products.  The proposed 
pilot plant uses a process being developed by a research group at Oklahoma State 
University.  Potentially this process can make ethanol, which could be blended with retail 
gasoline sold by the Citizen Potawatomi Nation.  Perhaps the Nation could get involved 
in selling feedstock to a biomass facility.  A commercial facility to produce ethanol with 
this process will require a large investment of 60 to 170 million dollars. If such a facility 
is planned or built within 50 miles of Shawnee, the Nation should look into growing and 
providing biomass for the facility. 

Integrated Energy Systems (IES)/Combined Heat and Power (CHP)/Cogeneration Type 
System Producing Electricity and Heat to Support a Business to be Identified 
Any electric power generation process rejects energy that cannot be converted to 
electrical power.  Typically, a large centralized power plant at a utility company rejects 
more than half of the input energy from fossil fuels.  The rejected energy is heat, which 
often goes into a nearby body of water.  If end-users instead have localized, on-site 
electrical production facilities, the end-users may recover and use this otherwise wasted 
energy to heat nearby buildings or for other uses.  By using this heat, the user has a 
thermodynamic efficiency advantage over utility’s central power plant, which may 
become an economic advantage.  Such systems [2, 3] are called combined heat and  
power (CHP) systems or Integrated Energy Systems (IES). 

The near-term opportunities listed earlier in this summary use excess thermal energy 
from current equipment and systems.  These will be more cost effective than a new  
CPN system with on-site production of electricity. If, after five years or more, the 
implementation of near-term opportunities has taken advantage of all the excess  
thermal energy, then the Citizen Potawatomi Nation may investigate the feasibility 
of CHP systems. 

Baseline utility electrical power costs are relatively low in Oklahoma due to coal-fired 
power plants. Furthermore, the price of coal is stable compared to other fuels such as 
natural gas or crude oil.  A CHP system with on-site production of electricity would 
likely use natural gas.  The relatively large price fluctuations for natural gas relative 
to coal, add a significant hurdle for the economics of CHP systems for the Citizen 
Potawatomi Nation 
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CPN Strategic Energy Plan 


The CPN Strategic Energy Plan has three major components in support of their Energy 
Vision. These components are: 

• CPN Major Building Baseline Energy Assessment and Plans 
• Geothermal Energy Business Plan 
• Plans for Waste Heat Utilization Businesses 

The CPN Major Building Baseline Energy Assessment component identifies energy 
savings that can occur by energy efficiencies that can be made to reduce energy costs in 
the operation of the physical plant.  The key element is to reclaim thermal energy from 
heat rejected by the refrigeration units of the FireLake Discount Food (FDF) grocery 
store.  This energy will be used to replace natural gas that is presently used in the grocery 
store and other buildings located at the physical plant by using an energy bank that 
integrates HVAC loads into a common or pooling location. 

The Geothermal Energy Business Plan identifies business opportunities that are well 
within the expertise of the present technical staff and CPN work force.  

The Waste Heat Utilization Businesses identifies typical economic energy consuming 
activities that could be developed by the CPN and thus create revenue streams using a 
work force of tribal members.  Businesses could be either internal to CPN or leased to 
others as appropriate. 
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Energy Plan 

CPN Major Building Baseline Energy Assessment and Plans 


Building General Equipment Type Implementation/Recommendations 
Fire Discount Food 
Grocery Store  

• Water-based food refrigeration (freezers, 
coolers, display units, etc.) system with 

• Waste heat recovery from refrigeration and air 
conditioning should be utilized to replace gas fired 

multiple chillers and external (outdoor) heating. 
evaporative condensers 

• Multiple space fan coil cooling units  
(9 units, 288 tons) supplied from central 

• Load diversity with the Casino, Administration 
Building Complex, and Bingo hall should be 
analyzed to determine what additional loading 

chiller. Each unit has electric heating should be considered with the waste heat from  
(140 kW total connected load) the FDF grocery store. 

• The control strategy for the HVAC system at the 
FDF needs to be analyzed to see if energy 
improvements can be made.   

• The ancillary businesses (WIC, Dollar Store, etc.) 
appear to operate independently.  Improvements 
could be made by replacing the resistance heating 
with heat recovery from the FDF Grocery Store  
or water source heat pumps from a central energy 
field. 

Casino • Conventional roof type gas fired heating 
and electric cooling 

• Heat recovery using an energy wheel.  

• Excess heat now being rejected from the grocery 
store could be utilized during a portion of the year 
to increase desired additional ventilation loads for 
smoke dilution. 

• Standby electrical generation power unit should be 
considered for emergency use and as a Combined 
Heating and Power (CHP) unit for electrical power 
generation and heating 

• Operation and/or maintenance of the energy wheel 
needs to be evaluated. 
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Administration 
Building Complex 

• Roof type gas fired heating and electric air-
conditioning units  

• Thru-the-wall air-conditioning and electric 
heating. 

• There appears that sufficient heat energy is 
available to integrate this load with the FDF 
grocery store and Casino into a Closed Loop 
Ground Source (CLGS) district HVAC system  

• Devise a transition plan for replacing roof top units 
with GSHPs as replacement units are required.  

Bingo Hall  • Conventional roof type gas fired heating and 
electric cooling 

• Potential to integrate this load with the FDF 
grocery store and Casino into a district system 

• Devise a transition plan for replacing roof top units 
with GSHPs as replacement units are required 

Heritage Center • GSHPs using a pond loop utilizing existing 
water resources available on the adjacent golf 
course 

• The tribal water sources are adequate to replace  
a more expensive proposed closed loop ground 
source vertical ground heat exchanger 

Clinic Complex Some GSHPs and conventional HVAC • As present HVAC systems are replaced, develop 
a transition plan for new GSHPs 

• The clinic is close to the water resources available 
making the transition an economic easy decision 

Restaurant Conventional HVAC equipment • Replace some conventional HVAC equipment with 
water source cooling for water heating or 

• Install a water to water heat pump using ground 
water as the energy source for potable water 
heating 

I40 Development GSHP proposed with truck stop and cultural center as 
a district system 

Develop a GSHPs as a district system 

Tribal Housing Existing older units use conventional gas heating and 
electric cooling. 
New duplex units are being designed using GSHPs 

New duplexes will use GSHPs. 
CPN should assume engineering design of the HVAC 
system, construction management, oversight and 
installation using tribal employees. 
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Pond loops would serve as a 

loop temperatures. 

pond loops and 

/

System Heat/Source 

integrating and buffer system. 
The FDF would supply heat 
as needed and pond 
evaporation and FDF cooling 
towers would limit maximum 

Header vault ties 

buildings together as 
a system 

Analyze the cost benefit of constructing an integrated water-based energy field with capacity to handle 
heating and cooling supplemental requirements of the Casino, bingo Hall, Administration building and 
proposed new businesses.  The energy field would consist of a pond as shown as well as ground heat 
exchangers and water features.  Construction of this type of system would eliminate drilling of boreholes at 
any of the connected buildings. 
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Geothermal Energy Business Plan 

The CPN should consider the following two business opportunities: 
Geothermal Heat Pumps 
Businesses that can use waste heat available at the site. 

Geothermal Business Implementation Plan 
Form a fabrication, manufacturing and 
distribution company: 

• Start by providing components for 
CPN installations 

• Fabrication of specialty and 
unique components (flushing and 
purging,  

• Manufacture header systems  
• Identify standardized system 

installation and sell packaged 
• manufacturing of specially components 

developed service equipment 
(plastic and copper pond loops, 
pumping modules. Etc.) 

• distribution of geothermal 
components 

Form a geothermal company drilling 
company and provide: 

• Develop a business plan based on 
present installation needs at the CPN 

• drilling services (vertical, 
horizontal, pond loops) 

• Define level of activity to start and 
allow growth  

• Piping installation • Define a timeline of activities for 
• Startup and checkout meeting CPN goals  

(commissioning) 

Form a borehole thermal testing service 
• Turnkey testing 

• Hire an experienced thermal testing 
operator(s) or train a CPN employee 

• Rental units 
• Analysis of data 

• Manufacture or have thermal testing 
units manufactured per CPN 
specifications. 

• Become expert in state-of-the-art 
analysis 
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Plans for Waste Heat Utilization Businesses 

The following are types of businesses that are suitable to take advantage of the energy 
assets and requirements that are unique to the CPN physical plant.  Simply stated, the 
CPN physical plant with the FDF grocery store has an abundance of thermal heat energy 
which if managed properly can be used to generate additional income and jobs.  

Waste Heat Utilization Businesses 
Typical Businesses  Implementation Plan 

Vehicle Wash • Survey local area and determine 
• Automobiles potential businesses that could use 
• School Busses  such a service 
• Commercial fleet owners • Identify and survey local vehicle 
• CPN vehicles wash locations to determine how 

vehicles are presently being serviced 

Greenhouses Identify available resource entities 
• Local off-season vegetable • OSU 

production • Local and state-wide growers 
• Exotic plants  
• Herbs (food and medicinal) 

Laundry • Survey local area and determine 
• Coin operated level of competition 
• Commercial  • Write a business plan or advertise 

business opportunity at the CPN 
physical plant 
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In addition to the three major components described above in support of the CPN 
strategic energy plan, the following opportunities have merit but will require further 
study and research before implementation. CPN should monitor the development of 
biomass processes and any construction of nearby facilities over the next five to ten 
years. Perhaps CPN could become a supplier of biomass to a nearby processing facility 
that converts biomass to ethanol or other fuels.  In the interim, careful attention to the  
on-going biomass project at Oklahoma State University should be made.   

Biomass Business Development Implementation/Monitoring Plan 
Monitor progress of biomass processes being • Attend conferences at local, state 
developed at Oklahoma State University in  and national level in regards to 
the College of Engineering, Architecture and the OSU progress. 
Technology and the School of Biosystems  
and Agricultural Engineering 

• Monitor progress and activities 
of the DOE/NREL programs. 

Be proactive in steering potential biomass pilot 
plants to the CPN agricultural area 

• Attend conferences and gauge 
level of activity. 

• 	 If all the currently excess thermal energy is put to use within the next five years,  
CPN may want to investigate the potential of combined heat and power systems  
with on-site electrical power generation. An emergency diesel powered unit such  
as described in Appendix 6.6 may be considered. 

Recommendation:  This should be a high priority with significant economic benefit to 
the CPN.  It is well within their economic means, well within their technical expertise, 
and well within their mission. 

• 	 Underground geothermal resources of steam and hot water are not viable geothermal 
energy sources in Oklahoma.  Geothermal heat pumps discussed in this report show 
much greater promise and have a history in this area of being economically viable. 

Recommendation: In the long term, an underground heat store may be viable.  It has not 
been proven to be economically viable. 

• 	 The cost of electricity from hydrogen and fuel cell technologies is substantially 
greater today than the cost of power from electrical power utilities.  Until research 
reduces these costs, these technologies are not attractive to CPN. 

Recommendation:  Adopt a wait and see attitude.  Conventional fuel sources and 
energy conversion devices are national agendas with long term research requirements 
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1. Introduction 

1.1 Background of Project 
The Citizen Potawatomi Nation is the ninth largest tribe in the United States.  
Headquarters are in Shawnee, Oklahoma where the majority of the facilities are located.  
It was recognized by the leaders of the tribe that their economic prosperity will directly 
depend on sources for affordable and reliable energy.  In addition, a need for the 
development of enterprises to provide employment for tribal members was a related 
opportunity that is to be pursued.  Creating innovative partnerships with Indian tribes and 
private sectors is considered one approach to provide economic viability. Opportunities 
to pursue these plans were provided through financial assistance from the Department of 
Energy. 

1.2 Project Description 
The assets that Citizen Potawatomi Nation holds were evaluated to help define the 
strengths and weaknesses to be used in pursuing economic prosperity.  With this baseline 
assessment, a Planning Team will create a vision for the tribe to integrate into long-term 
energy and business strategies.  Identification of energy efficiency devices, systems and 
technologies was made, and an estimation of cost benefits of the more promising ideas is 
submitted for possible inclusion into the final energy plan.  Multiple energy resources and 
sources were identified and their attributes were assessed to determine the appropriate
ness of each.  Methods of saving energy were evaluated and reported on and potential 
revenue-generating sources that specifically fit the tribe were identified and reported. 

1.3 Project Goals 
A primary goal is to create long-term energy strategies to explore development of  
tribal utility options and analyze renewable energy and energy efficiency options. 
Associated goals are to consider exploring energy efficiency and renewable economic 
development projects involving the following topics: 
• 	 Home-scale projects may include construction of a home with energy efficiency or 

renewable energy features and retrofitting an existing home to add energy efficiency 
or renewable energy features. 

• 	 Community-scale projects may include medium to large scale energy efficiency 
building construction, retrofit project, or installation of community renewable energy 
systems. 

• 	 Small business development may include the creation of a tribal enterprise that would 
manufacture and distribute solar and wind powered equipment for ranches and farms 
or create a contracting business to include energy efficiency and renewable retrofits 
such as geothermal heat pumps. 

• 	 Commercial-scale energy projects may include at a larger scale, the formation of a 
tribal utility formed to sell power to the commercial grid, or to transmit and distribute 
power throughout the tribal community, or hydrogen production, and propane and 
natural-gas distribution systems. 
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1.3.1 Create long-term energy strategies to explore development of tribal utility 
options and analyze renewable energy and energy efficiency options. 

1.3.2 Explore energy efficiency and renewable economic development projects: 
• 	 Home-scale projects may include construction of a home with energy efficiency or 

renewable energy features and retrofitting an existing home to add energy efficiency 
or renewable energy features. 

• 	 Community-scale projects may include medium to large scale energy efficiency 
building construction, retrofit project, or installation of community renewable energy 
systems. 

• 	 Small business development may include the creation of a tribal enterprise that would 
manufacture and distribute solar and wind powered equipment for ranches and farms 
or create a contracting business to include energy efficiency and renewable retrofits 
such as geothermal heat pumps. 

• 	 Commercial-scale energy projects may include at a larger scale, the formation of a 
tribal utility formed to sell power to the commercial grid, or to transmit and distribute 
power throughout the tribal community, or hydrogen production, and propane and 
natural-gas distribution systems. 
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2. Primary Technology Options 

2.1 Near Future Implementation 

2.1.1 Diversification of electric loads and changing service levels to lower electric 
costs. 
Conclusions 
Two options for changing from Service Level 5 and to Service Level 3 are viable, but the 
final benefits are not known because operating costs of the equipment acquired are not 
known. Diversification of combinations of loads would automatically occur if Option 2 
of changing from Service Level 5 to Service Level 3 were implemented.  First estimates 
of aggregating loads under the “CAR” method by combining the current CPN facilities 
primary meters and the new one at Grand Casino is projected to qualify for the cost 
reduction of going over 1,000,000 kWh per month and save about $3000 per month. 

Discussion 
Two areas that have the potential to lower electric costs with OG&E are changing from 
Service Level 5 to Service Level 3, and instituting an aggregate rate by combining 
primary meters.   

Service Levels 3 and 5 are primarily different with the customer owning and maintaining 
the equipment on the load side of the primary meter in Level 3 and the demand and 
energy charge being at lower rates, whereas with Level 5, OG&E owns the equipment  
on both the source and load side of the primary meter and the demand rate and energy 
charge are higher.  Currently CPN is operating on Service Level 5. 

A technique called “Diversification” or averaging of demand loads with use of primary 
meters will reduce demand charges.  Diversification or averaging of demand loads can 
provide a reduced demand charge only if the combined primary meters do not have the 
demand occur at the same time for each of the combined primary meters.  If you have 
several primary meters that have maximum capacities of say 100, 1000, 2000 and 5,000 
kW then each would have their separate demand load.  If for a 15-minute period all had 
enough of the energy-consuming units turned on at the same time to use 90% of the 
maximum, then the demand would be 90% of the maximum capacity.  For this example 
then, a demand load of 90, 900, 1800 and 4500 kW would be seen.  If they had occurred 
all at the same time then the demand load would be 7290 kW.  But if they did not occur 
at the same time, the rate would be less than that by some amount.  Thus diversification 
would reduce the demand costs. 

In order to diversify, the primary metering would be a single one to encompass all the 
sources that would use electricity and that single meter would be used to determine the 
peak load for a 15 minute period of time for a given month. 

Service Level Changes: Two Options 
Two options are being considered in changing to Service Level 3.  One is to place the 
FireLake Wholesale Foods, the Casino, CPN Headquarters and the new Heritage Center 
on Service Level 3. The other is to add to the first option, that of installing a primary 

3 




meter to close the primary loop.  The main switch on the inside of the primary meter that 
closes the primary loop would provide the option of shutting down the whole system and 
change the source of power.  This option is at the request of Chairman John A. Barrett, Jr. 

Costs associated with changing to Service Level 3 are listed in Table 2.1 for both Options 
1 and 2.  Values for the separate primary meters are listed with the name of the facility 
being served by it and the cost.  As seen from the table, the total cost of Option 1 is 
$153,690.90 and the total cost for Option 2 is $214,539.90. Option 2 has the cost of 
installing a primary meter added to the Option 1 costs. 

Table 2.1. Cost of purchasing primary on load side of primary meter. 

Primary Serving: Cost for CPN to Purchase the 
Primary 

Estimated Current 
Electric Usage  
kWh/month 

FireLake Wholesale Foods $79,285.00 1000 
FireLake Casino $44,574.40 650 
CPN Headquarters $19,924.50 280 
New Heritage Center  + 
Pow Wow 

$9,907.00 200 
60 to 70 

Option 1 Total $153,690.90 2190 to 2200 
Primary meter to close loop $60,849.00 

Option 2 Total $214,539.90 

Regarding costs shown in Table 2.1, it is suggested by Herron [4] that the relative short 
run to put in the primary meter to cover the whole system for Option 2 was high at 
$60,849. He thought it would be of value to get an estimate from an Edmond or 
Oklahoma City electric contractor to put the meter in place.  It is not required that OG&E 
put the meter in; but a licensed high voltage electrician is required.  Installing the cable 
would be roughly $10.00/ft and electricians charge about $50.00 hr.  Switches would  
cost about $25,000 for the CPN system. 

Herron also suggested that it would be better to put two meters in, one at the NE location 
of the CPN system and one at the SE location of the CPN system, and connect each end 
to the overhead line so that CPN could feed the system either direction with the loop 
created in the proposed design. 

Herron further suggested it would cost less to go directly east, across the street to tie into 
the other line and add a $25,000 switch rather than to add a line going north and then 
across to the Heritage Center.  At a cost of approximately $10.00/ft for underground 
cable, going directly east would cost less and also result in less line to maintain. 

Data for cost of operating in Service Levels 3 and 5 are obtained from [1].  The 
information is summarized in Table 2.2. According to [4] going from level 5 to level 3 
would change rates but the costs would not be changing much for the energy charge rates 
because the customer would be paying for the transformer losses which would bring the 
effective rate back up to about the level 5 rate. 
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Table 2.2. Oklahoma Gas and Electric Company  
Standard Pricing Schedule, Code No.39. 

Service 
Level 

Customer 
Charge Capacity Charge Energy Charge 

Summer Max. Winter Max. 1st All 
Demand Demand 1,000,000 

kWh per 
additional 
kWh per 

mo. mo. 
3 $135.00/bill/mo. $10.79/kW/mo $5.19/kW/mo. $0.0264 $0.0234 
5 $73.00/bill/mo. $11.73/kW/mo $5.63/kW/mo. $0.0271 $0.0241 

Note: Summer season is defined by the five months of June through October and  
the winter season is defined as the seven months of November through May of the 
succeeding year. 

To get a cost comparison for capacity charges and energy charges of Service Level 3 
versus 5, it would require the monthly information from each meter for kWh usage,  
kW demand and power cost adjustment.  These charges could be determined on a spread 
sheet for the previous 12-month period for the current level, which is Service Level 5.  
Doing this for the Level 5 and making sure the results came out to match OG&E’s cost 
would be the first step. And then to directly change the inputs on rates from Level 5 to 
Level 3 and rerun the results would be the last step.  The results of these costs would 
have added to them the customer charges for each level to give the total costs.  Obtaining 
the difference in the total costs would provide the electricity cost difference but it does 
not account for the costs that could occur for maintaining the acquired equipment  
in Service Level 3.  Another factor is that in changing Service Levels and diversifying 
the loads along with it, could change the demand and these calculations do not account 
for that. 

Load Diversification and Aggregation 
Diversification of the loads in the existing system is being studied to determine potential 
electric cost savings.  To make an estimate of the potential savings by reducing demand 
would require some measurements. Only if the kW used for a 15-minute period of time 
was recorded for all the systems to be diversified would there be a way to determine 
beforehand how much savings could be realized from diversification.  Taking the data 
and adding the 15-minute kW loads per time would provide an estimate of the demand 
load to be expected after aggregation.  This is beyond the scope of this project. 

A “CAR” or combined aggregate rate is being studied to see if certain combinations  
of primary meters will produce the lower rates.  The CAR would allow the current CPN 
system to be included with the new CPN Grand Casino allowing the rate reduction by 
going over one million kWh/mo.  Savings would be about $3000 per month from this 
approach. 
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2.1.2 Heat recovery from grocery store and casino as energy source for: 
• Car Wash 
Conclusions 
The waste heat that can be recovered from the CPN Grocery Store is eight times the 
minimum requirement of the heat for a large-vehicle wash system. One viable option of 
vehicle wash is a touchless (no brush), fully-automated, large-vehicle wash system that 
recycles the water. Important factors that affect the costs of installment include the range 
of type and size of vehicles to be washed and the number of vehicles per hour. 

Discussion 
The heat from the refrigeration and cooling systems of the CPN Grocery Store  
and Casino is dissipated to the air. The waste heat of the Grocery Store alone is 
approximately 3.24 million BTU/hr (12,000 BTU/(hr-ton) x 67.5 tons x 4). The heat 
recovered from the Grocery Store and Casino can be used for several applications 
including vehicle wash. There are many types of vehicle wash systems ranging from  
a small-size, manually-operated machine to a fully-automated system for trailer trucks. 

A vehicle wash system that can effectively wash public works vehicles, school buses  
and all smaller vehicles is discussed here. The information is from phone conversations,  
a quote, and technical specifications (Touchless Public Works Vehicle Wash - Technical 
Specifications, www.interclean.com). Some of the highlights of the system include the 
following: 

o 	The capacity of the water heater should be at least 199,000 BTU/hr, which is less 
than 1/8 of the heat that can be recovered from the grocery store. 

o 	If water is to be warmed by recovered heat, make sure the water temperature does 
not exceed 110 F. 

o 	Public works trucks and buses require 400 to 500 gallons of water per vehicle, 
while commercial trucks require 1600 to 2000 gallons each.  

o 	A standard recycling unit operates at 300 gpm or 18000 gallons per hour. It 
recycles over 90% of all water used in the wash process.  

o 	The wash system is capable of washing vehicles up to 14-feet in height including 
cars, pickups, vans, buses, trucks, flatbeds, tankers, tractors, sanitation trucks, 
waste haulers, vacuum trucks, utility trucks with or without attached ladders. 

A car wash business in Stillwater has manual systems in eleven bays. Operational costs 
include $400 to $600 per month for electricity and $300 for gas for heating water at  
110 to 130 F. Hot water is used only with soap and wax. Waste water goes into sanitary 
sewer. Each working bay consumes 3.5 gpm of water. Daily maintenance includes 
cleaning the pits and hoses. 

Appendices related to vehicle wash systems include: 
o 	InterClean Vehicle Wash System (Pictures) 
o 	Drawings of truck wash facility at Chula Vista Co. Yard, Chula Vista, CA 
o 	Touchless Public Works Vehicle Wash - Technical Specifications 
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• Laundry

Discussed under “Heat Recovery from Grocery Store and Casino as Energy Source” 

section of Executive Summary.


• Green Houses 

Discussed under “Heat Recovery from Grocery Store and Casino as Energy Source” 

section of Executive Summary.


• Preheating Ventilation Air for Adjacent Buildings

Discussed under “Heat Recovery from Grocery Store and Casino as Energy Source” 

section of Executive Summary.


2.1.3 Ground water development for water source heat pumps. 
Conclusions 
Installing a pond loop field in the pond near the Heritage Center where the well water 
discharges will provide the best operating characteristics and be the least cost installation 
to provide source energy for the ground  source heat pumps in the Heritage Center. 

Discussion 
A review of the CPN assets and current systems revealed that well water is currently 
being pumped into the ponds at the golf course at a rate of 55 gpm, 24 hours per day 
and 7 days a week except for a few weeks in the winter.  This cost can be made into an 
energy producer by connecting this source of energy to the heat pumps in the Heritage 
Center, which is being constructed adjacent to the golf course.  By having the option  
of exchanging heat with water, the efficiency increases and the cost decreases. 

The common improvements that water makes in applications of ground source heat 
pumps are: water improves the transfer of heat energy to or from vertical or horizontal 
boreholes; it can be pumped directly through the heat pump and returned to a reservoir  
or directed to approved disposal sites; or a closed loop system can be submerged in a 
body of water fed by the water source.  Direct pumping of the well water through the heat 
pumps was not pursued because there is a concern that the artifacts stored in the Heritage 
Center would not be held in the proper climate if the well were needing repair and the 
source of energy exchange would not be available to help provide the heating and cooling 
required. The best choice is to maintain the current pumping system to the pond.  The 
well water discharges to the third pond away from the Heritage Center which is the 
largest pond. Using aerial photographs, the surface area of this pond was measured to be 
0.67 acres. Placing closed loop heat exchangers in the pond and connecting them to the 
heat pumps in the building with headers to and from the pond provide an efficient system 
that is not highly sensitive to the few days that it would take to repair the pump system 
if it failed. Therefore the protection of the artifacts would be satisfied. 

We were provided monthly building loads for the Heritage Center, building drawings, 
aerial photographs and well water flow rate, which gave us the background to do the 
analysis.  The pond size and depth depends upon the flow of water into the pond.  With 
the current rate of 55 gpm and loops being installed in the pond, there will be no changes 
in piping and pumping required from the well to the pond. Although it is recommended 
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that the discharge from the well supply be modified to distribute the water more evenly 
in the vicinity of the heat exchangers. 

In the design process, the building loads were input to a software package along with a 
configuration of 9 each pairs of 5 ton Trane water to air heat pumps, which produces 90 
tons peak cooling load.  This is not what is currently in the design, but the predicted loop 
size would not change enough to matter with the size heat pumps shown in the drawings, 
because the same peak load exists for either case.  In the design process a modification  
to the input was made to allow for the 55 gpm water influx from the well. 

The three ponds closest to the Heritage Center were measured from the aerial 
photographs to determine the acres covered by them and the approximate distance from 
the Center to each pond.  The largest pond was estimated to be 0.67 acres. Based on the 
results of the analysis the one 0.67 acre pond will handle the 90 ton load if it is taken to 
a depth of 8 ft with water coming from the well at 55 gpm.  There would be 18 each, 
closed loop 5- ton copper coils (1 inch pipe, 300 ft long) and each heat exchanger would 
have two 150 ft long coils placed in parallel.  These are of the configuration that is 
shown in Figure 2.1.  The heat exchangers can be positioned in pairs on each side of the 
header pipe at a distance of 15 feet on each side.  These branch lines would be 40 feet 
apart down the header to connect the 9 pairs of heat exchangers. A reverse return header 
would be installed to provide evenly distributed flow.  This is shown schematically in 
Figure 2.2. 

Figure 2.1. A 5-ton copper coil pond loop being installed in a pond. 
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Figure 2.2. Schematic of pond loop system for the Heritage Center. 

By having the closed loop system in the pond, the well could be down for repair and 
cooling and heating would continue in the building.  After having the pump down for 
several days, the efficiency would begin to reduce but the temperature in the building 
would be maintained. 

It is recommended that a larger number of smaller heat pumps be used in the building and 
individual circulating pumps be placed at each heat pump to reduce cost of operation and 
also provide redundancy in case one pump went down the other heat pumps would run 
for longer periods of time to maintain the load. 

Cost estimation indicates the pond loop costs for 9 loops will be approximately 23% 
of the cost of the proposed 98 vertical boreholes that are in the original drawings.  There 
will also be costs for the supply and return lines to the pond and the pond header pipe,  
but the vertical borehole field also requires header lines and more of them.  It is estimated 
that the total pond loop system will be the least first cost and provide excellent operation 
characteristics.  It will also, with the closed loop flow, be able to operate without the well 
water for short periods (several days) of time and maintain high efficiency.  Therefore the 
artifacts in the building will be protected. 

The Heritage Center is an example of utilizing well water and pond water to couple  
with ground source heat pumps to reduce first costs and provide excellent HVAC 
performance.  Other facilities, such as the Headquarters, are candidates for using 
this source of energy to heat and cool the building and produce hot water. 
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2.1.4 Geothermal heat pump business models. 
Conclusion:  Business Management Skills of the CPN Team 
The management of the CPN is uniquely qualified to take a leadership position in  
an accelerated ground source heat pump business.  This supposition is based on their 
experience with the technology and its requirements, the can-do attitude of their 
personnel and a ready market driven by increasing energy costs. 

GSHP Business Structure Strengthening – On CPN Properties 
The geothermal heat pump business is an integrated and structured set of professional and 
trade organizations working together with an architect/engineer to provide the building 
owner/Board a high performance and cost effective HVAC system.  Figure 2.3 is a flow 
diagram which describes in a general way how present geothermal business is conducted. 

The owner, in this case CPN, will initiate the idea of using geothermal heat pumps in  
a new building project.  It is important that aggressive leadership occurs at this time in 
order to prevent unnecessary resources being expended on alternative HVAC systems.   
If the GSHP becomes an alternate, then reworking and submitting fees for additional 
work can occur. Any time aggressive leadership is taken, it is critical that costs are 
known in advance.  The CPN leadership is positioned and is experienced to assume this 
role.  Also, the leadership has demonstrated their willingness to evaluate alternative 
GSHP design, seek professional help if needed and proceed in a timely manner. 

The selection of the architect/engineer team must be based on knowledge that they either 
have had successful experiences in the GSHP business or that they are willing to undergo 
training from a host of providers.  In many cases, submitted drawings will be nothing 
more than rule-of-thumb designs that do not reflect the latest thinking. 

The owner must take a lead role if the architect/engineer team is not experienced in  
the geothermal heat pump technology.  The architect selects or uses a previously used 
engineering firm to design the system.  If the engineer does not have experience with 
geothermal heat pumps, the engineer then has as a resource base of Technology 
Specialists (see Figure 2.3) who have expertise in critical areas that will result in a 
successful design and system operation.  The CPN has access to these specialists within a 
60 mile radius of their headquarters.  Within 100 miles, the International Ground Source 
Heat Pump Association is located, giving the CPN access to training, engineering and 
design support, and project monitoring.  Within the State of Oklahoma, there is a major 
heat pump manufacturer, plastic pipe extrusion, heat fusion equipment manufacturing, 
HDPE fittings manufacturer, drilling machine manufacturers, trencher manufacturer, 
horizontal boring machine manufacturing all the valves and fittings necessary to deliver 
systems with life expectancies greater than 30 years.  Within a 100 mile radius there are 
numerous companies each with continual growing businesses over the last 10 to 15 years.  
Five of these companies were surveyed as to size and market share.  The results of this 
survey are given in the next section in support of a new CPN business(s) development. 
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Figure 2.3. Flow diagram of how geothermal is conducted. 
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New CPN Business Development 
Five successful geothermal heat pump companies were surveyed to determine trends  
that led to their present business operation.  The gross annual revenue ranged from  
1 to 27 million dollars with employee numbers ranging from 4 to 50.  The businesses  
are described as Companies A through E. 
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Company A 
Company A has the following characteristics: 

• 	 Geothermal sales and installation of residential and light commercial systems 
• 	 Owners are a husband (driller) and wife (office/accounting) team with over 20 years 

experience in the geothermal heat pump business 
• 	 Eight  employees 
• 	 Gross annual sales $1,000,000 
• 	 Equipment 

o 	Two drilling rigs – 5 inch bore holes 
o 	No thermal grout used – extra bore hole length drilled to compensate 
o 	Two tractors with front end loaders to remove drill cuttings, etc. 
o 	Duct work trailer to support full system support 
o 	Two backhoes (Kubota) for headering 
o 	Five trucks 
o 	Heat fusion up to 3 inches 

• 	 Carrier geothermal heat pumps 
• 	 Typical or most desired job – 1,000 feet of borehole per day – single job 
• 	 Some manufacturers’ training, but mostly on-the-job training by the owner/operator  
• 	 Advertising by word-of-mouth 
• 	 Largest job – Oklahoma State Capital Building – approximately 400 bore holes 
• 	 Personal comment – “shouldn’t have been so conservative” 
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Company B 
Company B has many of the same characteristics as Company A, but also includes sales 
and service of conventional HVAC equipment.  Characteristics include: 

• 	 Geothermal sales and installation of residential and light commercial systems 
• 	 Owners are a husband (equipment operator) and wife (office manager) team with over 

20 years of experience 
• 	 Eleven employees (4 geothermal, 7 conventional HVAC equipment) 
• 	 Equipment 

o 	Trenchers - 2 
o 	Backhoes – 1  
o 	Plastic pipe heat fusion equipment up to 6 inches 
o 	Service trucks - 5 

• 	 Gross annual sales 
o 	$1,000,000 geothermal sales and installation 
o 	$1,000,000 conventional HVAC sales and service 
o 	System types installed 
o 	Horizontal trenches and horizontal bores 
o 	Vertical bore holes 
o 	Hybrid light-commercial 
o 	Lake/pond loops 

• 	 Territory covered – Oklahoma, Dallas/Ft Worth, Southern Kansas 
• 	 Capital investment 

o 	Geothermal - $300,000 
o 	Conventional HVAC - $150,000 
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Company C 
Company C is managed and operated by a former solar energy system installation person. 
The downturn in the solar market (tax incentives) resulted in getting involved in the 
geothermal heat pump business.  The business has progressed from single family 
residences to major university campus buildings.  The company prides itself in 
professional-looking installations with a great amount of care to appearance. 

• 	 Geothermal sales and installation of residential and light commercial systems 
• 	 Owner was an Engineer in the aerospace field 
• 	 Gross sales - $5 ½ to 6 million per year 
• 	 Number of employees 

o 	GSHP – 43 
o 	Conventional HVAC and service – 4 

• 	 Two drilling rigs for residential activity 
• 	 80% of all commercial drilling projects are subbed out for hole drilling and pipe loop  

insertion 
o 	Company personnel header the bore holes and other plastic pipe fusion 
o 	Grouting is by the company using a commercially built machine 
o 	Plastic pipe is either manufactured by Chevron Phillips or Centennial 

• 	 Owner claims that there is no money in drilling – very competitive business 
• 	 Conventional grout (not thermally enhanced) is recommended with additional bore if 

enhanced performance is required 
• 	 Company C has three divisions 

o 	Geothermal sales and installation 
o 	Energy products and supply 
o 	Geothermal Heat Pump System-loop services 
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Company D 
Company D is headed up by an Engineering Technologist (electronics and computers) 
and a Business graduate.  Both owners have worked for several major heat pump 
manufacturers in their areas of professional training.  In addition, both members of the 
company started as hourly laborers in the geothermal heat pump industry and gradually 
worked up through the ranks to their present positions.  Their work activities includes in-
the-trench experience, heat fusion joining, heat pump selection and sizing, customer 
service with a major heat pump manufacturer and large commercial project involvement. 

• 	 Number of employees – 5 
o 	Temperature and controls – building automation systems 
o 	Former contractor – sales, applications engineer 
o 	Electronics project management 

• 	 Total Sales $2,500,000 of which $1,000,000 is for system controls (most profitable 
component of the company) 

• 	 They are state-wide distributors of a major heat pump manufacturer’s equipment. 
• 	 All ground heat exchanger work is contracted out for in-house projects.  All other 

work is through mechanical contractors. 
• 	 Thermal testing is provided as a service with project funding usually by the electric 

utility.  Annual sales for thermal testing is $60,000 which includes drilling and 
borehole completion (pipe loop installation and grouting.) 

Company operates on a Three Question Approach to any potential sales opportunity: 
• 	 What is the profitability potential of the opportunity 
• 	 Probability of closure of the project 
• 	 Pay-ability potential of the customer 
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Company E 
Company E is the largest of all studied.  The operation consists of two distinct operations 
or divisions: 1) Goods and Service and 2) a Professional Division that provides design 
support, installation and commissioning. 

The sales and services division supports a dealer network of installers and mechanical 
contractors serving residential and light commercial projects.  As part of this division’s 
activities, training and design methodologies are provided and supported.  Product lines 
are offered, installation equipment is developed and marketed and specialized 
components are developed and/or manufactured. 

The professional division’s primary business includes schools, large commercial and 
governmental projects.  They team with TRANE Corporation as a governmental pre-
qualified Energy Service Provided Company (ESCP.)  Their design professionals (not 
Professional Engineers) are experienced in geothermal piping (includes indoor HDPE 
piping), specialized header vaults, unique valving and fittings, manufacturing of 
specialized components, filtering equipment, flushing and purging systems and 
commissioning equipment. 

The Goods and Services Division has: 
• 	 Annual gross sales of over $10,000,000 
• 	 Eight employees 
• 	 Associated installation and service equipment (trucks, trailers, skid loaders, backhoes, 

fusion equipment 

The Professional Division has: 
• 	 Annual gross sales $17,000,000 
• 	 Forty six (46) employees 
• 	 Drilling company 
• 	 Thermal bore hole testing service 
• 	 Manufacturing capability that includes 

o 	Header vaults 
o 	Service trailers 
o 	Flushing and purging equipment 
o 	Piping systems 

The company presently operates in the US, Japan and Korea.   
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Conclusions on Business Types 
The authors have the advantage of personally knowing the principals in all of the six 
companies and were able to support and learn from them during their company develop
ment. There are many statistics that may be calculated based on this limited study such as 
dollars generated per employee, capital investment per million dollars of business, etc. 
But the one thing that stands out is that the businesses are an outgrowth of their family 
business background and/or academic training.  All of these business leaders would have 
been successful no matter what business they entered into.  The technology didn’t make 
them better, they made the technology better.  They did this through their own efforts of 
being in the business, participating in technology development and recognizing very early 
that getting started in a technology that has a strong science base would make sense. 

Conclusion Number 1 
The size of operation of the individual company depends strongly on how well the 
business owner is able to delegate work tasks.  Both Companys A and B have the 
business owner taking an active part in the actual installation.  For example, one is a 
licensed driller and does all the drilling personally and the other operates a trencher.  
Each individual can do every job and do it exceedingly well.  Both companies have 
businesses that are stalled out at about $1,000,000 per year (2004 dollars). 

There is very little difference in what kind and size of equipment is required in their 
operation. It is as if they were all trained by the same person, company or manufacturer. 
Both companies own equipment to heat fuse pipe up to 3-inches in diameter. 

Conclusion Number 2 
In order to enter into the light commercial geothermal heat pump business, a working 
relationship with a professional is generally required.  A PE will be required if a design 
must be stamped. If the client/owner has sufficient confidence and capitol to fund the 
project, then small commercial businesses such as service centers, etc. can progress 
without the services of a PE.  Repetitive and established designs fit this type of 
installation contractor. A number of residences for “Stars” fall into this category. 

Conclusion Number 3 
Large commercial installation companies will operate much like that detailed in Figure 
2.3. Professional Engineers will contact known and experienced technology specialists 
that have a number of successful projects that developed under their tutelage.  The role  
of the large installation companies is to trim the fat and bring the project into budget! 
This ability comes from successful experience. 

Companies that fall into the large government programs will team with a major electric 
utility that has a subsidiary company or a major heat pump manufacturer to form a 
government pre-qualified Energy Services Provider Company (ESCP).  Individual 
projects will be in the multi-million dollar range (Ft. Polk, Ft. Sill, Oceania Naval Air 
Base, etc.) 
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Potential Business Opportunities 
Form or purchase a geothermal heat pump business like one of the aforementioned 
companies (A through E.) Each one of these companies started small because of the 
limited knowledge base at the time of their beginning. Each person involved in the start
up was experienced in the technical side of a business (not necessarily geothermal.)   
The hiring of a broad based and experienced geothermal engineer/technologist is advised. 

One or more of the following allied businesses have developed and are potential options 
for the CPN.  

1. 	 Form a geothermal heat pump business to provide fabrication of specialty 
components, manufacturing of specially developed service equipment and 
distribution of products as illustrated in the attached photos. 

2. 	 Get key persons trained and become an on-the-job training group using IGSHPA 
type materials. Included would be persons trained as Accredited Installer, Certified 
GeoExchange Designer (CGD), etc.). 

3. 	 Form a geothermal drilling, installation and commissioning company. 

4. 	 Provide a borehole thermal testing service and a machine manufacturing business 
company. 
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1. Geothermal Heat Pump Business (Fabrication-
Manufacturing-Distribution) 

Flushing and Purging Equipment – Prefabricated Header Vault – 
Manufacturing opportunity, distribution Manufacturing, distribution and sales 
and sales 

Prefabricated Vault - Interior View Prefabricated Vault -Interior View 
(valves, pressure temperature ports, tracer 
wire, heat fusion fittings, etc.) 

Product Distribution – PT Ports Distribution - Electro-Fusion Fitting 
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Distribution - Plastic Pipe HDPE 3408 Fabricated Interior Piping Systems 

Large Diameter Heat Fusion Manufacturing, Thermal Borehole 
Equipment Testing Service 

Eight- Inch Heat Fusion Machine Geothermal Drill Rigs 
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Filtering Assembly – Manufacturing and  Specialized Service Equipment - Interior 
System Commissioning View of Service Trailer 

Commissioning Equipment Field Service Trailer – Manufacturing 

Fabrication of Large Pipe Fabrication Cast Header Vault - Installation 
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2.  IGSHPA Training Programs
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3.  Geothermal Drilling/Installation/Commissioning 
Company  

Large project drilling capability Pipe sales and installation 

Large Pipe Heat Fusion Large Pipe Fabrication 

Borehole heat exchanger completion – Bore hole thermal testing service 
grouting, spacing 
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Heating Pipe Ends - Service Pipe Heat Fusion Joining 

Pipe / Borehole Headering Pressure Testing Service 

Filling and Pressurization Equipment – Hookup and Commissioning – Integration 
Fabrication and Service with Indoor System 
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Project Management and Installation Landscaping Restoration 
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4. Borehole Thermal Testing Service and Manufacturing 
Business 

The unit was 

In-situ Test System Schematic 

Pump 

amps 

r 

Shown on the left is a borehole thermal 
testing unit developed at Oklahoma 
State University.  
fabricated with OSU personnel.  
Research was by Dr. Marvin Smith, Dr. 
Richard Beier and others.  Research 
results have been published. 

Below is a schematic diagram on the 
basic operation of the unit. 

Heater 

Data Acquisition 
System 

Constant hot water source 

Temperature In Temperature Out 

Power Usage 
volts 

Flow Senso

Ground heat exchanger in place (grouted) 
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2.1.5 Integration or sharing of HVAC loads. 
Discussed in Integration or Sharing of HVAC Loads under Near Future Implementation 
in the Executive Summary. 

2.2 Future Implementation—Beyond 5 Years 

2.2.1 Growing, harvesting and transporting biomass to gasification-fermentation 
plants being developed by OSU researchers. 
Conclusions 
Biomass in the form of grasses and crop residues can potentially be converted to ethanol 
and other fuels.  Although a biomass facility will require a large investment of 60 to 170 
million dollars, CPN may want to participate by being a supplier of feedstock (grasses or 
crop residues), if such a facility is constructed nearby. 

Background 
Biomass, in the form of wood, supplied the majority of the world’s energy needs [5] up to 
the late 1800’s. Then the industrialize countries adopted fossil fuels first in the form of 
coal, and later as oil and natural gas.  After the “oil shocks” in the 1970’s, governments 
started to fund research into biomass energy sources.  By the late 1970’s biomass energy 
was about 2% of the total US energy consumption or 850,000 BOE/day.  The 
abbreviation BOE stands for Barrel of Oil Equivalent, which is an energy unit 
representing a barrel of crude oil. 

In 1990, biomass energy production increased to 1.4 million BOE/day, or about 3.3%  
of the US energy consumption rate.  Klass [5] compiled the sources of biomass energy 
in the United States as listed in Table 2.3 for the year 1990.  Projections are given for the 
year 2000.  Commercial and residential energy use from wood and wood wastes made up 
nearly 84% of the total biomass energy consumption.  Municipal solid wastes made up 
about 10%. Agricultural wastes and landfill gases each make up about 1%. 

Table 2.3. Biomass energy in the United States 
in 1990 and projected for 2000 [6]. 

Biomass Energy Biomass Energy 
Resource in 1990 in 2000 

BOE/day BOE/day 
Wood and wood wastes 763,000 1,021,000 
Municipal solid wastes 141,100 292,400 

Agricultural and 18,600 37,100 
industrial wastes 

Methane 17,200 49,200 
(mostly gas from 

landfills) 
Ethanol & other biofuels 29,200 92,800 

(transportation fuel) 
Total 1,371,000 2,026,200 

Percent of energy .3 4.8 
consumption 

31 




All of the sources of biomass energy (Table 2.3) are related to waste material except for 
ethanol for transportation fuels.  Ethanol contributed only about 2% to the total US 
biomass energy production in 1990, but has increased in the last decade.  Corn is the 
source for ethanol, which is blended with gasoline to increase its octane rating. 

The growth of ethanol use in the 1990’s was triggered by the Clean Air Act Amendments 
[7, 8]. These laws require oxygen-containing molecules in gasoline additives in specific 
regions to improve air quality.  Ethanol competes with Methyl tertiary-butyl ether 
(MTBE), which is derived from petroleum and is the most widely used oxygenate.   
But the growing environmental concern of MTBE leaking from tanks and polluting 
groundwater may restrict its future use and increase the demand for ethanol.  The federal 
government and some states subsidize the use of ethanol for transportation fuels. 

Fuel from Grasslands 
For the Citizen Potawatomi Nation, the most attractive biomass project would be based 
on plants that thrive in Oklahoma. Because much of the state was originally grasslands, 
biofuels from grasses are a logical focus.  An active research program [7 – 9] at 
Oklahoma State University is studying the use of grasses to produce ethanol or other 
fuels. One possible source crop is switchgrass, which can grow on land poorly suited  
for cultivated crops.  Other sources include native grasses and crop residues.  The OSU 
group hopes to have a pilot plant operating in about three years. 

The process used by the OSU group is quite different from the grain-fermentation process 
of making ethanol from corn.  The grain-fermentation process uses only the corn seed 
leaving the rest of the plant behind.  The OSU group is using a gasification-fermentation 
process, which can use a wide variety of feedstocks such as grasses and crop residues, 
including the corn stocks not used in the grain-fermentation process.  The ability to use a 
variety of feedstocks gives flexibility by taking advantage of the different harvest periods 
of various crops.  Also, land that is unsuitable for commercial crops in Oklahoma can still 
be used for growing grasses as a feedstock. 

In the OSU process (Figure 2.4), the feedstock is cut into pieces before going into a 
fluidized bed, which produces a synthetic gas consisting of mainly CO, CO2, and H2. 
This synthetic gas then enters a bioreactor, which contains organisms.  These organisms 
are selected from naturally occurring bacteria.  The bacteria convert the synthetic gas  
to ethanol or other useful liquid products. 
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Figure 2.4.  Diagram of gasification-fermentation process. 

The gasification/bioreactor process is significantly more energy efficient than the grain-
fermentation process currently used to transform corn seed to ethanol.  The ethanol 
product from corn contains 30% more energy than was used to produce the ethanol fuel.  
On the other hand, the gasification/bioreactor process may increase the energy content  
by 200% to over 300%.  Thus, the net energy added in the process may be a factor of 10 
over the energy added by the grain-fermentation process. 

With the more efficient process comes cost savings.  The typical price for fuel-grade 
ethanol is about $1.40 per gallon, which includes a $0.50 per gallon government subsidy. 
A projected cost for producing ethanol by the gasification/bioreactor process is $0.76 per 
gallon [8], which represents a substantial savings.  A typical round bale of hay (1100 
pounds) would be converted into about one barrel (42 gallons) of ethanol. 

The above economics are projected for facilities each producing 25 to 100 million gallons 
of ethanol per year [8].  To produce 100 million gallons per year would require 224 
truckloads of 17 dry tons of biomass per day.  To control transportation costs the 
feedstock would be harvested within 25 miles of a facility. 

The initial investment for a biorefinery is estimated to be $59 million, $100 million, or 
$170 million for 25, 50, and 100 million gallons per year facilities, respectively. If such 
a facility is planned or built within 50 miles of the Citizen Potawatomi Nation, the Nation 
may look into providing biomass for the facility. 

2.2.2 Integrated energy systems (IES)/combined heat and power 
(CHP)/cogeneration type system producing electricity and heat to support a 
business to be identified. 
Conclusions 
If after five or more years, CPN is using all the current excess thermal energy, the Nation 
should explore combined heat and power systems. In these systems, excess thermal 
energy from in-situ electric power generation could be used to heat buildings or perform 
other uses. 
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Discussion 
A byproduct of on-site electrical power generation is thermal energy for heating (or 
cooling) nearby buildings.  Such systems [2, 3] are referred to as combined heat and 
power (CHP) systems or Integrated Energy Systems (IES).  Potentially 80 percent or 
more of the energy from a fuel can be converted to useful energy.  Such energy efficiency 
is much greater than typical efficiency at large central power plants operated by electrical 
power companies. This increased efficiency may turn into an economic advantage, 
depending on the utilities price schedule and on-site fuel costs.  Currently most CHP 
systems are located at college campuses or health care facilities. In both cases nearby 
buildings and operations put otherwise wasted thermal energy from on-site electrical 
power generation to use. 

LeMar [3] illustrates CHP options for multiple buildings in Figure 2.5, along with a 
conventional non-CHP system.   In the diagram of the conventional system natural gas  
is supplied to a boiler, which generates steam or hot water for space heating.  A chiller 
operating on electricity provides cold water for air conditioning and ventilating needs.   
The CHP system generates not only electricity but steam or hot water for nearby 
buildings.  The uses of the hot water/steam include space heating, domestic hot water,  
or an energy source for an absorption unit and chiller.  The absorption unit and chiller 
supply chilled water for air conditioning. 

Figure 2.5.  Diagram of conventional system for building  
(Modified from LeMar, 2000). 
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CHP systems may use reciprocating engines (pistons moving back and forth), turbines,  
or fuel cells in the generation of electricity.  Each of these installations discharge thermal 
energy as illustrated in Figure 2.6.  Table 2.4 (from LeMar [3]) lists cost and performance 
information for each alternative. 

Figure 2.6.  Diagram of CPN system for building (Modified from LeMar, 2000). 

35 




Table 2.4. Costs and performance of types of 
CHP systems (from LeMar, 2002). 

Technology Engine 
Turbine and 
Microturbine Fuel Cell 

Size 30 kw – 8 MW 30 kW – 20+ MW 100 – 3000 kW 
Installed Cost 300 - 1500 350 - 1500 2000 - 5000 
Elec. Efficiency 28 – 42% 14 – 40 % 40 – 57% 
Overall Efficiency ~80 -85% ~85 – 90% ~80 -85% 
(With CPN) 
Variable Operating 0.0075 – 0.02 0.004 – 0.01 0.002 – 0.05 
and Maintenance 
($ / kWh) 
Footprint 0.22 – 0.31 0.15 – 0.35 0.9 
(sqft / kW) 
Fuels Diesel, natural gas, Natural gas, diesel, Natural gas, 

digester gas, kerosene, naphtha, propane, digester 
biomass gas methanol, ethanol gas, biomass gas 

Although both diesel engines and natural gas (spark ignition) reciprocating engines are in 
use, natural gas engines are able to more easily satisfy revised emission regulations.  In 
urban areas, reciprocating engines are sometimes placed in sound enclosures because the 
generated noise becomes an issue.  Installed costs generally exceed the corresponding 
costs for turbines but fall below the current costs of fuel cells.  Installed costs vary 
significantly based on size, configurations, and other parameters related to a particular 
site. 

Combustion turbines offer lower emissions and maintenance costs.  These turbines are 
generally used to produce a continuous supply of electrical power and steam/hot water.  
With longer startup times compared to reciprocation engines, turbines are generally not 
used for emergency or intermittent peak power demand. 

Fuel cell costs are the highest of the three above choices.  As explained elsewhere in this 
report, current and future research in fuel cell technology may make them more attractive 
in the future. 

CHP systems are more economically feasible where electric utility rates are high and  
the price of natural gas is low.  Coal-fired plants in Oklahoma make electric utility rates 
relatively low, and the price of coal is very stable compared to other fuels such as natural 
gas.  This situation makes CPN systems less attractive in Oklahoma than some other 
areas in the United States. 
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3. Response to Proposal Objectives 

3.1 Objective One 
Set a baseline assessment for the Citizen Potawatomi Nation and create an energy vision. 

3.1.1 Baseline assessment of where tribe is now. 
CPN is transitioning into active procedures to implement methods of reducing energy 
usage and costs. Plans are to install energy-saving geothermal heat pumps into tribal 
housing projects and in the new Heritage Center. In addition, the tribe is actively 
pursuing the reduction of energy costs through possibly changing electric service levels 
of operation (ownership levels). 

This DOE grant testifies that an energy plan is needed and desired by the CPN. A vision 
and energy strategic plan is required to efficiently proceed, and this grant provides the 
funds to move from where they are to where they want to be. 

Section 3.2.1 of this report contains information regarding the current facilities 
assessment. 

3.1.2 Create an energy vision of where tribe wants to be. 
Considerable planning and evaluation is required to proceed to the point of creating an 
energy vision.  Some techniques are available to assist in having a broad window from 
which to view the options. A method was found in [10] that was applied to land and 
minerals which was modified to apply to this project.  It is included in Appendix 6.1.   
In this Appendix is an example of evaluating geothermal heat pump characteristics and 
applications as a potential part of planning, leading to creating a vision for the Citizen 
Potawatomi Nation. 

As energy options are presented, then the assets are weighed to determine the vision that 
satisfies the characteristics and resources available to the CPN.  Even though the vision 
encompasses breadth of activities, it is focused on a direction that can be accomplished.  
With respect to CPN, we see the leadership, the desires and the resources being aligned 
with a vision of reducing energy and creating energy related businesses. 

3.2 Objective Two 
Perform energy efficiency analysis on opportunities which exist to reduce overhead and 
increase the efficiency of energy consuming devices, improving the design of the overall 
system, switching to a more efficient system, improving control of the system, improving 
maintenance, and reducing demand of CPN buildings. 

3.2.1 Baseline energy assessment of CPN facilities. 
Information has been gathered for some of the facilities that have potential for improved 
energy savings and cost reduction.  These facilities are listed in Table 3.1 along with 
some of the systems that relate to energy consumption.  Entries in the tables are with the 
higher energy consumers listed first and descending to the lower consumers.  The first 
four are the greater consumers by a significant amount. CPN HVAC systems are 
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dominated by Pack units, which normally have a low first cost, but a high operating cost.  
Other conventional systems, such as through wall air conditioning units and gas furnaces 
are found in the facilities.  None of these are high efficiency systems so there is a 
potential to reduce energy consumption.  Since the lights are primarily florescent bulbs 
the potential to make significant energy changes with lights is very small relative to the 
changes that can be made with HVAC systems. 
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Table 3.1. List of building systems and features for key CPN facilities. 

CPN Facility Summary of Key Systems 

Building Name 
Building 

Area 
Pack Units 
Gas/Elect. Furnaces 

Chillers or A/C 
Units Heat Pumps Cooling Towers 

Total Total Total Total Total 
No.of Cumulative No.of Cumulative No.of Cumulative No.of Cumulative No.of Cumulative 

Sq. Feet Units Capacity Units Capacity Units Capacity Units Capacity Units Capacity 
clg, 204 tons Electric Fan 

htg 3088 Coil Unit 
FireLake Disc. Foods 82,000 12 MBtuh 9 478 MBtuh 4 270 tons 0 4 765 tons 
Casino 11 168.5 tons 2 60000 Btuh  2 5 tons 0 0 
Bingo Hall 80,000 14 115.5 tons 1 36000 Btuh 3 9 tons 0 0 
Headquarters 60,600 22 196.5 tons 0 47 58 tons 0 0 

Wellness Center, 
Title VI- Wellness Ctr. 21,000 0 1 

Boiler,   
1058 MBtuh 0 31 24.3 tons 1 ? 

Clinic 25,700 2 240000 Btuh 4 20 tons ? ? 0 
Clubhouse/Restaur. ? 0 3 300000 Btuh 3 15 tons 0 0 
Kickapoo St. Warehse ? 0 4 1400 MBtuh 0 0 0 
Taj/Engr. 11,400 0 9 1088 MBtuh 9 60.7 tons 0 0
 Golf-1  Water Well Water Well-Only a pump and motor (7.5 HP motor, pumps 55 gpm) 
Police Station 3,000 3 11.5 tons 0 0 0 0 
Pow-Wow Grds. 
Reunion Hall-N 6,255 0, 1, 24,000 Btuh 1, 2 tons,   0, 0, 
Reunion Hall-S 4,817 0 1 24,000 Btuh 1 2 tons 0 0 
Former Grocery Store All equipment was being removed from the store--therefore no evaluation 
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Table 3.1. List of building systems and features for key CPN facilities continued. 
CPN Facility Summary of Key Systems 

Energy Recovery Food Preservation 
Building Name Wheels Hot Water Units /Preparation Lights Other Observations 

Total Total 
No.of Cumulative No.of Cumulative Total No.of Cumulative 
Units Capacity Units type Capacity Units Capacity Type 

FireLake Disc. Foods 0 1 gas 100g 199MBtuh 64 106.5 tons mercury v. 
Casino 1 ? 5 elec 3ea/50gal 2 0.65 tons florescent 750 slot mach. 
Bingo Hall 1 ? 4 ? 2ea/20 gal 1 0.52 tons florescent ea. 30.7 tons 
Headquarters 0 ? 0 florescent 
Wellness Center, 
Title VI- Wellness Ctr. 0 1 gas 725,000 Btuh 2 

Walk-ins,   
18,000 Btuh florescent 

Clinic 0 1 gas 
75,100Btuh 

68.3 gal 0 florescent 
Dryvit walls 
need repair 

Clubhouse/Restaur. 0 1 gas 
75,100Btuh 

68.3 gal 

Freezers, 
walk-ins, 

ovens, etc. Unknown florescent 

Kickapoo St. Warehse 0 0 
2 walk-in C 
3 walk-in F 

5.8 tons 
19.6 tons mercury v. 

Taj/Engr. 0 2 
34 MBtuh 40g 
72 MBtuh 75g 0 florescent

 Golf-1  Water Well Water Well-Only a pump and motor 
Police Station 0 1 elec. 1500 Watts 0 florescent 
Pow-Wow Grds. residential 
Reunion Hall-N 0, 2, elec. 11000 Watts Refrig & Unknown, florescent, 
Reunion Hall-S 0 2 elec. 11000 Watts Rng Unknown florescent 
Former Grocery Store All equipment was being removed from the store--therefore no evaluation 
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To enable a quantitative comparison of the area systems, the electric data will be used 
from 11 buildings.  Figure 3.1 shows the total electric service costs for a month related  
to the electric usage for eleven facilities at CPN.  As seen in the figure, the four greatest 
electric consumers are FireLake Discount Foods, Casino, Headquarters and the Bingo 
Hall. The energy costs for Firelake Discount Foods is about twice as high as the Casino, 
and over three times as high as the Headquarters.  The remaining seven are grouped at 
less than about one-tenth of the Foods store.  The significance of this figure is two-fold, 
one it shows the facilities with the highest absolute total electric costs, and the other is 
that the seven facilities increase in cost with an increase in kWh usage at a higher rate 
than the four with the greatest total electric costs.  This information implies that even 
though CPN pays a higher rate for facilities with lower electric consumption, it is more 
important to focus on the high electric consumers. 

Rate of Increase of Total Electric Cost with respect to kWh 
Data for the month of August 26, 2004 to September 27, 2004 
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Figure 3.1. Electric consumption relative rate costs for eleven CPN facilities. 
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It is helpful to know the seasonal effect associated with the facilities.  Figure 3.2 is a 
graph of total electric service cost for a 13-month period for the four highest energy 
consumers.  It shows that all the facilities have a higher cost in the summer.  This is 
deceiving in some respects since other features can cause this rate change other than 
electric usage.  Demand charges and fuel adjustment charges both have a significant 
effect on the cost.  Reviewing Figure 3.2 shows the costs for FireLake Discount Foods 
facility increases by about $13,000, from lowest to highest costs, which appears to be 
seasonal. But by reviewing Figure 3.3, it is seen that about $8000 of that could come 
from an increase in demand and fuel adjustment costs, so the difference is not all 
seasonal. Also, by looking at Figure 3.3, the variation in the usage, which is read off the 
right axis, shows about a 25% variance between winter and summer.  This information is 
indicative of systems that are governed by internal gain, not so much seasonal.  On the 
contrary, by viewing Figure 3.2, it is seen that the summer cost for the Casino is almost 
8.7 times higher than the winter costs, showing a strong seasonal dependence.  These 
features help direct attention to source of influence. 

FireLake Discount Foods, Casino, Headquarters and Bingo Hall 
Total Electric Service Cost vs Time 
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Figure 3.2. Total electric service costs for a period of 13 months  
for CPN’s four highest consumers. 
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FireLake Discount Foods Electric Charges 
Energy, Demand, Fuel Adjust Amount and Total Service Charge 
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Figure 3.3. Costs and Usage relationships for  
FireLake Discount Foods’ electric, 2003 and 2004. 

Knowing the FireLake Discount Foods facility is primarily from internal gain, leads to 
the conclusion that any energy leaving the building is from system operation.  By 
reviewing the system in the FireLake Discount Foods shows there are four evaporative 
condensers and these would be continually venting heat energy to the atmosphere.  A 
relative constant supply could be counted upon to provide heat to another building or 
some process that required heat for a profitable enterprise.  It is profitable to save energy, 
and one way to do it would be to replace the gas heat with heat that would be vented by 
the evaporative condensers.  Gas consumption is plotted in Figure 3.4 and FireLake 
Discount Foods’ consumption for the winter of 2002 and 2003 is sufficiently high to save 
on the order of $40,000 a year. 
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Gas Consumption Comparison Between FireLake Discount Foods and Casino 
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Figure 3.4. Gas consumption as a function of time for  
FireLake Discount Foods and the casino. 

3.2.2 Identification of energy efficiency devices that could be implemented in CPN 
facilities. 
The introduction of energy efficient lighting should be explored in the CPN buildings.  
Newer fluorescent light systems may potentially have energy savings of up to 44% 
compared with conventional fluorescent systems [11]. 

The removal of cigarette smoke in then Casino requires ventilation with outside air.  The 
most current engineering information should be reviewed for designing such ventilation 
requirements [12, 13]. 

3.2.3 Preparation of cost benefit analysis of energy efficiency practices and 
technologies proposed for implementation. 
Cost benefits are dependent upon the resources available and the maturity of the practices 
and technologies to be considered.  Examples are the current tribal housing project, the 
new Heritage Center, the concept of an energy bank with the energy from FireLake 
Discount Foods, and the biomass plants.  All these topics are covered in more detail in 
other sections of the report. 

The tribal housing project leaders found that changing from conventional HVAC units for 
the housing and replacing them with geothermal heat pump units would save operation 
costs on the order of 35%. Initial plans were to use vertical boreholes and the source side 
energy for the heat pumps.  Then becoming knowledgeable of horizontal boring and 
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eliminating or reducing grout costs gave them another approach that could be done with 
CPN personnel and equipment, which reduced the installation cost significantly. 

The new Heritage Center was planned with geothermal heat pumps to heat and cool the 
building.  Again, the plan was to use vertical boreholes to provide energy to the source 
side of the heat pumps. Subsequently, it was determined that with the ponds in the golf 
course and well water being pumped into them continuously provided a large savings by 
changing to pond loops.  The difference in costs between vertical boreholes and pond 
loops was estimated to be more than 75% savings. 

The concept of an energy bank, energy going in and energy being taken out, would take 
advantage of the excess heat being rejected from FireLake Discount Foods A/C chiller 
racks and refrigeration racks.  Rather than waste the heat into the atmosphere, as is 
currently being done, the heat would be directed to an energy bank; in this case a pond 
and or businesses that use heat energy.  The four racks have a capacity to reject 6,437 
MBtuh of energy to a process that is beneficial.  Whenever a waste is turned into an asset, 
it can be assured that considerable profits are highly possible.  The combinations of the 
waste heat being available, a water source on site, space to place a pond or a business  
or both and the technology to do it is what makes this viable. 

A biomass plant to convert Oklahoma grasses and crop residues to ethanol and other 
useful products at a cost between $60,000,000 and $170,000,000, is too large an 
investment, and the process is still in its development stage. In maybe 7 to 10 years this 
process developed by Okalahoma State University researchers will be in the production 
phase. The economics projected are promising, and an opportunity exists in the future for 
the nation to consider growing and trucking the biomass to a local commercial facility. 
In this example, it is seen that the technology is not yet available, but it is a potential for 
CPN to be in a business associated with biomass conversion. 

3.3 Objective Three 
Conduct an analysis and evaluate feasibility of biomass resources, geothermal resources, 
propane gas and natural gas distribution systems, and the future of hydrogen and fuel 
cells in the areas of production, transportation, and storage of large quantities. 

3.3.1 Baseline assessment of biomass, geothermal, hydrogen/fuel cell resources, 
propane and natural gas distribution systems on CPN lands. 
• Biomass 
Discussed in 2.2.1 Growing, harvesting and transporting biomass to gasification-
fermentation plants being developed by OSU researchers. 

• Geothermal Energy 
Conclusions 
The potential for using underground resources of steam or hot water exists in western 
states but not Oklahoma. Ground-source heat pumps (sometimes called geothermal heat 
pumps) are a viable technology in Oklahoma. 
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Discussion 
Developments of geothermal resources can be placed into three categories [6, 14] based 
on the temperature of underground resources of steam, hot water, or rocks: 

1. 	 electric power production with high temperatures greater than 300 ºF. 
2. 	 intermediate to low temperature applications using underground temperatures less 

than 300 ºF. 
3. 	 ground-source heat pump applications with underground temperatures below 90 ºF. 

In the first category, electric power is produced using underground steam or hot water 
taken from wells.  The steam flows through turbines above ground to generate electricity. 
Historically, electric generation generally required underground resources above 300 ºF.  
Under favorable circumstances, however, some power plants have generated electricity 
economically with underground temperatures above 230 ºF. 

In the second category, underground hot water is used directly for spatial heating in 
greenhouses, spas, commercial buildings, or homes.  The underground water may also 
serve for other domestic uses. 

Finally, geothermal heat pumps (in the third category) use the near-surface soil and rocks 
as a heat sink or source for space heating and cooling. 

As illustrated in Figure 3.5, the hottest geothermal resources are in the western states,  
as well as Alaska and Hawaii.  None of the resources identified by Lineau et al [15] are 
located in Oklahoma.  Therefore, the potential for geothermal energy in Oklahoma is 
limited to ground-source heat pumps in category three.  These applications are discussed 
in other sections of the present report. 
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Figure 3.5.  Geothermal resource areas in the United States (Lineau et al, 1995). 

• Hydrogen/Fuel Cell Resources 
Discussed in 3.3.7 Analyze Manufacturing and Production Technologies in the Areas of 
Hydrogen/Fuel Cells, Natural Gas and Propane Distribution. 

• Propane Distribution Systems 
Conclusion 
A potential exists to become involved in a propane distribution company but for the level 
of investment required and the trend to replace the high priced fuel with geothermal heat 
pump systems it would be risky. 

Discussion

The following is an excerpt from a report to the New Jersey Propane Research & 

Education Foundation [16]. 


“The propane distribution and retail sales business in New Jersey has a significant 
number of small firms, essentially "mom & pop" operations. Many of these have 15 or 
fewer employees.  At the same time, other propane distribution and retail sales businesses 
employ hundreds. This makes the creation of a general description of the entire industry 
difficult. Our sample covers 42% of all businesses in the industry, excellent coverage,  
but the extreme variations in firm size present several complications” 
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This gives the picture that often propane distribution is for small firms that can prosper 
from this type of business.  They also quoted the following: 

“Wholesale and Retail activities in this region have strong forward and backward 
linkages. Each $1 million spent on propane goods, materials and services at the wholesale 
level, will create 3.3 direct jobs, and each $1 million spent at the retail level will create 
19.9 direct jobs. Because of the nature of the propane industry, distribution methods, 
capital intensity, etc. it is very logical that wholesale-related activities will generate fewer 
jobs than retail related activities. This is true across the board for all businesses in New 
Jersey and the region.” 

Therefore, implying that for CPN, it would create approximately 19.9 direct jobs for each 
$1 million spent on propane goods, materials and services at the retail level.  This is a 
good multiplier but it is not unique to propane distribution. 

Appendix 6.5 contains an advertising article that shows that a franchise can be purchased 
for the distribution of propane [17].  It gives general information regarding the cost of 
starting a business which includes a franchise fee of $34,900 and total capital investment 
of between $64,000 and $174,400.  With this type of investment and for the cost of 
propane increasing it would cause caution to become involved in this type of endeavor. 

• Natural Gas Distribution Systems 
Conclusions 
An enterprise to install natural gas distribution systems would possibly have merit if the 
activity were focused upon the housing development area. 

Discussion 
A natural gas distribution system requires a range of talents to design, build and maintain 
and some companies do this as a turnkey operation.  An example of a turnkey company 
is found in reference [18].  Design of the system would require a professional engineer  
to stamp the drawings.  A design of the route, the pipe and compressor stations requires 
engineering applications of design equations.  Accompanying these activities are 
surveying, easement acquisition and permit procurement.  Detailed drawings and  
as-built drawings are required to convey the design to the construction team. 

Keeping the project on schedule and procuring the materials in a timely manner is some 
of the duties of the construction team.  Supervisors, equipment operators and pipe  
crews work together to complete the installation of the systems.  Front end loaders and 
backhoes, dozers, cranes, horizontal boring equipment, pipe fusion equipment are some 
of the equipment required to do the job.  Installations of metering systems, performing 
leak detection and repairs before placing the system in operation are required. 

Maintenance of the systems requires being on call day and night in the event of an 
emergency.  The personnel must be qualified to detect leaks and repair the system to keep 
the public safe.  Additions to the piping system sometimes require hot taps to minimize 
downtime. 
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Citizen Potawatomi Nation could benefit in applying the following approach to installing 
pipelines and utilities. A technique to install natural gas systems in housing development 
projects is called a joint trench [19].  Joint trench is putting five utilities in one trench. 
Water is the deepest, and then at about four feet, there are pipe laid or cable laid for 
electric, cable TV, and telephone.  These three utilities are at a lateral separation in the 
trench. At about two feet deep is the natural gas line centered above the utilities. 
Planning for this takes a coordinated effort.  After the right away is defined and the 
distribution of the utilities has been made, then the material is warehoused so it will be on 
hand for timely and efficient installation of the utilities.  From the main and branch joint 
trenches the utilities are pulled into the house/buildings and connected without cutting 
through other lines. 

Considerable equipment and talent are required to embark on an enterprise to design, 
install and natural gas distribution systems.  A study has not been done to determine the 
number of systems is installed over a year’s time to estimate if the potential exists to 
pursue this large of commitment. Visual observations indicate that the potential to install 
gas lines in housing developments might be done sufficiently frequent to merit some 
consideration. 

3.3.2 Baseline assessment of microturbine. 
Conclusions 
The benefit of using microturbines is the greatest when waste gas is used as energy 
source and the hot exhaust gas is used for heating water or other purposes. Microturbines 
can also be very effective for shaving peaks. A few microturbine models are available, 
and the specifications of five models are listed in this report. The reasonable range  
of capital investment for installation of microturbines is $1200-$1400 per kW. The 
efficiency of microturbines decreases when the ambient temperature increases or when 
the load is less than the design value. 

Background 
The term “microturbines” indicates gas turbines in the range of 5 - 200 kW [20] or 20
500 kW [21], though these definitions are arbitrary. Development of small gas turbine 
generators began in the 1960s mainly for ground transportation. A successful example 
was the Allison GT404 turbine engines installed in six Greyhound buses and operated 
from 1971 to 1978 (www.shomepower.com/dict/m/microturbine.htm). But it was in the 
late 1990s when microturbines emerged as a new on-site power generation technology 
[22]. A schematic of a typical microturbine system is shown in Figure 3.6. Essential 
elements of a gas turbine generator include a compressor, combustion chamber, turbine, 
and generator. It is a common practice to include a recuperator in order to increase 
thermal efficiency of the system. A few highlights of microturbines include: 

• 	 Efficiency: Thermal efficiencies of microturbines approach 30%. 
• 	 Reliability: Maintenance intervals are 8000 hours or longer.  
• 	 Success stories: There are numerous success case stories. In a metal plating facility, 

for example, the projected payback period is only four years.  
• 	 Distributed power: Microturbines can shave peaks economically and provide power 

in emergencies.  

49 




• 	 Cogeneration applications: Both heat and power can be utilized for maximum 
efficiency in a variety of facilities such as restaurants, hotels, residential care 
facilities, and small factories. 

Figure 3.6. Schematic of microturbine system (www.globalmicroturbine.com). 

Available models and prices 
Based on web search, it appears that there are three major brands of microturbines: 
Capstone (C30 and C60), Elliott Power (TA80R), and Ingersoll-Rand (IR 70 and IR250). 
Shown below in Table 3.2 is the comparison of five models. The prices of the first three 
models (C30, C60, TA80R) do not include the costs of the gas compressor ($10,000+) or 
the heat recovery units ($15,000+) for cogeneration. Each Ingersoll-Rand unit includes a 
gas compressor and a built-in integral hot water recovery unit. Basic units are configured 
as grid-connected, and stand-alone units cost more. Yearly (8,000 hr) maintenance 
requires simple changes of air and gas filters. Some additional specifications of TA80R 
are listed in Table 3.3. 

Table 3.2. Comparison of microturbines  
(www.globalmicroturbine.com, www.gensets.com/magturbo11.htm). 

Unit Capstone C30 Capstone C60 TA80R Ingersoll-
Rand IR70 

Ingersoll-
Rand IR250 

Output (kW) 30 60 80 70 250 
Fuel 
consump. 
(cf/hr) 

411 804 976 949 2980 

Fuel 
consump. 
(BTU/hr) 

411,000 804,000 976,000 949,000 2,980,000 

Exhaust 
energy 
(BTU/hr) 

310,000 541,000 716,000 689,000 2,170,000 
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Design life 
(hrs) 

50,000 (or 
80,000) 

50,000 (or 
80,000) 80,000 80,000 

Unit Cost $35,500 $55,500 $71,000 $100,000 $300,000 
Cost per unit 
life per kW $0.0173 $0.0167 $0.0143 $0.0125 

Overhaul cost 
at end of life $5,000 $15,000 $15,000 $60,000 

Picture 

H x W x D 
(in) 75 x 28 x 53 82 x 30 x 76 52 x 32 x 110 69 x 42 x 87 126 x 76 x 79 

Weight (lb) 1050 1340 1890 4850 11,700 
Availability/ 
Uptime > 95% > 95% 

Efficiency 
with heat 70 - 90% 70 - 90% 
utilization 

Heated water Max. 30 gpm, 
max. 180 F 

Max. 100 
gpm, max. 

180 F 

Voltage 
output 

400-480 
VAC, 50/60 

Hz 

400-480 
VAC, 50/60 

Hz 

480 VAC, 
50/60 Hz 

Fuel pressure 75-80 psi 5-55 psi 78 < 75 < 200 
Start up 2 minutes 2 minutes 
NOx 
emissions 

<9 ppm at 
15% O2 

<9 ppmV at 
15% O2 

< 25 ppm 

Noise 

65 dBA @ 10 
m (with 
optional 
silencer) 

58 dBA @ 10 
m (with 
optional 
silencer) 

58 dBA @ 10 
m 

58 dBA @ 10 
m 

Maintenance 

Filter change 
@ 8,000 hrs; 
temp. sensor 
& igniter @ 
16,000 hrs 

Filter change 
@ 8,000 hrs; 
temp. sensor 
& igniter @ 
16,000 hrs 

Warranty 1 yr; 8,000 1 yr; 8,000 
service hours hours 
Gas 
compressor & 
heat recovery 
unit 

Optional Optional Optional All inclusive All inclusive 

Note: 1 Therm = 105 BTU, 1 ft3 of gas = 103 BTU 
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Table 3.3. Additional specifications of TA80R (www.gensets.com/magturbo11.htm). 

Item Description 
Standard Equipment 80 kW Gas Turbine 

4 Pole Permanent Magnet Generator 
80 kW Synchronous Output Inverter 
Push Button Start/Stop 
Automatic Voltage Regulation 
24 VDC Stand Alone Start System 
24 VDC Electrical System 
Battery Charger 

Main Stator The Stator is a conventional copper wound design which is oil 
cooled and mounted into a common casing with the turbine and 
compressor assembly. 

Main Rotor The Alternator Rotor is a permanent magnet four pole design 
which is pressed onto the rotor assembly. A carbon fiber sleeve 
is used to retain the rotor magnets. 

Inverter The Inverter rectifies the 2267 Hz AC voltage produced by the 
alternator into 550 - 650 VDC unregulated . It then converts the 
DC voltage into 50Hz or 60 Hz 480 VAC 

Exhaust Gas 550°F, 1410 scfm 
Exhaust Emissions, CO: < 30 ppm, NOx: < 25 ppm 

Natural Gas 
Batteries (qty. 2) 12V min. 850 (CCA) 

Effect of Ambient Temperature on Performance 
Microturbines are rated at the ISO condition (sea level, 15 deg. C). At elevated 
temperature conditions, the power factor, defined as the ratio of the power to the rated 
power, degrades. An example study indicates that the power factor starts to decrease 
when the ambient temperature reaches approximately 30 deg. C (Figure 3.7). The same 
figure shows that the turbine efficiency monotonically decreases with temperature. The 
reduced density of air and that of fuel are the main causes of reduced performance at high 
temperatures [22]. The performance characteristics of Ingersoll-Rand models in regard to 
the change in the ambient air temperature are shown in Figure 3.8 and Figure 3.9. Note 
that during hot summer days, both the maximum power and the efficiency can be 
substantially lower than manufacturer’s specifications. 
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Figure 3.7. Effect of ambient temperature on power factor and efficiency 
(reproduced from Cowie, Liao, & Radermacher (2003)) [23]. 

Figure 3.8. Electric output and efficiency of IR70. 
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Figure 3.9. Electric output and efficiency of IR250. 

Effect of Load Condition on Performance 
The efficiency of a microturbine decreases when the load is less than the design value.  
A study shows that the efficiency ratio (efficiency at lower load divided by the efficiency 
at full load) stays above 0.9 when the load is higher than 50% of the full load, but it 
degrades dramatically when the load drops further. It is important, therefore, to properly 
size the microturbine so that the load factor is always higher than 0.5.  
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Figure 3.10. Effect of part-load condition on efficiency  
(reproduced from Fairchild, Labinov, Zaltash, & Rizy (2001)) [24]. 
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3.3.3 Initial feasibility analysis, production potential, and identification of biomass 
plant operators and waste brokers of biomass fuels. 
Discussed in 2.2.1 Growing, harvesting and transporting biomass to gasification-
fermentation plants being developed by OSU researchers. 

3.3.4 Cost benefit analysis and feasibility of installing geothermal heat pumps in 
all new tribal facilities and housing projects. 
Savings are higher now than ever before with geothermal heat pump systems because  
of the continued increase in efficiency of the units and the very high cost of energy.  
Technology and present economics indicate that even the retrofit systems into existing 
buildings are very favorable. In addition, the high potential of CPN having, owning, and 
operating a geothermal heat pump business would provide a basis for saving even more 
on costs and also provideg tribe members with jobs.  With technology, equipment and 
personnel available and training to show the tremendous options CPN has because of 
their natural resources, there would be no reason not to become actively involved in 
installing systems that can save from 20 to 50 percent in cost. 

A business plan is presented in this report to develop a CPN geothermal heat pump 
business.  Included are requirements to accomplish the plan. 

3.3.5 Feasibility of creating a geothermal tribal enterprise. 
See New CPN Business Development discussion in 2.1.4 Geothermal heat pump business 
models. 

3.3.6 Research involvement in Freedom CAR, Fuel Initiative, and Presidents’ 
Hydrogen Fuel Initiative. 
Conclusions 
Hydrogen technologies offer no viable near-term economic opportunities for the Citizen 
Potawatomi Nation. The technologies need substantial changes to become economically 
competitive.  Such changes will make current technologies obsolete. 

Discussion 
President Bush proposed a $1.2 billion Hydrogen Fuel Initiative during his 2003 State  
of the Union address.  The initiative’s goal is the development of cost-effective hydrogen 
fuel technology as a power source for vehicles, homes, and businesses.  Anticipated 
benefits are reversing our growing dependence on foreign fossil fuels and using a clean 
energy source.  The initiative encourages joint research projects among government and 
private groups.   

The National Research Council appointed a committee [25] of scientists and engineers  
to assess the current and potential technologies that may lead to a “hydrogen economy.”  
The name of the committee is Committee on Alternatives and Strategies for Future 
Hydrogen Production and Use. 

This committee identified many technical problems, which need to be solved before the 
development of the “hydrogen economy.”  Significant cost reductions in fuel cells are 
required in addition to cost-effective methods to produce hydrogen.  The committee 
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anticipates a long transition period during which fuel cells in vehicles will not be 
economically competitive with conventional vehicles.  The transition period may cover 
decades and require large amounts of investment.  Thus near term opportunities for the 
Citizen Potawatomi Nation are very limited for hydrogen technology. 

3.3.7 Analyze manufacturing and production technologies in the areas of 
hydrogen/fuel cells, natural gas and propane distribution. 
Hydrogen/Fuel Cell Resources 
Conclusions 
If the initial cost of fuel cell systems continues to decrease in the future, they may 
warrant further study.  Currently, the cost of electricity from fuel cells is substantially 
greater than electricity from utilities.  The efficiency of a fuel cell system increases 
substantially if the generated heat is also used.  A ground-source heat pump should  
be a good partner to take advantage of the generated heat. 

Discussion 
A fuel cell is generally defined as an electrochemical device that converts a supplied fuel 
to electricity and heat [26].  William Grove was the first to demonstrate a fuel cell in 
1839. His hydrogen fuel cell produced a small electrical current by combining hydrogen 
and water to form water.  The process is the reverse of electrolysis of water, in which a 
supplied electric current separates water into hydrogen and oxygen.  NASA has used fuel 
cells for decades in their space program.  During the last few decades research efforts 
have produced many different types of fuel cells [26].  The emphasis in this report is  
on light commercial and residential use of fuel cells to produce electricity, which is 
consistent with the needs of the Citizen Potawatomi Nation. 

The major disadvantage of fuel cells has always been cost, which remains high relative

to conventional utility costs for electricity.  Still, the cost has dropped considerably in the 

last few decades.  Currently, some demonstration projects for home use are underway.  In

particular, Delta-Montrose Electric Association [27, 28] has set up demonstration projects 

in western Colorado for some homeowners in rural areas, where the cost of running

utility lines is significant. In this approach the electric utility’s traditional customer

generates electricity at their site.   


The advantages of fuel cells include simplicity, low emissions, and low-noise level.   

Fuel cells have few if any moving parts, which leads to simple and potentially reliable

systems.  The main fuel cell reaction produces water, but the process of producing

hydrogen from an available fuel (such as natural gas or propane) generates emissions  

of CO2. Thus, the fuel cell system is not completely emission free.  Fuel cells are very

quiet, which is an important advantage for local power generation at homes.  


The block drawing of a fuel cell system in Figure 3.11 includes several components.  

The fuel reformer extracts hydrogen from fuel such as natural gas, propane, methanol, 

ethanol, or some other fuel containing hydrogen.  This hydrogen goes into a fuel cell

stack along with air as an oxygen supply. The hydrogen and oxygen are combined in the 

fuel cell stack with electricity, water and heat as products.  The generated direct current 
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(DC) electric power must be converted to AC power for use in the building.  An electric 
power conditioner does the conversion. 

Figure 3.11.  Diagram of fuel cell system. 

Demonstration projects set up by Delta-Montrose Electric Association [27, 28] use fuel 
cell systems about the size of a 4-foot by 4-foot storage shed.  The system contains all the 
components to convert natural gas or propane to electricity.  The fuel cells use a polymer 
exchange membrane (PEM) technology [26].   

Bony [28] gives some cost estimates for electric power for residential systems in 
Table 3.4. Because the initial cost of the fuel cell system is an important component  
and changing, Bony gives two different values.  For the lower initial cost, the fuel 
cell produces electricity at $0.277 / kWh, which is still well above current utility cost.   
If the residence is at a location without electric lines, Bony argues the actual utility cost 
becomes higher. 

Table 3.4. Cost of electricity from fuel cell system (Bony, 2004). 

Fuel Cell 
1st Cost 

DMEA 
$/kWh 

(800 kWh) 

Fuel Cell 
$/kWh 

(800 kWh) 

Fuel Cell 
$/kWh 

(1,200 kWh) 

California 
$/kWh 

Pre-Summer 
$17,000 $.081 $.427 $.326 $.12-.20 
$ 8,500 $.277 $.226 

Utilizing the heat produced by the fuel cell is essential in order to obtain high energy 
efficiency.  For this reason studies are underway for combined heat and power usage in 
buildings [28 – 30].  The fuel cell is approximately 30% efficient in the conversion of 
energy to electricity. If the generated heat is also effectively used, the energy efficiency 
can jump to 70 %. 
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Fuel cells run continuously as long as the reactants (hydrogen and oxygen) are supplied 
to the cells.  Unfortunately, the demands for heat in a residence do not match the time 
for electrical loads.  For instance, in the middle of a night in winter, the residence has 
minimal electrical needs, but the need for heat is at its peak.  Thus, some thermal storage 
medium is required to take full advantage of the discharged heat.  Bony [27, 28] claims 
the earth is a suitable storage medium, and ground-source heat pumps are a good partner 
for fuel cells. 

3.3.8 Develop action plan into CPN strategic energy plan. 

3.4 Objective Four 

3.4.1 Analyze feasibility of creating a tribal utility. 
The most critical element to be determined before any action is taken should be if there  
is a supply of low cost fuel available for power generation. Coal, hydropower, natural 
gas, and nuclear are the primary non-renewables, while wind, biomass, and photo voltaics 
are the renewable forms.  The following Table 3.5 of electric energy costs puts things 
into perspective: 

Table 3.5. Costs of electricity with and without external costs 
New generation in cents/kWh 

Worldwatch: State of the World 2003. 

Electricity Source Generating Costs External Costs Total Costs 

hydropower 2.4 – 7.7 0-1 2.4-8.7 
wind 4.0-6.0 0.05-0.25 4.05-6.25 
natural gas 3.4-5.0 1-4 4.4-9.0 
coal/lignite 4.3-4.8 2-15 6.3-19.9 
biomass 7-9 1-3 8-12 
nuclear 10-14 0.2-0.7 10.2-14.7 
photovoltaics 25-50 0.6 25.6-50.6 

Note:  The price of natural gas went from $2-3/MMBtu in 2002 to $5-6/MMBtu in 2004.  
The current price is $6.60/MMBtu. 

Non-Renewable Energy 
First, the non-renewable sources are led by coal which for all its problems is a funda
mental and abundant fuel in the US.  Coal is unavailable at the site without significant 
infrastructure and environmental issues that would have to be overcome.  Natural gas 
prices are high and extremely volatile and have doubled in the last five years.  Nuclear 
will come at a later time. 

Renewable Energy 
Almost all of the renewable energy options require a backup/supporting (during periods 
of no wind or sunlight) technology that brings with it peaking power costs. Special niche 
markets for PV arrays (remote access, etc.) will continue to exist and with strong tribal 
support can add to the energy sources and support a spirit of tribal independence.  

58 




Hydropower is not available at the site but may be available from GRDA. Bio-mass, 
when coupled with other economic opportunities (waste disposal from feedlots, chicken 
manure, etc.), can be cost justified if sufficient quantities are available. In most cases, 
considerable government incentives will be required to bring renewable energy to its 
potential. 

3.4.2 Microturbines. 
Major factors that determine the feasibility of utilizing microturbines include load 
variation, peak time usage of electricity, waste gas, water heating or other use of hot 
exhaust gas, and tax credit. Detailed feasibility analyses can be done by companies that 
sell and install microturbines. For example, Global Energy (608-238-6001) offers a 
microturbine feasibility study at $5000 for single installation or at $10,000 for multiple 
installations. Their feasibility study includes the evaluation of natural gas and electrical 
usage history, calculation of thermal loads and sizing the microturbine as a "peak-
shaving" or "primary" power producer, system optimization and process integration,  
and estimation of initial and operational costs along with potential savings. 

3.4.3 Determine the feasibility to purchase or generate electricity for distribution. 
The Stillwater, Oklahoma municipal electric utility, serving a residential population of 
approximately 41,320, had gross annual revenues of $30,000,000. They turned a profit  
of $5,000,000, paid $3,500,000 in wages, and were using their peaking units to supply 
peak/backup power back to their supplier.  Key to their success was their low-cost, long-
term electric power contracts.  The major power supplier is GRDA (hydropower), which 
the City of Stillwater paid between 13 and 14 million dollars for electric power. 

During the summer of 2004, the Stillwater, Oklahoma electric power generation units  
did not operate. They were on standby and leased to the GRDA. 

See Appendix 6.6 for an example of a small municipal power plant and operation. 

3.4.4 Analysis of selling generated power. 
Unless a low cost fuel is available to the site for generating purposes, the CPN should 
take an alternate route.  A goal would be to secure a low cost base source and provide 
peaking power units to reduce demand charges. 

3.4.5 Action plan. 
• 	 Seek a low cost power contract for base load service. 
• 	 Evaluate the economics of purchasing diesel engine powered generator sets for 

known peaking loads (such as the casino) to reduce demand charges and recover  
costs of generator sets. 

• 	 Install water source heat pumps (closed loop, groundwater, etc.) to reduce demand. 
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4. Conclusions 

The consulting team took very seriously the work and National Perspective as presented 
by Roger Taylor at the Oklahoma Tribal Energy Summit in Oklahoma City June 27-28, 
2004. The approach taken was to evaluate the options available and recommend 
economically viable approaches to the CPN administration that are embedded in the 
options. The following table summarizes the conclusions: 

Renewable Technology Comments 
Solar 
• Resource Assessment 
• Solar Electric – PV 
• Solar Thermal - Heat 

• Maps are available showing good resources at CPN 
location 

• Costs are high except for remote locations  
• Costs are high compared to waste heat and geothermal 

heat pumps 
Wind 
• Resource Assessment 
• Technology 

Development 

• Under study at CPN – not encouraging 
• Well developed in State with growing interest and 

participation by CPN 
Biomass 
• Resource Assessment 
• Technology Overview 

• Activity at OSU.  Pilot plants being studied and 
possible locations identified 

• Strong support at OSU and Federal level 
Geothermal 
• Resource Assessment 
• Power 
• Low Temperature – 

Heat 
• Heat Pumps 

• Resource maps are available and applications exist 
around the State/Nation 

• Insufficient resources at CPN location for Geothermal 
Electric Power generation 

• Marginal at best.  Have not been considered 
• High priority with major efficiency and peak demand 

improvements for CPN 
Hydropower Not available on the CPN site(s) 
Efficiency 
• Building Design 
• State Weatherization 
• Appliances 

• Technology is well know to the technical staff at CPN 
• In-place 
• High efficient lighting has a high ROI and lowers 

cooling loads  
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Concluding Remarks Regarding GSHP 

Implementation of a GSHP program reduces the number of challenges faced by the  
CPN when compared with other renewable energy technologies.  For example: 

• Tribal Human and Financial Resource Development 
Volatility of fuel prices seek actions that support technology that is within the tribal 
human and financial resources of the CPN.  The ground source heat pump technology 
clearly meets these requirements with job development and energy reductions.  
Businesses that are unable to control energy costs will be at a disadvantage. New 
business opportunities that employee tribal members that have contributions to energy 
control will be a premium. 

• Tribal Renewable Resource Quantification 
Geothermal heat pumps have a non-exhaustible supply of solar energy in the earths 
surface.  Other renewables such as wind, surface solar are intermittent, have a higher 
first cost, require backup or storage and higher maintenance costs. 

• Private Investment versus Private Developer Regulations 
CPN tribal investment is sufficient for GSHPs.  Leasing arrangements are an option  
but should be carefully evaluated. 

• Tribal Utility Policies and Tribal Utility Formation 
Not required for GSHPs 
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Appendix I. GHP Planning Guide 

Benefits of Energy Resource/Source Management (RSM) Planning  

RSM Planning adds the following benefits for energy resource/source management: 

• 	 One view/window for strategic plan development at the broad level and 

maintenance, over the long term, of all strategic plans 


• 	 One view/window for retrieval of strategic information and direction 
• 	 A more comprehensive, streamlined approach to broad-level planning 
• 	 A planning area in which greater flexibility is afforded economic development 

activities by allocating diversity management targets within and between broad-
level units if the economic and environmental outcome is as good or better than 
following a single broad-level unit (e.g. coupling a fuel cell system with a 
geothermal heat pump system) 

• 	 Strategic planning areas designed to foster planning partnerships with the private 
sector and other interests 

• 	 Provides for an expedited process for development proposals 
• 	 Fosters economic development while maintaining and supplying support for a 

healthy environment 
• 	 An opportunity to align strategic planning, operational planning, data and 

information systems, resource/source administration and holding tenure (see 
definition below) along compatible boundaries 

SRSM Planning Area Information Inputs 
• 	 Resource/source use (Application of the energy production or conservation) 
• 	 Resource/source location (The physical location of the energy resource/source) 
• 	 Resource/source tenure (The act, fact, or condition of holding something in one's 

possession and in a time frame of doing so) 
• 	 Habitat (The place where a person or thing is most likely to be found) 
• 	 Resource/source characteristics (The features that distinguish the energy


resource/source, and its relation to the available supply or production) 

• 	 Resource/source sensitivities (The quality or condition of being sensitive to rate 

and duration of usage, efficiency, environment, durability, cost of power produced 
or consumed, cost of operation, flexibility, time and development, availability, 
operation variables and markets) 

• 	 Organization/Education/Training (What type of organization is required to 
provide benefit from the resource/source, and what level of education and training 
is required to accomplish the goals) 

Planning Information (GHP Systems Example) 

Resource or Source: Geothermal Heat Pump System (GHP Systems) 
Generate/supply: Heating, Cooling and Hot Water Production 
Prime Energy Source(s): Electricity and Earth Solar Energy 
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Operation Characteristics: Transfer heat from one location to another through the 
assistance of water pumps and or air handlers, compression of a refrigerant, and heat 
exchangers.  The earth, a pond, lake or river absorbs or supplies heat while the target area 
is cooled or heated respectively. 
Resource/Source Use: Applications of GHP systems range from residential to 
commercial and industrial.  From space cooling and heating and hot water heating in each 
of the stated areas to such things as cat fish farming, alligator farming, greenhouse 
control, deice bridges, etc. 
Resource/Source Location: The total GHP system extends from inside the building to 
outside. The heat pump unit is normally inside the building in a climate that increases its 
operating efficiency and the life of the unit and protection from damage.  The part of the 
system outside the building is buried and connects to the media that exchanges heat with 
the unit. The size of the outdoor space is dictated by the load requirements. 
Resource/Source Tenure:  The buried portion of the system has warranties up to 50 
years on the material and it is expected to last many years beyond that.  Since the joining 
of the pipe is stronger than the pipe itself, then the buried system has long life.  Expected 
life of the indoor system is in excess of 20 years. 
Habitat: People, plants and animals are often those who directly benefit from being in 
the enclosure that is heated or cooled by GHP systems.  Trees, plants and animals are 
often in the vicinity of the buried heat exchangers but rarely does one have an effect upon 
the other. 
Resource/Source Characteristics: GHP systems are known to be one of the most 
efficient HVAC systems because of the renewable energy contribution from the ground 
source (or water source), which results in getting more energy out than what is put into 
the system.  These systems are capable of serving from small residences to very large 
systems (The Oklahoma State Capital has one installed) and doing it with relatively 
simple controls.  The compressor, pumps and air handlers are powered by electricity.   
When on an electrical grid the unit will reduce peak loads to the power plant.  The GHP 
units can also be run on other electric generating systems, such as microturbines, wind 
generators, fuel cells, photovoltaic and by systems fueled by biomass and geothermal (hot 
rocks). 

Relation to available supply or production: This source of heating and cooling is 
maintained as long as there is a source of electricity for operation.  The system is often 
designed to cycle on and off on a run time fraction of 50% which will maintain the 
desired comfort level.     
Resource/Source Sensitivities:  A focus is maintained on the quality or condition of 
being sensitive to rate and duration of key parameters.  These parameters help identify 
the variables that characterize the viability of the resource/source. 

Usage 
GHP systems are designed to operate within a set temperature band and on call to 
reach that day or night and in all seasons.  The system will operate continuously, 
rather than cycling, if the loop design is incorrect.  Also, if the heat pump unit is 
too large for the application then the system will cycle too frequently.  Properly 
designed and installed it will operate within the design parameters for many years 
(some well over 20 years). 
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Efficiency 
Both the Doe and EPA have rated GHP systems as the HVAC system having the 
highest efficiency.  This applies in northern or southern climates from the east 
coast to the west coast. 

Environment 
GHP systems are environmentally friendly for several reasons.  It has a portion of 
the energy source from the earth, a renewable energy from the sun.  Efficiency 
being high and it being coupled with the renewable energy source reduces the 
amount of electricity required and this reduces the green house gas production.  
Environmental esthetics is improved because the loop side is out of sight and the 
heat pump unit is inside the building. It is quite in operation which means noise 
pollution is not a problem. 

Durability 
The HDPE pipe that is used for the underground portion of the system came from 
the ground and is back in its original habitat.  It is very durable and has up to 50 
years warranty to show the confidence in the material durability.  The heat pump 
unit is similar to a refrigerator in operation and they both have long life. 

Cost of power produced or consumed 
The GHP system produces cooling and heating energy and it consumes energy to 
accomplish the task. Cost of power is reduced from competitive systems by a savings 
of 20% up to 50% depending upon the system it is compared to. 

Cost of operation 
Significant savings in operational costs are realized in GHP systems because of 
the low maintenance costs.  Documentation shows that the maintenance costs are 
lower than any other HVAC system.  These systems have been known, in many 
cases, to operate for years with just filter changes.  Of course, the high efficiency 
reduces the power required and that transfers to lower costs of operation. 

Flexibility 
Great flexibility is associated with GHP systems.  The size and configuration of the 
units allows installation to be in many locations to best suit the owner.  The medium 
to do cooling and heating can be with air or with water (radiant heating and cooling) 
or a combination. The source side energy exchange can be loops in the ground, either 
vertical or horizontal, in bodies of water or other sources that have sources to 
exchange heat with or it can be a combination of these, called a hybrid system. 

Time and Development 
GHP systems have maturity so sensitivity to time is basically that which is 
required to design and install units using proven methods.  Development of 
systems will continue in hybrid systems, design improvements and software 
programs, and in installation methods. 

Availability 
All the components required to install GHP systems are currently available.  
There are established manufactures of heat pump units, circulators, pipe, fittings, 
and other such components.  Also there are manufactures of trenchers, vertical 
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and horizontal drilling equipment, pipe fusion equipment, grouting and purging 
equipment. Design tools and installation techniques are available along with 
designers and installers. 

Operation variables  
Operation variables include the envelope of the building, the climate and/or internal 
loading, capacity of the units, type of soil or rock, geographical location of the system 
and combination of energy sources for the units. 

Markets 
Increases in the application of these units are taking place in residential, commercial, 
educational and industrial settings.  Schools are one of the leading applications 
because of the savings realized and competitive first cost comparisons.  With the 
many opportunities, it appears that applications are just limited by the designer’s 
ingenuity. 

Organization/Education/Training: Requirements to make the systems viable are to 
have designers, installers and service personnel.  IGSHPA has training and materials 
available for designers and installers.   

Resource/Source Value: Conserve energy and reduce cost - Residential 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Conserve energy and reduce cost - Commercial 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business-Residential GHP Installation 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business-Commercial GHP Installation 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business-GHP Horizontal and Vertical Boring 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business-GHP System Purging 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business-GHP Borehole Grouting 
Desired Future Condition:  
Objectives: 
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Resource/Source Value: Potential Business-Pond Loop Specialists 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business- GHP Hybrid System Specialists 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business- GHP/Refrigeration Heat Rejection for Car 
Wash 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business- GHP/Refrigeration Heat Rejection for 
Controlled Fish Farms 
Desired Future Condition:  
Objectives: 

Resource/Source Value: Potential Business- GHP/Refrigeration Heat Rejection for 
Controlled Greenhouses 
Desired Future Condition:  
Objectives: 
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® 

InterClean 
Equipment, Inc. 
® 

InterClean Equipment, Inc. 
2 InterClean Equipment, Inc. 

From design to installation... 

THE WASH THAT 
WORKS! 
TOUCHLESS VEHICLE WASH SYSTEM


InterClean Equipment, Inc., established in 
1985, is an Ann Arbor based engineering 
and manufacturing company specializing in 
heavy-duty car, bus, truck and train wash 
systems. InterClean is recognized as the 
world leader in touchless vehicle wash and 
water recycling engineering. 
InterClean is an equipment manufacturer 
that understands the intricacies of vehicle 
cleaning and the art of effectively recycling 
wash water. This enables us to provide a 
standard range of systems to fit specific 
cleaning applications. InterClean uses the 
most cost-effective approach in engineering 
systems to handle vehicle cleaning problems. 
AutoCAD 3-D solid modeling is used to 
construct all of the engineering, fabrication 
and facility layout drawings. Letter or C-size 
printouts and plot files are available for 
architects. Custom designed equipment 
packages can be placed into architectural 
drawings in either 2-D or 3-D views. 
Engineering drawings can be delivered 
electronically or by hard copy. 

F Power Venturi Assisted Zero Degree Nozzles 
F Hydrodynamic Rotational Speed Control 
F Rotational Speed Range 60-200 RPM 
F Mechanical High Pressure Seal 
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3 
CITY VEHICLE, MUNICIPAL GARAGES 

COUNTY GARAGES, HIGHWAY DEPARTMENTS 
4 InterClean Equipment, Inc. 
5 
WASTER HAULERS, SNOW PLOWS, SALT
TRUCKS 

F 1" NPT Connection 
F 270-330 psi Operational Pressure Range 
® 
InterClean Equipment, Inc. 
Phone: 734-975-2967 or 800-468-3725 (USA and Canada) 
Fax: 734-975-1646 
E-mail: sales@mail.interclean.com 
or techsupport@mail.interclean.com 
Website address: www.interclean.com The patented CENTRI*SPINNER® is approved for both fresh and recycled 
water applications. Please contact InterClean for system performance 
approval before using with recycled water applications not engineered and 
supplied by InterClean. 
InterClean Equipment, 
Inc. is the world leader in 
designing automated 
cleaning solutions for 
waste and garbage 
trucks. InterClean is the 
only Company in the 
world that specializes in 
this field. Hundreds of 
installations worldwide 
have established the 
InterClean method as the 
only practical way to 
clean these vehicles. 

InterClean’s innovation and customer satisfaction 
is unrivaled in the vehicle wash industry. 
Centri*Spinner systems have proven to be 
unequalled, not only in cleaning performance, 
but also in reliability and safety. For example, 
InterClean is the only company in the world to 
successfully utilize water recycling in the automatic 
washing of waste trucks. 

InterClean has not only met the challenge of 
getting all vehicles clean, but has also made it 
possible to maintain that cleanliness on a daily 
basis . The Centri*Spinner System can clean 
any city vehicle in less than 60 seconds. Both 
snow plows and automobiles can be cleaned 
in the same wash system. Dramatically 
reduced corrosion, improved accessibility to 
the maintenance areas of the vehicle, and 
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MUNICIPAL LANDFILLS, QUARRIES 
6 InterClean Equipment, Inc. 

7 
WHEEL AND CHASSIS WASH 
OPEN PIT MINES, CONSTRUCTION EQUIPMENT 
8 InterClean Equipment, Inc. 

MANUFACTURING FACILITIES 

9 
OVER-SIZED VEHICLES 

improved general appearance are direct 
advantages of using a Centri*Spinner Wash 
System. 
InterClean is the only engineering company in the 
world that can effectively provide custom solutions 
for wheel and chassis environmental drag-out problems. 
InterClean has successfully solved this problem 
with installations at landfills, power plants, mining 
operations, steel mills and military sites all over 
the world. Standard InterClean components are utilized 
to make these systems economical and 
reliable. 

A successful, engineered solution to 
wheel and chassis washing demands a 
balanced integration of intense cleaning 
power, reliable water recycling, and convenient 
and economical accumulated dirt 
removal. Each application is unique, and 
InterClean engineers carefully evaluate 
these factors when recommending a 
washing solution. 

Regular use of InterClean wheel and chassis 
wash systems keep the lower details clean on 
all heavy equipment - even under extreme dirt 
conditions. InterClean chassis wash systems 
all over the world have become the mechanic’s 
most effective tool in dramatically reducing the 
time required to prepare heavy vehicles for 
maintenance and repairs. In most applications, 
this preparation time is reduced from several 
hours down to a few minutes. 

Truck and heavy equipment manufacturers use InterClean systems 
at the end of their assembly lines for washing the finished 
vehicles as they leave the line. Similarly, these systems are used 
to wash road graders after completing their test drives. Like all 
InterClean systems, these are totally unmanned and automatic. 

InterClean is unique in the world in being able to apply 
automatic cleaning technology to wash these 40-400 ton 
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10 InterClean Equipment, Inc. 

11 
EXTREME CLEANING APPLICATIONS 

12 InterClean Equipment, Inc. 
AUTOMATIC MILITARY TANK WASH

13 
MILITARY CLEANING APPLICATIONS 
14 InterClean Equipment, Inc. 
TOUCHLESS SCHOOL BUS WASH 

15 
FRESH WATER OR RECYCLED WATER 
16 InterClean Equipment, Inc. 
PUBLIC TRANSIT AUTHORITIES 

trucks. To achieve the required cleaning levels for these 
vehicles, multiple units of standard production modules 
are designed to operate in parallel. 

Standard InterClean components can also be utilized to clean 
concrete-like build-up on these lime quarry vehicles. In these 
applications InterClean technology often replaces mechanical 
cutting and jack-hammers as well as potentially dangerous 
ultra-high pressure (10,000 – 20,000 PSI) systems. 

InterClean designed and built this robotic tank wash system for 
the US Military. This system is the largest and most sophisticated 
vehicular wash installation ever designed and installed. 
Virtual prototyping software (ADAMS) was utilized in designing 
this system for predicting the dynamic behavior of a robotic 
gantry, also in load predictions and sizing of components and 
motors as well as in analyzing acceleration/deceleration forces. 

This wash system incorporates an integrated laser guided vehicle 
recognition and control system. The contours of the tank are measured 
by lasers which guide the robotic high pressure arms to follow 
the outline of the tanks with precision. Even the difficult-to-reach 
areas behind the depleted uranium armor plates are washed. 

InterClean has replaced automatic brush wash systems 
at school bus garages throughout the USA. Unlike rotating 
brushes, the Centri*Spinner system will never damage 
cross-over mirrors, safety side signs or rear light covers. 
The standard InterClean school bus wash system 
can easily handle 40 buses in an hour. 
Dramatically reduced chassis and side 
panel corrosion, as well as greater maintenance 
accessibility through clean under 
carriages, are achieved through the regular 
use of the Centri*Spinner school bus wash 
system. As with all InterClean systems, 
they are virtually maintenance free. 
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17 
LARGE BUS COMPANIES 

18 InterClean Equipment, Inc. 
LIGHT RAIL AND SUBWAYS 

19 
THIRD RAIL OR CANTILEVER 

20 InterClean Equipment, Inc. 
DIESEL LOCOMOTIVE 

Milwaukee County Transit 

was the first major public 

transit company to select 

maintenance free, touchless 

bus washing in all of their 

garages. The use of touchless 

bus washing systems at 

transit garages eliminates

physical damage and paint 

finish wear to the buses. 


InterClean’s philosophy of keeping all vehicles

clean all the time has already been implemented 

by most transit garages. InterClean systems 

just make it simpler, easier, and are known for

their virtually maintenance free operation. 


The introduction of InterClean’s innovative light 

rail wash systems has set new standards for

wash performance in this industry. Unmatched

cleaning power combined with operational simplicity

has put train washing at a new level in

both electrified (third rail and cantilever) and 

diesel powered passenger rail systems. 


This new generation of

InterClean train wash systems 

have been installed 

throughout the world. 

InterClean is able to provide 

extremely cost-effective train 

wash systems primarily

through the utilization of

standard components.


At InterClean we stand alone in our willingness to

tackle the difficult issues related to washing locomotives. 

More than ten years after the installation 

of the first Centri*Spinner Locomotive wash system, 

InterClean’s engineers have continued to successfully
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21 
FRESH WATER OR RECYCLED WATER 
22 InterClean Equipment, Inc. 
LARGE TRUCK FLEETS 

23 
TRUCKING COMPANIES 
24 InterClean Equipment, Inc. 
COMMERCIAL TRUCK WASH 

25 
COMMERCIAL TRUCK WASH 

26 InterClean Equipment, Inc. 
COMMERCIAL TRUCK WASH 

design locomotive wash systems with 
unrivaled performance and reliability. 
InterClean locomotive wash systems have been successfully used in a variety 
of different applications and climates from the iron mines of Australia to 
Northern Canada. The Centri*Spinner is the most effective piece of equipment 
ever designed for diesel locomotive washing. Understandably, many suppliers 
seeking to enter the locomotive wash market have tried to copy InterClean’s 
cleaning technology and design but as of yet, none have been successful. 

The largest trucking companies in the world 
regularly use InterClean systems to successfully 
wash their fleets. All these systems are 
unattended, automated and require no detailing. 
Several of these InterClean systems 
exceed 7,000 washes monthly, with practically 
no maintenance being required. 
InterClean systems do not use, nor have they 
ever used, deadly hydrofluoric acids in cleaning. 
Still they outperform other truck wash systems 
on the market. Unlike most other truck 
wash systems, the Centri Spinner System 
from InteClean requires no manual labor to 
detail the tractor before washing. 

Fully automated commercial truck wash systems designed 
by InterClean, can produce over 30 clean trucks per hour 
with only one employee. The InterClean system will typically 
eliminate as much as two hours of waiting for truckers 
to get their rigs washed. 

InterClean automatic commercial truck washes are usually 
located throughout the country in the vicinity of high volume 
truck stops. All components utilized in these high volume 
truck washes are virtually identical to the components 
found in standard production systems. 

InterClean is unique in its ability to design and produce fully 
automated commercial truck wash systems. It is the only 
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27 
COMMERCIAL TRUCK WASH 

28 InterClean Equipment, Inc. 
COMMERCIAL CAR WASH

29 
TOUCHLESS CAR/VAN WASH 
30 InterClean Equipment, Inc. 
AUTOMOTIVE ASSEMBLY WASH SYSTEMS 

company to have installed such systems in the Americas, 
Europe, Asia, Australia and Africa. 

InterClean commercial truck washes can wash 
all vehicles that cannot be washed by conventional 
commercial car washes. The latest 
InterClean design allows the system to operate 
continuously using recycled water - even while 
the settling pits are being emptied and cleaned. 

The unmatched performance of the 
Centri*Spinner touchless car wash 
design has made it the best solution 
for all conveyer or drive-through 
locations. It combines the highest 
reliability and the lowest maintenance 
of any system on the market 
today. InterClean takes the car wash 
industry a step further with it’s revolutionary 
water recycling concept 
enabling it to reuse 90% of the water. 
InterClean’s car wash systems do not require factory 
engineers to install or service them. Most components 
can be purchased through a local supplier. The 
Centri*Spinner car wash can be easily adapted to wash 
up to 200 cars per hour in a hybrid system or can be 
used simply to eliminate any and all prep work. 

InterClean has been commissioned several times 
by the automotive industry to design systems to 
clean vehicle bodies prior to phosphatizing. These 
systems have a nearly flawless operational track 
record and have resulted in significant savings and 
quality improvements. Automotive industry standards 
are amongst the most rigorous yet standard 
InterClean components are used in these applications. 
InterClean is the world 
leader in water recycling 
technology for vehicle wash 
applications. Modular, standardized 
systems are used 
in all designs. All wear and 
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31 
WATER RECYCLING SYSTEM

tear components with the 
exception of the high pressure 
pump, are available 
locally. When used in an 
existing application, an 
InterClean module requires 
only electrical service and a 
control wire to be brought to 
the panel. All components 
are pre-wired and preplumbed. 

The heart of the InterClean system is 
the patented anti-turbulent recycling 
and high pressure equipment module. 
The same module is used for all 
InterClean applications, from automated 
military tank washing to manual 
hand gun applications. 
Each module is capable of producing 
up to 300 GPM recycled water continuously. 
The system is designed to recycle 
and aerate the wash water automatically, 
without changing filters or manual 
supervision. 
The InterClean module facilitates the 
inexpensive and reliable use of high 
volumes of recycled wash water. The 
system is capable of operating under 
the most demanding vehicle wash conditions 
such as recycling water used to 
wash garbage trucks. The system uses 
no chemicals or additives and is totally 
environmentally sound. 
By using this effective yet inexpensive 
recycling system, InterClean Equipment 
is able to employ the full force of huge 
volumes of pressurized wash water, 
which create a cleaning impact that is 
simply not possible with other automatic 
vehicle washing systems. 
To achieve recycled water volumes in 
excess of 300 gpm (1,250 l/m), multiple 
modules can be utilized in parallel. The 
1200 gpm (5000 l/m), necessary in washing 
military tanks, is achieved by the use 
of four parallel InterClean modules. 
The module is pre-wired, pre-plumbed and 
mounted on a skid. The overall dimensions of the 
unit are such that it can be shipped in standard 
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InterClean Equipment, Inc. 
ANTI-TURBULENT RECYCLE MODULE 

road trailers, or in high cube 40 feet ocean freight 
containers. 
The system has its own electrical panel, which 
includes a slave PLC that controls all system internal 
functions, such as liquid level monitoring and 
adjustments. The system allows modem hook-up 
for remote control and trouble shooting. 

Dimensions: 60" (150 cm) wide, 60" (150 cm) long, 102" (260 cm) high 
Recycling capacity: 300 gpm (1250 l/m) continuously 
High pressure capacity: 50 - 300 gpm (200-1250 l/m) continuously 
InterClean Equipment, Inc. 
Phone: 734-975-2967 or 800-468-3725 (USA and Canada) 
Fax: 734-975-1646 
E-mail: sales@mail.interclean.com 
or techsupport@mail.interclean.com 
Website address: www.interclean.com 
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Chula Vista 
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Appendix 6.4 

Car Wash 
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TOUCHLESS PUBLIC WORKS VEHICLE WASH

TECHNICAL SPECIFICATIONS


GENERAL 

The general provisions of the Contract, including General and 
Supplementary Conditions apply to the work specified in this 
contract. 

RELATED WORK 
Site work 
Concrete 
Mechanical 
Electrical 

QUALITY ASSURANCE 
The system shall be produced by a manufacturer of established 
reputation with a minimum of five (5) years experience 
supplying specified equipment in similar applications. 
Installation: Provide a qualified manufacturer's 
representative to supervise work related to equipment 
installation, check out and startup. 
Training: Provide technical representative to train Owner's 
maintenance personnel in operation and maintenance of 
specified equipment. 

SUBMITTALS 
Product Data 
Submit Product Data in strict accordance with requirements of 
these specifications. 
Submittal engineering drawings must have the Floor Plan 
Views and the Isometric Views with bill of materials separately 
for the following: 

Equipment general layout 
Electrical layout 
Mechanical layout 
Any related in-ground electrical or mechanical installation 
Provide UL listing card or equivalent document of Nationally 
Recognized Testing Laboratories from the company building the 
electrical panel(s)  and attach with the electrical drawings indicating 

A-43 




that the electrical panels will be built to the required standards (see 

section 11.10 Electric Control Panel).

Provide the Owner with the Sepias for all as-built drawings


Restrict submitted material to pertinent data. For instance, do 
not include manufacturer's complete catalog when pertinent 
information is contained on a single page. 
Operation and Maintenance Manual 

Assemble and provide copies of manual in 8.5 x 11 inch format.  Fold 
out diagrams and illustrations are acceptable.  Manuals to be 
reproducible by dry copy method. 

Deviations From These Specifications 
No deviations from these specifications will be allowed unless 
approved by the owner in writing prior to bid closing.  All 
equipment and equipment functions must be built and 
designed to these specifications. 
Regardless of the owner's approval for any deviations and/or 
changes, the supplier is solely responsible for the performance 
of the supplied equipment as per these specifications. 
Supplier's Qualifications 
The equipment specified herein is based on the system model 
CENTRI*SPINNER as supplied by InterClean Equipment, 
Inc. (800-468-3725) or engineer approved equal. 
The wash system, high pressure cleaning systems, pumping 
stations and all electrical controls shall be designed and 
supplied by one supplier. 
Supplier shall have been regularly engaged in the design and 
supply of the type of equipment specified herein, for a period 
of not less than five years.  All similar items shall be the 
products of one manufacturer. The equipment offered shall be 
the latest standard product, modified as necessary to meet the 
requirements of the specification, of a type that has been 
commercially available and in satisfactory use for at least five 
years. 
All bidders shall submit with the bid package the following 
information for an approved equal status: 
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A complete list of spinner and touchless heavy duty vehicle wash 
system installations made by the bidder. This list shall include all such 
touchless vehicle wash installations made the bidder in the last five 
(5) years including the duration of the service and application.  Should 
the reference list have more than 25 names, a list of last 25 
installations shall suffice. 
Provide name of contact person at each location who is familiar with 
the operation and maintenance of the wash system. 
Based on the information supplied and discussions with contact 
persons named, the engineer will determine the acceptability of the 
proposed supplier and the equipment. 

WARRANTY 
Warranty work specified herein is for one (1) year from 
substantial completion against defects in materials and in labor 
and workmanship.  All rotating spinners have three (3) year 
full parts and labor warranty including all spinner 
maintenance. 
Defects shall include, but not be limited to: 

Operation; Noisy, rough or substandard operation

Parts; Loose, damaged and missing parts 

Finish; Abnormal deterioration


SCOPE OF WORK 
To furnish a completely automatic, touchless heavy-duty 
vehicle wash system which washes all types of street legal 
vehicles used by fleet owners for front, roof, rear, both sides 
and chassis in drive-thru mode. 
The supplier is to be responsible for the supply of necessary 
equipment, materials and service for the complete assembly 
and erection of the equipment so that it is ready for operation 
as per these specifications. 

WASH SYSTEM PERFORMANCE  
Operation: The vehicle washer shall be actuated in cycle 
sequence by vehicles driven in a fixed path between tire guides 
at a slow speed (50-60 feet/ minute) through the washing 
system.  All washing operations shall by automatically 
activated by the vehicle (driving through). 
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The supplier is responsible to design the equipment to 
satisfactorily wash up to 40 vehicles per hour.  The vehicle 
wash shall be able to remove all visible, heavy dirt 
accumulation and most of the road film from the owner's 
vehicles when they are driven thru the washer at 50 feet/min 
with using only alkaline detergents. The amount of detergent 
used per vehicle to remove road film shall not exceed 0.35 
gallons. The evaluation of the system capability to remove 
road film shall be determined only after the vehicles have dried 
after the washing has been completed. 
The supplier is solely responsible for the equipment 
performance.  Should the equipment not perform, as per these 
specification requirements, the supplier shall modify, add 
and/or alter the equipment supplied at his own expense until 
the performance is satisfactory. The Owner shall approve all 
such changes.  Should the performance criteria not be met 
after the changes, the supplier shall remove the system at no 
cost to the owner. 
The vehicle wash system to be capable of washing the owner’s 
vehicles up to 14' in height including the following: 

Cars, Pickups, Vans

Buses, school buses 

Trucks, Flatbeds, Tankers, Tractors 

Sanitation Trucks, Waste Haulers, Vacuum Trucks

Utility Trucks with or without attached ladders


MECHANICAL INTERCONNECTING PIPING 
All field plumbing and mechanical work will be done by others 
(Mechanical Contractor or general contractor), including: 

Water and gas utilities up to and connecting to the equipment. 

Interconnecting piping between various equipment components

located in the equipment room.

Interconnecting piping between the equipment located in the 

equipment room and the equipment located in the wash bay.

Furnish and Installation of: 


Duct for Water Heater 
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Backflow preventer 
ELECTRICAL INTERCONNECTING WIRING 

All field electrical work will be done by others (Electrical 
Contractor, or general contractor), including: 

Electrical service up to and connecting to the equipment panel.

Interconnecting wiring between various equipment components

located in the equipment room.

Interconnecting wiring between the equipment located in the 

equipment room and the equipment located in the wash bay.


WASH SYSTEM TECHNICAL SPECIFICATIONS 
Detergent Arch Components 
Timing of operation and position of the detergent arch shall be 
determined by manufacturer to provide optimum detergent 
penetration before high-pressure wash cycle. 
Detergent pump shall be Inject-o-meter Model HVI82 or 
engineer approved equal with variable volume output from 0.1 
to 1.0 GPM. The amount of detergent delivery (by the pump) 
has to be readable on the pump calibrated settings. The 
detergent pump must be of positive displacement type. 
The system shall have water booster pump to ensure even 
water pressure under all circumstances. 
Detergent Arch shall be made of 1.25-inch stainless steel pipe 
compatible with used detergents and equipped with 25 pcs of 
adjustable Spraying Systems nozzles each equipped with 
Diaphragm Check Valve Model 8360 to evenly apply 
detergent, hot water solution to front, rear, sides and roof of 
vehicle proceeding through the arch.  The design of the 
detergent arch shall allow immediate activation of the nozzles 
upon arch activation by the vehicle. 
Intensified Rear Detergent Feature: The rear of the vehicle 
shall be applied detergent via a separate, stainless steel rear 
wash arch which is activated immediately after the vehicle has 
passed through the detergent arch.  The detergent 
concentration for the rear wash arch shall be double compared 
to the detergent arch.  The intensified rear detergent arch shall 
be controlled and operated via its own vehicle sensing device, 
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solenoid valves and chemical pumps as required for proper 
performance. 
The chemical spray components located in the equipment room 
must be assembled in a modular, wall mounted assembly 
containing the following components: 

Solenoid valves (2 required) 

Pressure gauge 

Pressure regulator 

In-line screen

Isolator ball valves for all components 

Isolator ball valves to bi-pass water softener


Activation: The detergent arch is activated by limit switch 
assemblies system mounted on the adjustable height steel 
frame located at the front of the detergent arch.  The limit 
switch assemblies shall be able to be activated by all sizes of the 
vehicles. 
Water Heater: Soap arch shall be supplied hot water through a 
gas fired hot water heater.  The heater shall be minimum of 
199,000 BTU. 
Water softener for detergent arch - if the domestic water 
exceeds 3 grains of hardness, the equipment supplier shall 
include water softener as part of the package.  Should the 
water softener not be needed, the supplier shall provide the 
owner testing results of water hardness being acceptable (3 
grains or lower). 
High Pressure Spinner Assembly 
High pressure cleaning is achieved using twelve (12) rotating 
spinners mounted on one common self supporting arch 
assembly.  Five spinners are mounted on each side and two on 
the horizontal arch for complete coverage of all shapes and 
sizes of vehicles including wheels and insides of the wheel wells 
and two spinners on the horizontal arch. 
The high-pressure arch is made of 2 inch Schedule 40 
galvanized pipe. The spinner(s) position in relation to the 
vehicle shall be adjustable vertically and horizontally. 
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Three bottom spinners on both sides must be protected by 1 
1/2" schedule 40 spinner protection guards.  Should the vehicle 
jump the tire guide, spinners shall be protected (by the guards) 
by being able to swing aside by the vehicle impact. The 
supplier shall demonstrate the owner the operation of the 
spinner guard system. 
Chassis Wash System 
Chassis wash system shall have two of the specified or engineer 
approved spinners located in the center trench for effective 
under chassis cleaning.  The chassis wash system shall consist 
of two spinners, normal spray nozzles - stationary or oscillating 
- are not acceptable. 
The chassis wash spinners shall be mounted in the pit trench 
by a removable (for cleaning purposes) modular skid assembly. 
The removable chassis wash assembly shall be equipped with a 
protective plate at the bottom of the assembly to prevent a 
person accidentally stepping into the chassis wash spinner 
opening from further falling into the trench. 
Spinners 
Spinners to be CENTRI*SPINNER, Spraying Systems Spinner 
or engineer approved equal. All spinners submitted for the 
approved equal must have been tested and passed a 5,000 hour 
continuous test run. 
Each spinner to have 4 fully adjustable spray nozzles. The 
nozzles to be of zero degree type and be supported at the end of 
adjustable position elbows. 
The rotational speed of the spinner to be fully individually 
adjustable between 40-300 RPM. The rotational speed 
adjustment of the spinners to be arranged thru an internal oil 
pump. No free-floating oil pump gears without center shaft 
supports are acceptable.  
The rotational high-pressure water seal must be of mechanical 
seal type.  
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The spinner inlet hookup must be minimum of 1” (stainless 
steel). Spinners equipped with smaller inlet hook-ups shall not 
be acceptable. 
The nozzles to be equipped with air jet nozzles. Zero degree 
water to pass thru the secondary orifice, which is a minimum 
of 3" long and has eight (8) openings for air intake at the joint 
of the spray nozzle and air jet nozzle.  Air jets and nozzles 
must be made of stainless steel.  The spinners not equipped 
with air jet nozzles are not acceptable. 
Spinner assembly shall have no periodic maintenance or 
lubrication requirements. 
Spinner Adjuster Tool 
The adjuster tool to set all four spinner elbows in an exact, 
predetermined angle (position) shall be supplied with the 
system. 
Tool shall allow adjusting the spinner elbow angles in precisely 
same (angle to be determined) position without removing the 
spinners from the arch. 
Intensified Rear Wash System 

A. The Intensified Rear Wash System shall be activated 
after the vehicle passes the high pressure spinner arch.  
The separate rear wash arch shall be made of 
minimum of 2" sch.  40 galvanized piping with an 
output of minimum of 250 GPM at 320 PSI. 

B. The supplier shall guarantee that the rear of the 
vehicle passing thru the system at the speed of 50 
feet/min shall be cleaned equally effectively as the rest 
of the vehicle. 

C. The rear wash arch shall be activated only for the rear 
of the vehicle and shall immediately (automatically) 
shut off after the vehicle has passed. The rear wash 
shall utilize a co-axial 3-way valve with the following 
features: 
1. 	 The valve shall utilize a control tube that moves linearly along the same 

axis as the fluid flow 
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2. 	 The valve shall pressure balanced so that operation is unaffected by inlet 
pressure or pressure fluctuations 

3. 	 Designed cycle life for the intended application shall be minimum of 
500,000 cycles 

4. 	 Adjustable switching time 150–2,000 milliseconds 
5. 	 Wear compensating seats  

D. 	The rear wash arch shall use either rotating spinners, oscillating zero degree 
nozzles or other supplier selected method for effective rear wash arrangement.   
The rear wash arch shall be totally separate and independent from the high-
pressure spinner arch.  The supplier is solely responsible for the performance 
warranty regardless of the chosen method. 

Pumping Module 
The high-pressure pump is of the centrifugal diffuser type and 
shall be capable of producing pressures up to 320 PSI.  The 
pump shall deliver a maximum flow of 260 GPM as 
determined by the nozzle sizes incorporated in zero degree 
spinners. 
Casing:  The suction casing is 3.0 inch 250 lb. ANSI flat faced 
flanged. It shall be oriented to right angles of the vertical 
center line when viewed from the drive end.  The discharge is 
3.0 inch 600 Lb. ANSI raised face flange oriented on the 
vertical center line.  The suction casing, discharge casing, stage 
casings and diffusers are made of ductile iron free from blow 
holes, sand pockets, or other detrimental defects. Flow 
passages are smooth to permit maximum efficiency.  Pump is 
equipped with external tie bolts to hold the radially split casing 
sealed by 'O' rings.  The casing is capable withstanding the 
hydrostatic test pressure 150% of maximum pumping pressure 
under which the pump could operate at the designed speed. 
Impellers:  The impellers are of the enclosed single suction 
type, hydraulically balanced to minimize axial thrust loads. 
Each impeller is individually keyed to the shaft.  Impeller is 
bronze. 
Stuffing box: Packed type stuffing boxes are equipped with a 
mechanical seal. 
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Shaft sleeves: The shaft sleeve through the stuffing box is 11
13% chrome stainless steel hardened to a minimum of 225 
Brinnel and is keyed to shaft. 
Shaft:  The shaft is standard carbon steel adequately sized for 
loads transmitted. 
Bearing:  The bearings are designed for an average life of 
50,000 hours. The outboard bearing is a deep groove type; the 
in board bearings are of the radial roller type with grease 
fittings. 
Base: A steel base plate contains the mounting of the pump 
and motor, which are carefully aligned and bolted in place 
prior to shipment.  Final alignment will be checked and 
certified after installation and prior to operation by the user. 
Coupling: The pumping module has a “Jaw” type coupling as 
manufactured by Lovejoy or equal and includes a coupling 
guard. 
Electric Motor 
The electric motor shall be of the squirrel cage induction type 
suitable for across the line starting.  Motor shall operate on 460 
Volt, 3-phase, 60 cycle and be ODP with a 1.15 service factor.  
The motor shall be sized so as not to exceed the name plate 
horse power during operation.  The motor should be a 
minimum of 75 HP. 
The motor shall be certified by the manufacturer for 25 
activations per hour. 
Water Holding Tank 
The system shall be equipped with 925 gallon polyethylene 
water holding tank equipped with high and low level float 
switches.  The system holding tank shall be filled with water 
from the Owner’s waste water treatment plant.  Water for the 
detergent arch shall be either fresh city water or treated water 
from the waste treatment plant by the equipment supplier’s 
choice. Should the treated plant water be used, it will be 
equipment supplier’s responsibility to supply adequate 
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filtering for the water purification as is required for the proper 
cleaning and film removing requirements. 
The holding tank shall be filled via 2", slow closing solenoid 
valve activated by a high level float switch in the holding tank. 
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Electric Control Panel and Components 
A. 	 The panel and controls must be built according to these 

specifications.  No substitutions shall be allowed. No PLC based Control 
panel shall be accepted as substitution.  Any auxiliary panel reporting to 
master control panel can be based on PLC. 

B. 	 The industrial PC component is used as the HMI and process 
controller for proposed components and future vehicle wash systems.  The 
application software provides near -real time control of the entire wash 
system.  The PC is connected to distributed I/O using ethernet network.  

C. 	 The PC shall be panel mounted onto a 4’x5’x1’ electrical 
enclosure, which also houses the electrical controls for the wash system.  The 
PC may be mounted in its own enclosure in an office environment.  The PC 
provides the centralized infrastructure to enable simple and complete 
integration with other systems, including modems, point-of-sale LANs, 
video, wireless internet, smart card readers, and other systems not yet 
developed. The PC shall be compatible with Linux and Windows operating 
systems.  

D. 	 The application software shall be developed and provided by the 
bidder.  This software shall include the specified train wash components and 
cover all future expansions.  The application software shall be written either 
for Linux or Windows-based systems. 

E. 	The wash software shall provide the following: 

GUI shall be intuitive to use by people without computer experience.  

Little or no training should be required.   

At program start up, all devices shall be initialized to a known state. 

All system settings, such as baud rates, parity, comm. port 

configurations, etc shall be reconfigurable without necessitating

recompiling the application software. 

All user configurable settings shall be stored to disk using *.ini files,

the windows registry, or a database to remember settings between 

reboots.  These include all timing set points, alarm settings, and

communication settings.

Data being logged to disk shall be buffered and only physically

written to disk periodically to prolong the life of flash/hard drive. 

All user actions shall be logged to disk with a time and date stamp.

User actions include: timing changes, putting the system into

auto/manual, changing options, or powering the system up/down. 

Periodic polling of I/O may be initiated by either hardware or 

software interrupts.  All real time processes, such as those required for 

closed loop control, shall be hardware interrupt driven.
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A hardware watchdog circuit shall be used in case the PC locks up. 
Minimum timeout shall be 10 seconds.  This circuit will be in series 
with the E-stop circuitry. 
Error handling must be provided for each and every line of code.  It is 
not necessary to alert the user of all errors, but all handled errors shall 
be logged to disk. 
Alarms should have user configurable delays to prevent nuisance 
tripping. 
Latency: scanning interval for all closed loop processes should be 
executed <500 ms.   
Provide terminal windows for spying on any devices communicating 
to PC via Ethernet, RS232, etc.  These will be used for 
troubleshooting communications problems. 
Failure of any single component shall result in disabling the entire 
wash.  For example, the system will not be allowed to wash vehicles 
in a crippled state if a chemical pump motor overload trips. 
F. 	 The Industrial Control Panel shall be manufactured and evaluated 

in accordance with the Underwriters Laboratories, Inc. (UL) standard 508A 
(Industrial Control Panels). In addition, the panel shall be evaluated for high-
capacity short circuit withstand and shall bear the appropriate UL marks 
including the short circuit withstand value mark as part of the official UL 
label. 

G. 	 The industrial Control Panel shall be designed for operation on a 
460 Volt, 3 phase, 60 Hertz system, with a short circuit capacity of 25,000 
amperes RMS Symm. available at the incoming line terminals of the control 
panel. 

H. 	 The Industrial Control Panel shall be designed to meet the 
requirements of the National Electric Code (NEC) Articles 430 and 670, also 
the National Fire Protections Association (NFPA) Standard 79 (Industrial 
Machinery). 

I. 	All push buttons, selector switches, pilot devices, system control and access 
functions must be by Touch Screen Operator Interface Terminal.  

J. Electric Panels that are not UL approved are not acceptable. 

Tire Guides 
Tire Guides Fabricated from 3-inch diameter painted steel 
pipe headings supported at 5 feet intervals provide guide runs 
on both sides of the vehicle.  The tire guide shall be for the full 
length of the wash system. 
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The system has angled entry at the entrance.  End of rails are 
capped and all headings are smoothly finished to prevent tire 
damage. Brackets supporting pipe shall be made of minimum 
of 3/8" steel plate that are welded to concrete imbedded cleats 
or anchor bolted to the concrete. 
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INSTALLATION, START-UP, TRAINING AND SERVICE 
Install equipment in accordance with manufacturer's supplied 
installation drawings. 
Equipment supplier shall undertake the commissioning of the 
system and make all required adjustments to ensure proper 
operation. 
The equipment manufacturer shall start-up the system.  The 
owner shall have all operating personnel present during the 
start-up and equipment training. 
The supplier shall arrange adequate amount of detergent for 
the performance testing. 
The owner’s personnel shall be trained for a minimum of 5 
hours in the system operation and maintenance. 
The supplier shall provide the owner the names and the 
addresses of all local service and maintenance personnel to 
assist in future service. 

TOUCHLESS PUBLIC WORKS VEHICLE WASH 
TECHNICAL SPECIFICATIONS 

GENERAL 
The general provisions of the Contract, including General and 
Supplementary Conditions apply to the work specified in this 
contract. 

RELATED WORK 
Site work 
Concrete 
Mechanical 
Electrical 

QUALITY ASSURANCE 
The system shall be produced by a manufacturer of established 
reputation with a minimum of five (5) years experience 
supplying specified equipment in similar applications. 
Installation: Provide a qualified manufacturer's 
representative to supervise work related to equipment 
installation, check out and startup. 
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Training: Provide technical representative to train Owner's 
maintenance personnel in operation and maintenance of 
specified equipment. 

SUBMITTALS 
Product Data 
Submit Product Data in strict accordance with requirements of 
these specifications. 
Submittal engineering drawings must have the Floor Plan 
Views and the Isometric Views with bill of materials separately 
for the following: 

Equipment general layout 
Electrical layout 
Mechanical layout 
Any related in-ground electrical or mechanical installation 
Provide UL listing card or equivalent document of Nationally 
Recognized Testing Laboratories from the company building the 
electrical panel(s)  and attach with the electrical drawings indicating 
that the electrical panels will be built to the required standards (see 
section 11.10 Electric Control Panel). 
Provide the Owner with the Sepias for all as-built drawings 

Restrict submitted material to pertinent data. For instance, do 
not include manufacturer's complete catalog when pertinent 
information is contained on a single page. 
Operation and Maintenance Manual 

Assemble and provide copies of manual in 8.5 x 11 inch format.  Fold 
out diagrams and illustrations are acceptable.  Manuals to be 
reproducible by dry copy method. 

Deviations from These Specifications 
No deviations from these specifications will be allowed unless 
approved by the owner in writing prior to bid closing.  All 
equipment and equipment functions must be built and 
designed to these specifications. 
Regardless of the owner's approval for any deviations and/or 
changes, the supplier is solely responsible for the performance 
of the supplied equipment as per these specifications. 
Supplier's Qualifications 
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The equipment specified herein is based on the system model 
CENTRI*SPINNER as supplied by InterClean Equipment, 
Inc. (800-468-3725) or engineer approved equal. 
The wash system, high pressure cleaning systems, pumping 
stations and all electrical controls shall be designed and 
supplied by one supplier. 
Supplier shall have been regularly engaged in the design and 
supply of the type of equipment specified herein, for a period 
of not less than five years.  All similar items shall be the 
products of one manufacturer. The equipment offered shall be 
the latest standard product, modified as necessary to meet the 
requirements of the specification, of a type that has been 
commercially available and in satisfactory use for at least five 
years. 
All bidders shall submit with the bid package the following 
information for an approved equal status: 

A complete list of spinner and touchless heavy duty vehicle wash 
system installations made by the bidder. This list shall include all such 
touchless vehicle wash installations made the bidder in the last five 
(5) years including the duration of the service and application.  Should 
the reference list have more than 25 names, a list of last 25 
installations shall suffice. 
Provide name of contact person at each location who is familiar with 
the operation and maintenance of the wash system. 
Based on the information supplied and discussions with contact 
persons named, the engineer will determine the acceptability of the 
proposed supplier and the equipment. 

WARRANTY 
Warranty work specified herein is for one (1) year from 
substantial completion against defects in materials and in labor 
and workmanship.  All rotating spinners have three (3) year 
full parts and labor warranty including all spinner 
maintenance. 
Defects shall include, but not be limited to: 

Operation; Noisy, rough or substandard operation

Parts; Loose, damaged and missing parts 

Finish; Abnormal deterioration
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SCOPE OF WORK 
To furnish a completely automatic, touchless heavy-duty 
vehicle wash system which washes all types of street legal 
vehicles used by fleet owners for front, roof, rear, both sides 
and chassis in drive-thru mode. 
The supplier is to be responsible for the supply of necessary 
equipment, materials and service for the complete assembly 
and erection of the equipment so that it is ready for operation 
as per these specifications. 
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WASH SYSTEM PERFORMANCE  
Operation: The vehicle washer shall be actuated in cycle 
sequence by vehicles driven in a fixed path between tire guides 
at a slow speed (50-60 feet/ minute) through the washing 
system.  All washing operations shall by automatically 
activated by the vehicle (driving through). 
The supplier is responsible to design the equipment to 
satisfactorily wash up to 40 vehicles per hour.  The vehicle 
wash shall be able to remove all visible, heavy dirt 
accumulation and most of the road film from the owner's 
vehicles when they are driven thru the washer at 50 feet/min 
with using only alkaline detergents. The amount of detergent 
used per vehicle to remove road film shall not exceed 0.35 
gallons. The evaluation of the system capability to remove 
road film shall be determined only after the vehicles have dried 
after the washing has been completed. 
The supplier is solely responsible for the equipment 
performance.  Should the equipment not perform, as per these 
specification requirements, the supplier shall modify, add 
and/or alter the equipment supplied at his own expense until 
the performance is satisfactory. The Owner shall approve all 
such changes.  Should the performance criteria not be met 
after the changes, the supplier shall remove the system at no 
cost to the owner. 
The vehicle wash system to be capable of washing the owner’s 
vehicles up to 14' in height including the following: 

Cars, Pickups, Vans

Buses, school buses 

Trucks, Flatbeds, Tankers, Tractors 

Sanitation Trucks, Waste Haulers, Vacuum Trucks

Utility Trucks with or without attached ladders


MECHANICAL INTERCONNECTING PIPING 
All field plumbing and mechanical work will be done by others 
(Mechanical Contractor or general contractor), including: 

Water and gas utilities up to and connecting to the equipment. 
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Interconnecting piping between various equipment components

located in the equipment room.

Interconnecting piping between the equipment located in the 

equipment room and the equipment located in the wash bay.

Furnish and Installation of: 


Duct for Water Heater 

Backflow preventer 
ELECTRICAL INTERCONNECTING WIRING 

All field electrical work will be done by others (Electrical 
Contractor, or general contractor), including: 

Electrical service up to and connecting to the equipment panel.

Interconnecting wiring between various equipment components

located in the equipment room.

Interconnecting wiring between the equipment located in the 

equipment room and the equipment located in the wash bay.


WASH SYSTEM TECHNICAL SPECIFICATIONS 
Detergent Arch Components 
Timing of operation and position of the detergent arch shall be 
determined by manufacturer to provide optimum detergent 
penetration before high-pressure wash cycle. 
Detergent pump shall be Inject-o-meter Model HVI82 or 
engineer approved equal with variable volume output from 0.1 
to 1.0 GPM. The amount of detergent delivery (by the pump) 
has to be readable on the pump calibrated settings. The 
detergent pump must be of positive displacement type. 
The system shall have water booster pump to ensure even 
water pressure under all circumstances. 
Detergent Arch shall be made of 1.25-inch stainless steel pipe 
compatible with used detergents and equipped with 25 pcs of 
adjustable Spraying Systems nozzles each equipped with 
Diaphragm Check Valve Model 8360 to evenly apply 
detergent, hot water solution to front, rear, sides and roof of 
vehicle proceeding through the arch.  The design of the 
detergent arch shall allow immediate activation of the nozzles 
upon arch activation by the vehicle. 

A-62 




Intensified Rear Detergent Feature: The rear of the vehicle 
shall be applied detergent via a separate, stainless steel rear 
wash arch which is activated immediately after the vehicle has 
passed through the detergent arch.  The detergent 
concentration for the rear wash arch shall be double compared 
to the detergent arch.  The intensified rear detergent arch shall 
be controlled and operated via its own vehicle sensing device, 
solenoid valves and chemical pumps as required for proper 
performance. 
The chemical spray components located in the equipment room 
must be assembled in a modular, wall mounted assembly 
containing the following components: 

Solenoid valves (2 required) 

Pressure gauge 

Pressure regulator 

In-line screen

Isolator ball valves for all components 

Isolator ball valves to bi-pass water softener


Activation: The detergent arch is activated by limit switch 
assemblies system mounted on the adjustable height steel 
frame located at the front of the detergent arch.  The limit 
switch assemblies shall be able to be activated by all sizes of the 
vehicles. 
Water Heater: Soap arch shall be supplied hot water through a 
gas fired hot water heater.  The heater shall be minimum of 
199,000 BTU. 
Water softener for detergent arch - if the domestic water 
exceeds 3 grains of hardness, the equipment supplier shall 
include water softener as part of the package.  Should the 
water softener not be needed, the supplier shall provide the 
owner testing results of water hardness being acceptable (3 
grains or lower). 
High Pressure Spinner Assembly 
High pressure cleaning is achieved using twelve (12) rotating 
spinners mounted on one common self supporting arch 
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assembly.  Five spinners are mounted on each side and two on 
the horizontal arch for complete coverage of all shapes and 
sizes of vehicles including wheels and insides of the wheel wells 
and two spinners on the horizontal arch. 
The high-pressure arch is made of 2 inch Schedule 40 
galvanized pipe. The spinner(s) position in relation to the 
vehicle shall be adjustable vertically and horizontally. 
Three bottom spinners on both sides must be protected by 1 
1/2" schedule 40 spinner protection guards.  Should the vehicle 
jump the tire guide, spinners shall be protected (by the guards) 
by being able to swing aside by the vehicle impact. The 
supplier shall demonstrate the owner the operation of the 
spinner guard system. 
Chassis Wash System 
Chassis wash system shall have two of the specified or engineer 
approved spinners located in the center trench for effective 
under chassis cleaning.  The chassis wash system shall consist 
of two spinners, normal spray nozzles - stationary or oscillating 
- are not acceptable. 
The chassis wash spinners shall be mounted in the pit trench 
by a removable (for cleaning purposes) modular skid assembly. 
The removable chassis wash assembly shall be equipped with a 
protective plate at the bottom of the assembly to prevent a 
person accidentally stepping into the chassis wash spinner 
opening from further falling into the trench. 

A-64 




Spinners 
Spinners to be CENTRI*SPINNER, Spraying Systems Spinner 
or engineer approved equal. All spinners submitted for the 
approved equal must have been tested and passed a 5,000 hour 
continuous test run. 
Each spinner to have 4 fully adjustable spray nozzles. The 
nozzles to be of zero degree type and be supported at the end of 
adjustable position elbows. 
The rotational speed of the spinner to be fully individually 
adjustable between 40-300 RPM. The rotational speed 
adjustment of the spinners to be arranged thru an internal oil 
pump. No free-floating oil pump gears without center shaft 
supports are acceptable.  
The rotational high-pressure water seal must be of mechanical 
seal type.  
The spinner inlet hookup must be minimum of 1” (stainless 
steel). Spinners equipped with smaller inlet hook-ups shall not 
be acceptable. 
The nozzles to be equipped with air jet nozzles. Zero degree 
water to pass thru the secondary orifice, which is a minimum 
of 3" long and has eight (8) openings for air intake at the joint 
of the spray nozzle and air jet nozzle.  Air jets and nozzles 
must be made of stainless steel.  The spinners not equipped 
with air jet nozzles are not acceptable. 
Spinner assembly shall have no periodic maintenance or 
lubrication requirements. 
Spinner Adjuster Tool 
The adjuster tool to set all four spinner elbows in an exact, 
predetermined angle (position) shall be supplied with the 
system. 
Tool shall allow adjusting the spinner elbow angles in precisely 
same (angle to be determined) position without removing the 
spinners from the arch. 
Intensified Rear Wash System 
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E. 	The Intensified Rear Wash System shall be activated 
after the vehicle passes the high pressure spinner arch.  
The separate rear wash arch shall be made of 
minimum of 2" sch.  40 galvanized piping with an 
output of minimum of 250 GPM at 320 PSI. 

F. 	The supplier shall guarantee that the rear of the 
vehicle passing thru the system at the speed of 50 
feet/min shall be cleaned equally effectively as the rest 
of the vehicle. 

G. The rear wash arch shall be activated only for the rear 
of the vehicle and shall immediately (automatically) 
shut off after the vehicle has passed. The rear wash 
shall utilize a co-axial 3-way valve with the following 
features: 
1. 	 The valve shall utilize a control tube that moves linearly along the same 

axis as the fluid flow 
2. 	 The valve shall pressure balanced so that operation is unaffected by inlet 

pressure or pressure fluctuations 
3. 	 Designed cycle life for the intended application shall be minimum of 

500,000 cycles 
4. 	 Adjustable switching time 150–2,000 milliseconds 
5. 	 Wear compensating seats  

H. 	The rear wash arch shall use either rotating spinners, oscillating zero degree 
nozzles or other supplier selected method for effective rear wash arrangement.   
The rear wash arch shall be totally separate and independent from the high-
pressure spinner arch.  The supplier is solely responsible for the performance 
warranty regardless of the chosen method. 

Pumping Module 
The high-pressure pump is of the centrifugal diffuser type and 
shall be capable of producing pressures up to 320 PSI.  The 
pump shall deliver a maximum flow of 260 GPM as 
determined by the nozzle sizes incorporated in zero degree 
spinners. 
Casing:  The suction casing is 3.0 inch 250 lb. ANSI flat faced 
flanged. It shall be oriented to right angles of the vertical 
center line when viewed from the drive end.  The discharge is 
3.0 inch 600 Lb. ANSI raised face flange oriented on the 
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vertical center line.  The suction casing, discharge casing, stage 
casings and diffusers are made of ductile iron free from blow 
holes, sand pockets, or other detrimental defects. Flow 
passages are smooth to permit maximum efficiency.  Pump is 
equipped with external tie bolts to hold the radially split casing 
sealed by 'O' rings.  The casing is capable withstanding the 
hydrostatic test pressure 150% of maximum pumping pressure 
under which the pump could operate at the designed speed. 
Impellers:  The impellers are of the enclosed single suction 
type, hydraulically balanced to minimize axial thrust loads. 
Each impeller is individually keyed to the shaft.  Impeller is 
bronze. 
Stuffing box: Packed type stuffing boxes are equipped with a 
mechanical seal. 
Shaft sleeves: The shaft sleeve through the stuffing box is 11
13% chrome stainless steel hardened to a minimum of 225 
Brinnel and is keyed to shaft. 
Shaft:  The shaft is standard carbon steel adequately sized for 
loads transmitted. 
Bearing:  The bearings are designed for an average life of 
50,000 hours. The outboard bearing is a deep groove type; the 
in board bearings are of the radial roller type with grease 
fittings. 
Base: A steel base plate contains the mounting of the pump 
and motor, which are carefully aligned and bolted in place 
prior to shipment.  Final alignment will be checked and 
certified after installation and prior to operation by the user. 
Coupling: The pumping module has a “Jaw” type coupling as 
manufactured by Lovejoy or equal and includes a coupling 
guard. 
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Electric Motor 
The electric motor shall be of the squirrel cage induction type 
suitable for across the line starting.  Motor shall operate on 460 
Volt, 3-phase, 60 cycle and be ODP with a 1.15 service factor.  
The motor shall be sized so as not to exceed the name plate 
horse power during operation.  The motor should be a 
minimum of 75 HP. 
The motor shall be certified by the manufacturer for 25 
activations per hour. 
Water Holding Tank 
The system shall be equipped with 925 gallon polyethylene 
water holding tank equipped with high and low level float 
switches.  The system holding tank shall be filled with water 
from the Owner’s waste water treatment plant.  Water for the 
detergent arch shall be either fresh city water or treated water 
from the waste treatment plant by the equipment supplier’s 
choice. Should the treated plant water be used, it will be 
equipment supplier’s responsibility to supply adequate 
filtering for the water purification as is required for the proper 
cleaning and film removing requirements. 
The holding tank shall be filled via 2", slow closing solenoid 
valve activated by a high level float switch in the holding tank. 
Electric Control Panel and Components 

K. 	 The panel and controls must be built according to these 
specifications.  No substitutions shall be allowed. No PLC based Control 
panel shall be accepted as substitution.  Any auxiliary panel reporting to 
master control panel can be based on PLC. 

L. The industrial PC component is used as the HMI and process controller for 
proposed components and future vehicle wash systems.  The application 
software provides near -real time control of the entire wash system.  The PC 
is connected to distributed I/O using ethernet network.  

M.	 The PC shall be panel mounted onto a 4’x5’x1’ electrical 
enclosure, which also houses the electrical controls for the wash system.  The 
PC may be mounted in its own enclosure in an office environment.  The PC 
provides the centralized infrastructure to enable simple and complete 
integration with other systems, including modems, point-of-sale LANs, 
video, wireless internet, smart card readers, and other systems not yet 
developed. The PC shall be compatible with Linux and Windows operating 
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systems.  
N. 	 The application software shall be developed and provided by the 

bidder.  This software shall include the specified train wash components and 
cover all future expansions.  The application software shall be written either 
for Linux or Windows-based systems. 

O. 	The wash software shall provide the following: 

GUI shall be intuitive to use by people without computer experience.  
Little or no training should be required.   
At program start up, all devices shall be initialized to a known state. 
All system settings, such as baud rates, parity, comm. port 
configurations, etc shall be reconfigurable without necessitating 
recompiling the application software. 
All user configurable settings shall be stored to disk using *.ini files, 
the windows registry, or a database to remember settings between 
reboots.  These include all timing set points, alarm settings, and 
communication settings. 
Data being logged to disk shall be buffered and only physically 
written to disk periodically to prolong the life of flash/hard drive. 
All user actions shall be logged to disk with a time and date stamp. 
User actions include: timing changes, putting the system into 
auto/manual, changing options, or powering the system up/down. 
Periodic polling of I/O may be initiated by either hardware or 
software interrupts.  All real time processes, such as those required for 
closed loop control, shall be hardware interrupt driven. 
A hardware watchdog circuit shall be used in case the PC locks up. 
Minimum timeout shall be 10 seconds.  This circuit will be in series 
with the E-stop circuitry. 
Error handling must be provided for each and every line of code.  It is 
not necessary to alert the user of all errors, but all handled errors shall 
be logged to disk. 
Alarms should have user configurable delays to prevent nuisance 
tripping. 
Latency: scanning interval for all closed loop processes should be 
executed <500 ms.   
Provide terminal windows for spying on any devices communicating 
to PC via Ethernet, RS232, etc.  These will be used for 
troubleshooting communications problems. 
Failure of any single component shall result in disabling the entire 
wash.  For example, the system will not be allowed to wash vehicles 
in a crippled state if a chemical pump motor overload trips. 
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P. 	 The Industrial Control Panel shall be manufactured and evaluated 
in accordance with the Underwriters Laboratories, Inc. (UL) standard 508A 
(Industrial Control Panels). In addition, the panel shall be evaluated for high-
capacity short circuit withstand and shall bear the appropriate UL marks 
including the short circuit withstand value mark as part of the official UL 
label. 

Q. 	 The industrial Control Panel shall be designed for operation on a 
460 Volt, 3 phase, 60 Hertz system, with a short circuit capacity of 25,000 
amperes RMS Symm. available at the incoming line terminals of the control 
panel. 

R. 	 The Industrial Control Panel shall be designed to meet the 
requirements of the National Electric Code (NEC) Articles 430 and 670, also 
the National Fire Protections Association (NFPA) Standard 79 (Industrial 
Machinery). 

S. 	 All push buttons, selector switches, pilot devices, system control 
and access functions must be by Touch Screen Operator Interface Terminal.  

T. Electric Panels that are not UL approved are not acceptable. 

Tire Guides 
Tire Guides Fabricated from 3-inch diameter painted steel 
pipe headings supported at 5 feet intervals provide guide runs 
on both sides of the vehicle.  The tire guide shall be for the full 
length of the wash system. 
The system has angled entry at the entrance.  End of rails are 
capped and all headings are smoothly finished to prevent tire 
damage. Brackets supporting pipe shall be made of minimum 
of 3/8" steel plate that are welded to concrete imbedded cleats 
or anchor bolted to the concrete. 

INSTALLATION, START-UP, TRAINING AND SERVICE 
Install equipment in accordance with manufacturer's supplied 
installation drawings. 
Equipment supplier shall undertake the commissioning of the 
system and make all required adjustments to ensure proper 
operation. 
The equipment manufacturer shall start-up the system.  The 
owner shall have all operating personnel present during the 
start-up and equipment training. 
The supplier shall arrange adequate amount of detergent for 
the performance testing. 
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The owner’s personnel shall be trained for a minimum of 5 
hours in the system operation and maintenance. 
The supplier shall provide the owner the names and the 
addresses of all local service and maintenance personnel to 
assist in future service. 
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Appendix 6.5 

Propane Distribution
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Appendix 2.  Propane Distribution 

The following is from: 
http://www.franchisegator.com/cgi-bin/profile.php?key=489&f_type=4 

Suburban Cylinder Express is a new concept that offers residential and 
commercial customers direct delivery and exchange of propane tanks...a unique 
and completely untapped business opportunity that's long been sought! 

At Suburban Cylinder Express, we have structured a business that makes it 
easier than ever for homeowners to enjoy the taste and simplicity of gas grill 
cooking. Our franchise plan is built around the simple principle of delivering 
precision-filled propane cylinders directly to homeowners and businesses, and 
picking up their empty ones. We make the consumer's life easier - it's as simple 
as that! 

Did you know more than 150,000,000 propane tanks go undelivered in the 
U.S. every year? 

Franchise experts agree: the home delivery/home service segment of the 
franchise industry is growing at an incredible rate. Businesses that enhance 
lifestyles and provide convenience are among the fastest growing companies in 
the country. 

Investment Requirements:
  • Franchise Fee: $34,900

  • Total Capital Investment: 
$64,000 - $174,400 

Financing Assistance:
  • No 

Training and Support:
  • Yes 

Why Suburban Cylinder Express? 

Over 70% of all homeowners have gas grills with 60% of them grilling year 'round...and demand is growing 
with increased gas grill sales, bug zappers, and patio heaters using more and more propane, more often, every 
year! 

The reason people looking to buy a business or franchise find this opportunity so appealing is simply because we've all 
had this experience: 

Going out to fill your propane tank is a pain. Loading the dirty tank in and out of the car, hauling t tank to a store, 
standing in line to pay the clerk, then standing around looking for someone to open a cage, finding a tank that's not 
rusted, dented or full of grease, then hauling it back home; however you do it, it's a hassle. And, sometimes that's after 
you've run out of propane at the worst possible time - as your steaks go cold! 

Suburban Cylinder Express meets the growing demands of today's busy consumers, and provides you with the tools, 
systems, and programs that help you meet those demands.  

• 	 Suburban Cylinder Express is a home-based business - no expensive offices or stores to maintain.  
• 	 Our business virtually eliminates overhead and administrative expense. 
• 	 We provide the cylinders to you - totally refurbished and precision-filled locally.  
• 	 We provide a national customer service center to handle your customers – sales calls and orders.  
• 	 We collect the payments for you, and then send you a check. 
• 	 We provide a computerized routing and delivery schedule for your use. 
• 	 We have developed the marketing and advertising programs to help you build your customer base.  
• 	 You provide the local capital and effort to build the customer base for your business. 
• 	 We've built you the system - backed by a Fortune 1000 industry leader in the liquid propane business for 

more than 75 years, Suburban Propane, L.P. 
• 	 With our specialized program, your focus is squarely on promotion and delivery! 

Ready to start converting 150 million propane tanks to home delivery? Ready to go into a business and provide a 
service that consumers have been asking for? 
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Small Municipal Power Distribution Company 

The following are summary notes obtained in a telephone interview of: 

Mike Herron, Director 

Stillwater Electrical Power & Stillwater Municipal Power Authority 

Justification for being in business: 
• 	 City cannot use property taxes to fund electrical services 
• 	 Sales taxes are committed and are not available 

Economics: 
• 	 Stillwater Electrical Power has gross sales of $30,000,000 per year 

o 	$14-15,000,000 power purchased from Grand River Dam Authority 
(GRDA) 

• 	 Profit of $5,000,000 ($3,500,000 to the Stillwater general fund) 
• 	 Approximately $3,500,000 wages and overhead 

o 	Service personnel plus administrative overhead (City Manager, billing, etc.) 
o 	Freebies (ball park lightning, city street lights, city buildings, etc.) 

Stillwater owns the following peaking and back-up power plants: 
• Two 12.5 megawatt gas fired steam plants (summer peaking units)  25 MW 
• 	 Three 2.0 megawatt diesel driven generator sets for power plant   

emergency start-up service  6 MW 
• 	 One 2.0 megawatt diesel driven generator set for City Water 

Treatment Plant 2 MW 

Note: Stillwater Electrical Power leases four 2 MW peaking power plants to GRDA 
for standby capacity.  The diesel sets, by providing backup capacity to GRDA, 
have a payback of 38 months if they are never required to operate ($2,000,000 
investment.) The natural gas fired steam unit did not operate during the summer 
of 2004 due in part to the high price of natural gas and their existing contracts. 

The Stillwater, Oklahoma power peak is 125 MW (summer) 

Smaller utilities across the State of Oklahoma use the services such as: 
• Oklahoma Gas Association (OGA) non-profit 
• Oklahoma Municipal Utility Service Authority (OMUSA) –Government Agency 
• Municipal Electric Systems of Oklahoma (MESO) – Non-profit 

These organizations provide and administer electric services on an as-needed basis.  The 
contact person is: Shane Woolbright – 800-636-6376 ext. 2.  This group presently serves 
about 85 cities. Services include such things as safety training, drug and alcohol 
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monitoring, etc.  In addition, they have two full time linemen and two bucket trucks if 
such services are needed. 

Evaluating CPN Options 
CPN would send out a Request for Proposal (RFP) to get bids for the purchase of long-
term contracts for wholesale power.  Providers include: Oklahoma Gas &Electric, 
Western Farmers, Oklahoma Municipal Power Authority, etc.  Start up could include 
support by such groups as OGA, OMUSA, MESO 

The following photographs show the peaking/backup/standby/start-up electric power 
units at the Stillwater Public Power station.  The three 2- MW have sufficient power to 
start the 12.5 MW natural gas or steam power plant. 

Three 2 MW Diesel Generator Sets Two 12.5 MW Gas Fired Steam 
(serve as start-up units for the two Generator Units 
12.5 MW gas fired steam units.) 

Stillwater Power Generation Units Stillwater Power Generation Units 
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Appendix 6.6 

Small Municipal Power Distribution Company 


A-66 



	Executive Summary
	Table of Contents
	Introduction
	Primary Technology Options
	Response to Proposal Objectives
	Conclusions
	References
	Appendices

