
4 CSR 240-22.050 Appendix C 

  
 
 

1 of 140 

 
 

Distributed Generation Evaluation Study 
 

 
 

 

November 30, 2007 
 

 

Prepared By: 
Alternative Energy Systems Consulting, Inc. 

 

 



Distributed Generation Evaluation Study for AmerenUE  - November 2007 

Confidential 2 of 140

Table of Contents 

Table of Contents ...........................................................................................2 

1 Executive Summary...............................................................................3 

2 Study Objective & Approach................................................................6 

3 DG Technology Characterization.........................................................8 

3.1 Reciprocating Internal Combustion Engines ...................... 9 

3.2 Biomass Fuel Generators ................................................. 12 

3.3 Fuel Cells .......................................................................... 15 

3.4 Stirling Engines (Fossil Fueled) ........................................ 16 

3.5 Solar Electric..................................................................... 17 

3.6 Small Wind Turbines......................................................... 18 

3.7 Small Hydroelectric ........................................................... 19 

3.8 Energy Storage ................................................................. 20 

3.8.1 Batteries ................................................................... 21 

3.8.2 Flywheels ................................................................. 21 

3.8.3 Thermal Energy Storage .......................................... 22 

4 DG Technology Screening..................................................................24 

4.1 Customer Economic Analysis ........................................... 24 

4.2 Rate Analysis .................................................................... 25 

4.3 Screening Results............................................................. 25 

5 DG Technology Market Penetration ..................................................28 

6 DG Program Survey.............................................................................31 

7 Prototype Incentive Program .............................................................36 

8 Conclusions & Recommendations....................................................39 

Appendix A – DG Technology Characteristic Matrix ..............................41 

Appendix B – DG Technology Screening .................................................48 

Appendix C – DG Program Survey Summary ........................................129 



Distributed Generation Evaluation Study for AmerenUE  - November 2007 

Confidential 3 of 140

1 Executive Summary 

As part of its 2008 Integrated Resource Plan (IRP), AmerenUE is complying with 
the rules in Chapter 22 of the Missouri Department of Economic Development’s 
Public Service Commission to identify and analyze the cost effectiveness of 
distributed generation (DG) technologies.  AmerenUE contracted Alternative 
Energy Systems Consulting, Inc. (AESC) to assist in the identification, screening 
and analysis of DG technologies. 

AESC, in coordination with AmerenUE, developed an approach that included; 
DG technology characterization, screening and market analysis. 

First a comprehensive list of DG technologies were characterized in terms of their 
commercial availability, capacity size range, performance and economics. 

The characterized DG technologies were then screened based upon the following 
criteria: 

• Technology maturity and commercial availability 

• Fuel availability in AmerenUE’s service territory 

• Applicability to customer segments; operating characteristics, siting 
requirements, environmental permitting requirements, etc. 

• Present value levelized cost ($/kWh) versus customer cost for grid 
electricity 

The screening identified Farm Anaerobic Digestion (Farm AD) as the candidate 
technology for an incentive program within AmerenUE’s service territory.  All 
other DG technologies, including energy storage, were found to be too costly to 
provide reasonable incentives to improve their customer economics. 

The market potential, adoption rate and incentive program costs were developed.  
These are shown in the following chart. 
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Figure 1-1  Program and Administrative Costs 

Below are the conclusions of this study. 

• Farm AD systems are the best DG candidate for an incentive program 
within AmerenUE’s service territory. 

• The market potential for Farm AD systems within AmerenUE’s service 
territory 5.2 MW, most of which is at swine farms. 

• We believe the best program design is a capacity based lump sum 
incentive paid upon project completion and startup. 

• An incentive of approximately $1,665/kW will make the levelized cost of 
electricity from Farm AD equal to retail grid electric purchases.  Farm AD 
systems have additional benefits of odor and run-off control. 

• A survey of DG program costs shows that administrative costs can vary 
from 2% to 24%.  In this study we assume a base 10% administrative cost 
with a $100,000 first year start up costs and a minimum $20,000 annual 
cost.  This results in a total program cost of $9 million and an 
administrative cost of nearly $1 million over the life of the program, 20 
years. 

Our recommendations are – 
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• Analyze the cost of the Farm AD capacity and determine if it is cost 
effective versus other demand-side management (DSM) and supply-side 
options. 

• If Farm AD is found to be cost effective, develop incentive program 
details, including marketing and outreach as well as program materials and 
assign responsibility for implementation of the program. 

• Regardless of the cost effectiveness of Farm AD, monitor its progress as 
well as the performance and economics of – 

o Small run of the river hydroelectric 

o Onsite Wind Turbine Technology 

o Natural Gas Reciprocation ICE CHP 

• Additional DG technologies that warrant tracking because of their 
potential for improved economics and green house gas mitigation. 

o Solar Dish Stirling technology  

o High temperature Molten Carbonate and Solid Oxide fuel cells 

o Advanced photovoltaics such as multi-junction and dye sensitized 
cells 
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2 Study Objective & Approach 

As part of its 2008 Integrated Resource Plan (IRP), AmerenUE is complying with 
the rules in Chapter 22 of the Missouri Department of Economic Development’s 
Public Service Commission to identify and analyze the cost effectiveness of 
distributed generation (DG) technologies.  More specifically the IRP Rule [4 CSR 
240-22] contains provisions, within the sections governing the identification of 
Demand Side Management measures, for the inclusion of distributed generation 
within the IRP process – 

… The analysis of demand-side resources shall begin with the 
development of a menu of energy efficiency and energy 
management measures that provide broad coverage of— 
(A) All major customer classes, including at least residential, 
commercial, industrial and interruptible; 
(B) All significant decision-makers, including at least those who 
choose building design features and thermal integrity levels, 
equipment and appliance efficiency levels, and utilization levels of 
the energy-using capital stock; 
(C) All major end uses, including at least lighting, refrigeration, 
space cooling, space heating, water heating and motive power; 
and 
(D) Renewable energy sources and energy technologies that 
substitute for electricity at the point of use 
[4 CSR 240-22.050 Demand-Side Resource Analysis] 

AmerenUE contracted with Alternative Energy Systems Consulting, Inc. (AESC) 
to assist in the identification, screening and analysis of DG technologies. 

AESC, in coordination with AmerenUE, developed an approach that included; 
DG technology characterization, screening and market analysis.  In addition, the 
approach included a survey of existing DG programs and development of a 
prototype program for screened technologies.  The following flowchart illustrates 
the approach sequence. 
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Figure 2-1 DG Study Approach 

 

A detailed description of each step and results are presented in the following 
report sections. 
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3 DG Technology Characterization 

The purpose of the technology characterization is to identify candidate DG 
technologies and to determine their performance and economic parameters.  
AESC relied on open literature and interviews of technology manufacturers to 
document the characterization parameters. 

First, AESC established a definition of DG applications to help guide the 
identification of appropriate technologies.  For the purpose of this study DG is 
defined as – 

Generators located and operated on AmerenUE customer 
property to serve customer electric load (a.k.a., self-
generation). 

This definition is compatible with the PSC IRP rules requiring that 
“…technologies [are to be considered] that substitute for electricity at the point of 
use.” 

Working with AmerenUE and using the definition of DG as a guide, AESC 
assembled the following list of DG technologies. 

Table 3-1  Comprehensive DG Technologies 

Reciprocating I/Cs Stirling Engines (fossil fueled) 
Diesel Solar Electric 
Otto (Spark Ignition) Photovoltaics 

Biomass Fuel Generators Dish Stirling 
Farm Based Anaerobic 
Digestion 

Small Wind Turbines 

Small Modular Biomass  Small Hydroelectric 
Gas Turbines Energy Storage 

Micro-Turbines Thermal Energy Storage 
Small Gas Turbines Batteries 

Fuel Cells Flywheels 
Molten Carbonate  
Phosphoric Acid  
Proton Exchange Membrane  
Solid Oxide  

 

Note that the list of DG technologies includes energy storage.  This was included 
because of the potential demand reduction resulting from customer energy 
storage, displacing central power plant capacity. 

The following characteristics were documented for each of the technologies. 
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• Available capacity range & rated minimum load,  

• Operating modes (dispatchability, fuel following, load following, base 
loaded),  

• Useable thermal output for CHP applications,  

• Compatible fuels, including natural gas, landfill gas, digester gas and 
biomass where appropriate. 

• Required installation space, 

• Environmental (emissions characteristics, noise, water consumption, waste 
water production, hazardous materials) 

• Performance characteristics (including net heat rate, expected availability, 
typical forced outage rate, load ramp rate capability, etc.), 

• Economics (installed capital cost, fixed O&M, variable non-fuel O&M, 
power plant life, construction lead time, etc.)  

• Energy storage (stored energy capacity, discharge/charge efficiency, 
stand-by losses, time-to-charge) 

These parameters were compiled into a technology matrix, which is included in 
Appendix A of this report.  This study primarily uses the performance and 
economic parameters to screen and evaluate markets of candidate DG 
technologies. 

The following sections briefly describe each technology. 

3.1 Reciprocating Internal Combustion Engines 

Reciprocating engine generators are similar to the gasoline engines in 
automobiles.  They burn fuel in cylinders that drive pistons to turn a shaft.  
Natural gas fuel engine generators use a spark ignition system to begin the 
combustion process.  Reciprocating engine generators are established 
technologies.  They have made recent improvements in raising energy efficiency 
and reducing air emissions by operating very lean (i.e., high air to fuel ratio).  
Lean burn machines have lower emissions and are more efficient, but are slightly 
more expensive. 

Engine generators can also be used in combined heat and power applications, 
producing useable thermal energy as well as electricity.  Figure 3-1 shows an 
engine generator combined heat and power (CHP) system. 
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Figure 3-1  Waukesha VGF18GSID (280 kW) Reciprocating Engine CHP 

6.2.2 Gas Turbines 

Gas turbine generators are jet engines adapted as stationary power plants.  Some 
gas turbine generators are actually aircraft engines that have been modified to 
drive a generator.  Other gas turbines are designed as industrial stationary power 
plants.  Small gas turbines (<1.5 MW) are conventional technologies and have 
wide application as generators and propulsion systems.  They have low capital 
cost, but are not as efficient as other technologies.  The high temperature waste 
heat makes them ideal for cogeneration applications requiring low or high-
pressure steam.  They require high-pressure natural gas (~100 psig).  Figure 3-2 
shows a Kawasaki GPB151X Gas Turbine. 
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Figure 3-2  Kawasaki GPB151X Gas Turbine Installation 

Microturbines are a smaller version of gas turbines and are similar to automotive 
and auxiliary power unit turbine technology.  Microturbines are typically less than 
500 kW and some are as small as 30 kW.  Most of them have low compressor 
ratios which permit the use of relatively low-pressure natural gas or other gaseous 
fuels, which results in low combustor temperatures reducing the production of 
prompt NOx.  However, low combustor temperature also results in low efficiency.  
Many microturbines are recuperated to improve thermal efficiency. 

Microturbines, like larger gas turbines, are good technologies for combined heat 
and power applications.  Microturbine waste heat can be collected from the 
turbine exhaust (typically after the recuperator) and ducted to a heat exchanger.  
Microturbine waste heat recovery is used to produce hot water for space heating, 
process heating, domestic hot water, and space cooling (with thermally driven 
absorption/adsorption chillers).  Occasionally, microturbine exhaust is directly 
used for process heating, boiler feedwater preheating or combustion air heating. 

An example microturbine is shown in the following figure. 
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Figure 3-3 Ingersoll-Rand 250 kW Microturbine Generating Unit 

3.2 Biomass Fuel Generators 

There is no universally accepted definition of “biomass” fuels.  USDOE appears 
to limit the definition of biomass to “… plant and plant-derived material”1  
However, we expand that definition to - 

Biomass – Material derived from living materials including; wood 
and wood waste (forest thinnings), agricultural crops/residues, 
animal wastes. 

Biomass is a domestic, renewable resource that can be used to generate or 
manufacture electricity, heat, transportation/portable fuels, and other value-added 
products. 

This study specifically focused on onsite sources of biomass fuels including farm 
based anaerobic digestion of animal waste and gasification of agricultural residue. 

Animal waste anaerobic digestion or “Farm AD” systems convert collected waste 
material to a medium BTU biogas.  The resulting biogas is 60% to 70% methane 
(550 to 650 Btu/scf HHV) depending on the type of anaerobic digester technology 
utilized and the type of waste feedstock.  Anaerobic digestion is a biochemical 
process where organic material is broken down by bacteria in an oxygen deprived 
environment resulting primarily in the production of methane and carbon dioxide 
gases. 

                                                           
1 http://www1.eere.energy.gov/biomass/biomass_feedstocks.html 
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There are four primary types of digester technologies; covered lagoons, complete 
mix, plug flow and fixed film.  The characteristics of each technology are 
summarized below. 

Table 3-2 Farm Anaerobic Digester Technology Characteristics2 

 

Digester biogas can be used in any electric generating technology that can utilize 
medium Btu gaseous fuels.  However, reciprocating engine generators are the 
most prevalent technology used with farm anaerobic digester systems. 

Gasification of agricultural residue involves the breaking down of the feedstock 
materials into a combustible gas by heating the feedstock in an oxygen-starved 
environment.  Biomass fuels conducive to gasification include dry materials such 
as wood, charcoal, rice husks and coconut shells.  Gasification is a thermo 
chemical process, versus anaerobic digestion, which is a biological process. 

Biomass gasification systems primarily consist of a reactor into which the 
agricultural residue is fed along with a limited (much less than stoichiometric) 
supply of air.  Heat for gasification is generated through partial combustion of the 
feed material.  The resulting chemical breakdown of the fuel results in a 
combustible gas usually called producer gas.  Producer gas consists of a mixture 
of hydrogen, carbon monoxide, methane, carbon dioxide and nitrogen.  
Depending on the feedstock and specific gasifier design, biomass producer gas 
has a higher heating value of 100 to 150 BTU/scf. 

Smaller biomass gasifiers are typically fixed-bed types.  Larger biomass gasifiers 
are usually fluidized-bed or entrained-flow type.  Fixed-bed reactor types are 

                                                           
2 EPA AgSTAR Handbook, Second Edition 
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characterized by the direction of gas flow through the reactor (upward, 
downward, or horizontal). 

 

Figure 3-4  Types of Biomass Gasifiers3 

                                                           
3 Biomass Technology Group BV  
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3.3 Fuel Cells 

Fuel cells produce electricity 
electrochemically, similar to 
batteries, but fuel cells are 
continuously supplied fuel and 
oxidizer.  Specifically, an 
oxidizer and a fuel are used to 
induce an electrochemical 
reaction, where ionic current 
flows between the cathode and 
anode through the electrolyte, 
and electron current flows from 
the cathode to anode through an 
external load. 

Fuel cells are classified by the type of electrolyte they use.  Although they all may 
be fueled by hydrogen, some fuel cells can use other fuels as well.  Hydrogen fuel 
is typically made within a fuel processor located with the fuel cell power plant 
using natural gas or some other feedstock.  In addition, the direct current 
electricity is converted to line grade alternating current using an inverter.  Early 
commercial fuel cells technologies include the UTC Phosphoric Acid Fuel Cell 
(PAFC, ~200 kW) , the PlugPower Proton Exchange Membrane (PEM, ~10 kW) 
fuel cell, the Fuel Cell Energy Molten Carbonate Fuel Cell (MCFC, ~350 to 1,200 
kW) and the Bloom Energy (a.k.a. Ion America,  ~100 kW) planar Solid Oxide 
Fuel Cell (pSOFC). 

Fuel cell power plants are nearly zero air emission generators and have high fuel 
to electric conversion efficiency (40% to 50%) relative to other generators of 
similar size.  An MCFC power plant is illustrated below. 
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Figure 3-5 Fuel Cell Energy 300 kW Molten Carbonate Fuel cell 

3.4 Stirling Engines (Fossil Fueled) 

The modern Stirling Engine utilizes internal pistons which are supplied heat from 
outside the engine and transferred through heat exchangers to the piston volumes.  
This drives the pistons, resulting in mechanical work that is then converted to 
electricity.  The primary advantage of Stirling Engines is their ability to us any 
source of heat.  The external combustion aspect enables a Stirling Engine to 
operate equally well on multiple types of fuel, such as natural gas, propane, 
biogas, gasoline, diesel, ethanol85, bio-diesel or even heat from the sun. 

One product, Whispergen, is being tested in Australia and Europe as a micro 
combined heat and power system.  This unit utilizes natural gas or propane fuels.  
The Whispergen is not available in the United States. 
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Figure 3-6 WhisperGen 0.85 kW Stirling Generator 

3.5 Solar Electric 

Dish Stirling systems use solar energy to make electricity.  These systems are 
typically 25 kW in size and use a two axis tracking mirrored dish collector to 
focus solar radiation on the Stirling Engine receiver. 

 

 

Figure 3-7 Dish Stirling Technology Testing 

Photovoltaics (PV) directly convert sunlight into direct current (DC) electricity.  
PVs are made of thin semiconductor materials and constructed into individual 
“cells”.  The cells are packaged into modules which are used, in the field, to be 
assembled into arrays.  PV arrays feed direct current electricity to one or more 
inverters to produce line compatible alternating current electricity. 
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Figure 3-8  PV Array and Inverters 

PV systems can be as small as a few watts to over 1 MW in capacity and can be 
installed in grid isolated as well as grid parallel applications. 

3.6 Small Wind Turbines 

Wind power systems use the energy in the wind to turn a rotor that converts the 
winds energy into rotational shaft energy driving a generator.  The nacelle and 
rotor are supported by a tower, which is typically 80 or 120 feet tall.  Smaller 1 
kW to 10 kW wind turbines are used in residential applications.  As a rule of 
thumb a 10 mph or greater wind resource is needed for economic installation of 
this technology in residential applications. 
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Figure 3-9  Small Wind Turbine 

In a grid parallel residential application, the home is served simultaneously by the 
wind turbine and the local utility grid.  Power output increases with increasing 
wind speed.  As with solar electric, wind turbines can be net energy metered, 
which means they are allowed to turn customer meters backwards when 
generating more power than the local load can use. 

A residential wind turbine can be a relatively large device and a property size of 
one acre or more is desirable.  

3.7 Small Hydroelectric 

Hydropower systems use the energy in flowing water to produce electricity.  The 
water flows via channel or penstock to a turbine causing the shaft of the turbine to 
rotate an alternator or generator converting the motion of the shaft into electrical 
energy.  Small hydroelectric plants can be developed at existing dams and in 
connection with river and lake water-level control, and irrigation schemes. 

In this study we primarily focused on run of the river hydroelectric generators.  
"Low head" hydro-electric plants are power plants which generally utilize heads 
of only a few meters or less.  Power plants of this type may utilize a low dam or 
weir to channel water, or no dam and simply use the "run of the river".  Run of the 
river generating stations cannot store water, thus their electric output varies with 
seasonal flows of water in a river.  A large volume of water must pass through a 
low head hydro plant's turbines in order to produce a useful amount of power. 
Hydro-electric facilities with a capacity of less than about 25 MW (1 MW = 
1,000,000 Watts) are generally referred to as "small hydro", although hydro-
electric technology is basically the same regardless of generating capacity. 

Small run-of-river projects are free from many of the environmental problems 
associated with large-scale dam hydropower projects because they use the natural 
flow of the river, and thus produce relatively little change in the stream channel 
and flow. 
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There are three main elements of a run-of-river hydro scheme:  

Intake Structure - The intake structure is a small weir situated high up in the 
river catchment area where a proportion of the river flow is channelled into a 
pipeline that leads down the hillside.  

Penstock - The penstock carries the water down the hillside from the intake to the 
powerhouse.  

Powerhouse - Contains a turbine, generator and transformer that uses the flow of 
the water to generate the electricity which is then fed into the local distribution 
network.  Once the water from the pipeline has passed through the turbine, it is 
returned to the river from which it was taken.  

These elements are illustrated in the following figure. 

 

Figure 3-10  Typical Run of the River Hydroelectric4 

 

3.8 Energy Storage 

Energy storage can be accomplished in many ways.  This study focuses on three 
energy storage technologies; batteries, flywheels and thermal energy storage.  The 

                                                           
4 http://www.hydromaxenergy.com 
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primary value of energy storage is the capability of reducing utility customer peak 
load and shifting it to off-peak periods.  This reduces the electric supply capacity 
necessary to serve those customers. 

3.8.1 Batteries 

Batteries use an electro-chemical reaction used to store electricity.  Types of 
batteries considered appropriate for distributed generation applications include 
flooded lead acid, valve regulated lead acid (VRLA), Nickel Cadmium (NiCd), 
Zinc Bromide (ZnBr) and Vanadium Redox batteries.  Batteries are typically used 
for power portable equipment and uninterruptible power supplies (UPS).  Due to 
its short cycle life its application is primarily for UPS but batteries can be used for 
load shifting.  DG energy storage duration is typically between ½ hour to 4 hours. 

 

Figure 3-11  Utility Scale Battery Energy Storage System 

 

 

Figure 3-12  NaS Peak Shaving Battery System5 

3.8.2 Flywheels 

Flywheel energy storage systems consist of a massive rotating cylinder that is 
substantially supported on a stator by magnetically levitated bearings.  Operated 
in a low vacuum environment to reduce drag, the flywheel is connected to a 

                                                           
5 NGK Insulators, Ltd 



Distributed Generation Evaluation Study for AmerenUE  - November 2007 

Confidential 22 of 140

motor/generator that, through power electronics, operates in parallel with the 
utility grid.  

Flywheel systems are mostly found in power quality applications and usually 
have limited energy storage, ~15 minutes or less. 

 

Figure 3-13  Beacon Flywheel Energy Storage System 

3.8.3 Thermal Energy Storage 

Thermal energy storage (TES) systems shift cooling energy use from on-peak to 
off-peak periods.  They chill storage media such as water, ice, or a phase-change 
material during periods of low cooling demand for use later to meet air-
conditioning loads.  Operating strategies are generally classified as either full 
storage or partial storage, referring to the amount of cooling load transferred from 
on-peak to off-peak.  TES systems are applicable in most commercial and 
industrial facilities, but certain criteria must be met for economic feasibility.  A 
system can be appropriate when maximum cooling load is significantly higher 
than average load.  

TES technology stores chilled water, ice or another phase change material to 
provide space or process cooling during on-peak periods.  A typical system 
consists of tanks that contain water or eutectic salts and are used to produce ice or 
chilled water; and a chiller or other cooling system is used to “charge” the TES 
system during off-peak.   

The heat transfer medium in most TES systems is glycol and the refrigerant is 
cooled by a chiller thereby lending itself to use with larger commercial/industrial 
air conditioning systems. However, a recent addition to the TES market is the Ice 
Bear system.  This is an ice on coil system that utilizes Freon as the refrigerant 
and matching up to light commercial  air conditioning systems.  The Ice Bear uses 
a separate roof top, high efficiency, condensing unit (SEER = 13) to make ice, 
that ties in directly with the refrigerant loop of the existing roof top or split system 
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A/C unit (SEER=10)6.  These systems are smaller in size than most glycol based 
TES systems.  A single Ice Bear unit provides 6 tons of cooling over an 8 hour 
period which equates to 48 ton-hours.  A typical light commercial application 
may have seven of these units on the roof for a total of 336 ton-hours.  A typical 
large commercial building employing a glycol based  TES system would have 
4200 ton-hours of cooling. 

In this study, chilled water, encapsulated ice, internal melt ice (ice on coil), ice 
harvester, and eutectic systems were evaluated. 

 

Figure 3-14  CALMAC Ice-on-Coil Thermal Energy Storage System 

                                                           
6 Estimate of existing rooftop A/C system efficiency.  Based upon a conversation with Gary Kaiser of 
Ice Energy Inc. July 3rd 2007. 
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4 DG Technology Screening 

The characterized DG technologies were then screened based upon the following 
criteria: 

• Technology maturity and commercial availability – Only technologies that 
were commercially available and mature were included in further analysis.  
“Mature” means that the technology could be obtained through normal 
procurement channels and not as part of a research and development, or 
technology demonstration. 

• Fuel availability in AmerenUE’s service territory – Technologies that 
utilized fuels that were not available in AmerenUE’s service territory were 
screened out of the candidate list. 

• Applicability to customer segments; operating characteristics, siting 
requirements, environmental permitting requirements, etc. – Technologies 
not applicable to AmerenUE customers because of customer 
characteristics versus technology attributes, were also screened out. 

• Present value levelized cost ($/kWh) versus customer cost for grid 
electricity – This customer cost will include capital recovery cost, fuel 
cost, non-fuel O&M, and financing cost.  Only technologies whose present 
value levelized cost could be made cost effective for the customer through 
utility rebates or subsidies were screened into the candidate list.  This 
analysis is discussed in more detail in the following section. 

4.1 Customer Economic Analysis 

A key component to the technology screening is the customer economic analysis.  
This analysis is the utility customer’s present value levelized cost of electricity 
($/kWh) assuming they are paying for the equipment, installation, financing, fuel, 
operation and maintenance of the DG technology.  The levelized cost is compared 
to the levelized cost of grid electricity from AmerenUE. 

Included in the DG levelized cost of electricity was – 

• Installed capital cost of the equipment 

• Waste heat credit for CHP applications 

• Financing 

• Property tax 

• Depreciation 

• Fixed & Variable O&M 

• Cost of fuel 
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• Federal investment tax credits were included where appropriate7 

The following financial and escalation assumptions were also used. 

• Natural Gas Fuel Escalation  =  2.5% 

• On-Peak Retail Electric Rate Escalation  =  2.5% 

• Discount Rate  =  5.1% 

• Federal Tax Rate  =  35.0% 

• State Tax Rate  =  6.5% 

• Sales Tax  =  7.6% of Price 

• Property Tax  =  2% of Book Value  

• Boiler Efficiency = 80% 

• Variable O&M Cost Escalation  =  4% 

• Fixed O&M Cost Escalation  =   4% 

• Equity  =  10% 

• Financing Rate  =  8.3% 

Other assumptions (e.g. equipment life, efficiency, etc.) were technology or 
customer type dependent. 

For energy storage technologies, the fuel is off-peak electricity and heat rate for 
the battery and TES technologies was based on the charge/discharge efficiency of 
the system. 

4.2 Rate Analysis 

The screening analysis of the energy storage technologies was conducted using 
the AmerenUE Small Primary Service Rate.  With this rate it is possible under 
Rider E  for customers that are seeking to Self Generate to get Supplementary 
Service in the event their Distributed Generation system goes out of service.  
There is no additional service fee for Supplementary Service. 

4.3 Screening Results 

The technology screening was conducted in two steps.  The first step looked at the 
technology’s commercial availability, fuel availability within AmerenUE’s 
service territory and applicability to AmerenUE customers.  Those results are 
shown in the next table. 

 

                                                           
7  Federal ITC’s are scheduled to sunset end of 2008. 
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Table 4-1  Initial Feasibility Screening of DG Technologies 

DG Technology Assumed 
Fuel 

Assumed 
Configuration 

Commercial 
Availability 

Fuel 
Availability 

Applicability 
to Customers 

Screened-In 
Technologies 

Reciprocating I/Cs       
Diesel Diesel CHP X X X X 
Otto (Spark 
Ignition) Nat. Gas. CHP X X X X 

Biomass Fuel 
Generators       

Farm Based 
Anaerobic 
Digestion 

BioGas Simple Cycle X X X X 

Small Modular 
Biomass  

Producer 
Gas CHP 8 X X X 

Gas Turbines       
Micro-Turbines Nat. Gas. CHP X X X X 
Small Gas 
Turbines Nat. Gas. CHP X X X X 

Fuel Cells       
Molten Carbonate Nat. Gas. CHP X X X X 
Phosphoric Acid Nat. Gas. CHP X X X X 
Proton Exchange 
Membrane Nat. Gas. CHP  X X  
Solid Oxide Nat. Gas. CHP  X X  

Stirling Engines 
(fossil fueled) Nat. Gas. CHP  X X  
Solar Electric       

Photovoltaics Solar Fuel Following X X X X 
Dish Stirling Solar Fuel Following 9 X X X 

Small Wind 
Turbines Wind Fuel Following X X X X 
Small 
Hydroelectric Water Fuel Following X X X X 
Energy Storage       

Thermal Energy 
Storage 

On-Peak 
Electricity Peak Shifting X X X X 

Batteries On-Peak 
Electricity Peak Shifting X X X X 

Flywheels On-Peak 
Electricity Peak Shifting X X X X 

                                                           
8 There is a commercially available agricultural residue gasification system.  However, the manufacturer of that system asked to not be 
included in this analysis.  Without detailed O&M costs, AESC could not perform the levelized cost analysis critical to technology 
identification. 
9 Although there are discussions of utility scale projects, these have not resulted in actual large scale installations yet.  It is our opinion 
that solar dish Stirling technology is in late development and is not yet suitable for mainstream commercial use. 
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The second step in the screening process, the present value levelized cost for each DG 
technology that passed the initial screening was calculated.  That was compared to the 
present value retail electric rate for the type of customer that would utilize the 
technology.  Finally the ratio of present valued DG levelized cost and the retail cost of 
electricity was calculated, rank ordered and charted.  The chart below summarizes the 
results of the present value levelized cost.  Note that CHP analysis included with and 
without thermal energy credits.  Details of the economic analysis can be found in 
Appendix B. 

DG Levelized Cost of Electricity to Retail Cost of Electricity Ratio
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Figure 4-1  Summary of DG Technology Economic Screening 

This analysis reveals that farm based anaerobic systems are closest to cost 
effectiveness.  All other technologies are at least 2.48 times higher than grid 
electric power. 
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5 DG Technology Market Penetration 

As a result of the initial screening, farm based anaerobic digester systems were 
found to be within reach of an incentive program that can effectively increase 
market penetration of the technology.  The next step was the market potential 
analysis and establishing an adoption rate. 

Farm AD is most cost effective in dairy and swine farm operations, where 
collection of manure through wash down is most prevalent.  In addition, dairy 
farms must have a minimum 500 head of cattle and swine farms a minimum 8,000 
head of pigs or hogs.  The 2002 Census of Agriculture10 for Missouri was used to 
determine the number farms and head of animals per farm within AmerenUE’s 
service territory.  The results by county are shown below. 
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Figure 5-1  Farm AD Market Potential by County 

As shown there is approximately 5.2 MW of farm AD generating capacity within 
AmerenUE’s service territory.  Most of the capacity (85%) is in swine farms and 
remaining 15% are in dairy farms. 

Farm AD promotion and incentive programs have reported poor market 
penetration.  There are three farm AD programs currently active; USEPA AgStar 

                                                           
10 Released June 3, 2004, by the National Agricultural Statistics Service (NASS), Agricultural Statistics 
Board, U.S. Department of Agriculture. 
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program, California’s Dairy Power Production Program, and the We Energies 
Biogas Buy-Back Rate.  The EPA program reports a 1% national market 
penetration for the last 13 years and the California program has had 1% California 
market penetration in the last 6 years.  The WE Energies Biogas Buy-Back Rate 
programs reports that 3 digesters have been installed in their territory since the 
rate was introduced last year and none have chosen to take the tariff. 

This poor market adoption rate can be attributed for a number of reasons; 
resistance to incorporate new technologies, perceived risk of the farm AD 
technology, and lack of knowledge regarding farm AD benefits. 

Using the historical performance of existing programs would result in only one 
farm adoption anaerobic digester technology every 20 years.  Instead, for this 
study we chose to develop an adoption curve that reflects an optimistic case.  
While this may appear to be optimistic, the population of target customers is 
relatively small and a focused campaign with the incentive program should be 
able to capture most of these customers. 

We do this by using an S-curve commonly found in adoption models and assign 
scaling factors to the components of the equation.11 

)811/( )/)2/(( TYTHSMp −++=  

Where: 

Mp ≡ Market Penetration, fraction of market potential that has adopted the 
technology 

S ≡ Saturation, maximum expected penetration after the product becomes 
mainstream (i.e. the value that the top of the s-curve will reach) 

H ≡ Hypergrowth, the year that the penetration will be 10% of the saturation 
value, and it will start to grow rapidly. 

T ≡ Takeover Time, period it will take for the product to “catch on”.  The 
assumption in the formula is that this number of years after the start of 
hypergrowth, the product would have reached 90% of the saturation value and 
will start to slow down. 

Y ≡ Year 

For farm AD, we made the follow assumptions.12 

Saturation percentage = 90% 

                                                           
11 This equation is derived from the sigmoid function P(t) = 1 / (1 + e-t) 
12 These assumptions are based on a successful incentive program resulting in a steady and increasing 
adoption rate to 2023. 
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Hypergrowth (year) = 2013 

Takeover Time (years) = 15 
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Figure 5-2  Farm AD Market Adoption Rate 

Note that this leaves about 20% of the market that has not adopted the farm AD 
technology.  This is realistic since some farmers will resist the technology 
regardless of the potential benefits. 
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6 DG Program Survey 

There many renewable and non-renewable on-site generation programs in the 
United States.  Some programs are administered by the state while others by local 
utilities as illustrated in the map below. 

D.C.

Both state & utility/other programs available

State programs available

Utility/other programs available

D.C.

Both state & utility/other programs available

State programs available

Utility/other programs available  

Figure 6-1  U.S. Distributed Generation Incentive Programs13 

Program identification and information gathering was conducted through four 
primary sources – 

• Database of State Incentives for Renewables & Efficiency (DSIRE), 
project of the North Carolina Solar Center and the Interstate Renewable 
Energy Council (IREC) funded by the U.S. Department of Energy.  

• Energy and Environmental Analysis, Inc. (EEA), Regulatory 
Requirements Database for Small Electric Generators  

• DOE, “State, Utility, and Local Distributed Generation Incentives 
Matrix”, June 2004 

• ACEEE, State Opportunities for Action: Update of States’ Combined Heat 
and Power Activities, October 2003 

A comprehensive list of programs may be found in Appendix C.  This list focuses 
on programs administered by investor owned utilities, but includes significant 
programs administered by publicly owned utilities and states. 

Financial incentive programs can be categorized as described below.14 

                                                           
13 www.dsireusa.org 
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• Tax Incentives 
Corporate & personal tax incentives allow corporations to receive credits or deductions 
ranging from 10% to 35% against the cost of equipment or installation to promote 
renewable energy equipment.  In some cases, the incentive decreases over time.  In most 
cases, there is no maximum limit imposed on the amount of the deductible or credit for 
corporations.  However, personal income tax credits may be limited up to a certain 
percentage or predetermined dollar amount for the cost or installation or renewable 
energy equipment.  Eligible technologies may include solar and photovoltaic energy 
systems, geothermal energy, wind energy, biomass, hydroelectric, and alternative fuel 
technologies.  
Property tax incentives typically follow one of three basic structures: exemptions, 
exclusions, and credits. The majority of the property tax provisions for renewable energy 
follow a simple model that provides the added value of the renewable device is not 
included in the valuation of the property for taxation purposes. That is, if a renewable 
energy heating system costs $1,500 to install versus $1000 for a conventional heating 
system, then the renewable energy system is assessed at $1000.  Property taxes are 
collected locally, so some states allow the local authorities the option of providing a 
property tax incentive for renewable energy devices. Six states have such provisions: 
Connecticut, Iowa, Maryland, New Hampshire, Vermont, and Virginia.  
Sales tax incentives typically provide an exemption from the state sales tax for the cost of 
renewable energy equipment.  

• Grant & Rebate Programs  
Some States offer grant programs to encourage the use and development of renewable 
energy technologies.  Most programs offer support for a broad range of renewable energy 
technologies, while some states focus on promoting one particular type of renewable 
energy such as wind technology or alternative fuels.  
Rebate programs are offered at the state, local, and utility levels to promote the 
installation of renewable energy equipment.  Most programs are available from state 
agencies and municipally-owned utilities and support solar water heating and/or 
photovoltaic systems. Eligible sectors usually include residents and businesses, although 
some programs are available to industry, institutions, and government agencies as well. 
Rebates range from $300 to well over $1 million.  

• Industry Recruitment Incentives  
This category focuses on special efforts and programs designed to attract renewable 
energy equipment manufacturers to locate within a state or city. Renewable energy 
industrial recruitment usually consists of financial incentives like tax credits, grants, or a 
commitment to purchase a specific amount of the product for use by a government 
agency. 

• Leasing/Lease Purchase and Loan Programs  
Utility leasing programs target remote power customers for which line extension would 
be very costly.  The customers can lease the technology, e.g., photovoltaics, from the 
utility, and in some cases, the customer can opt to purchase the system after a specified 
number of years.  
Loan programs offer financing for the purchase of renewable energy equipment. Low-
interest or no-interest loans for energy efficiency are a very common strategy for 
demand-side management by utilities. State governments also offer loans to assist in the 
purchase of renewable energy equipment. A broad range of renewable energy 
technologies are eligible. In many states, loans are available to residential, commercial, 

                                                           
14 Summarized from the DSIRE definitions. 
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industrial, transportation, public, and nonprofit sectors. Repayment schedules vary; while 
most are determined on an individual project basis, some offer a 7-10 year loan term.  

• Production Incentives  
Production incentives provide project owners with cash payments based on electricity 
production on a $/kWh basis, as is the case with the Federal Renewable Energy 
Production Incentive, or based on the volume of renewable fuels produced on a $/gallon 
basis, as is the case with a number of state ethanol production incentives.  Payments 
based on performance rather than capital investments can often be a more effective 
mechanism for ensuring quality projects.  

The number of programs by incentive type is summarized in the table below. 

Table 6-1  Number of Programs by Incentive Type 

Incentive Type Federal State & Utility 

Tax Incentives   

Personal Tax 3 28 

Corp. Tax 4 29 

Sales Tax NA 24 

Prop. Tax NA 41 

Rebates & Grants   

Rebates 0 182 

Grants 2 55 

Leases, Loans & Bonds 3 84 

Industry Recruit. 0 12 

Production Incentives 1 33 

 

For Farm AD and the DG technologies that were in the top 20% of the economic 
screening, the most likely incentive program designs are rebated based on 
installed capacity or production incentives (i.e., performance based incentives). 

Capacity based rebate incentives have the advantage of provide needed capital 
early in the operating life of the DG investment.  This is a critical feature for 
program participants who may not have access to significant capital financing.  In 
addition, these types of programs tend to be simpler to administrate.  However, 
lump sum incentives can lead to poor performing systems in later years because 
customers abandon the system or neglect maintenance.  Some programs have 
attempted to mitigate this issue by requiring extended warranties (5 to 10 years) 
for replacement (parts and labor) of all components.15  From the research 

                                                           
15 The California Self-Generation Incentive Program has such a warranty requirement. 
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conducted DG rebate program incentives typically range from $1.00/W to 
$6.25/W depending on program & technology.  Cleaner renewables tend to garner 
the higher rebate incentive rates.  For Thermal Energy Storage the incentive is 
$100/kW to $400/kW of demand reduction. 

Production incentives encourage that DG systems be operated in a manner that 
generates benefits for both the customer and funding ratepayers.  This improves 
the persistence of the technology.  However, production incentives are typically 
paid out over some period of time (some programs are five years or longer).  This 
may limit participants to those who have access to inexpensive capital funding, 
typically limited to large corporations.  Production incentives range from 
$.10/kWh to $.75/kWh depending on program & technology and payout period, 
which can be one to five years. 

There is a huge range in the types of activities and structure of DG incentive 
programs in the US, which results in a large variation in the costs to administer 
such programs.  Administration costs are defined here as the staffing, overhead, 
and other costs needed to oversee and administer the program.  In general, the 
administrative costs increase in relation to the complexity of those programs.  The 
number of allocations a program makes can also increase administrative costs.  
For example, the administrative costs of a program that is used to buy-down many 
small-scale projects would probably be higher than a fund used to support one or 
two large grid-tied renewable projects.  Another factor is economies of scale; 
small programs have fewer economies of scale than very large funds, and 
therefore the proportion of the fund that is spent on administrative costs tends to 
be larger with small funds.  As shown, in the table below, the administrative costs 
can range significantly, 2% to 24%. 

 
Table 6-2  Survey of Program Administrative Costs16 

U.S. 
State  

Amount of 
Program 
Budget  

Description of Programs Funded  # of Full Time 
Employees 
(40 hrs/wk)  

% of Fund 
Spent on 
Admin.  

CA  $135 M  • Tendering process for new renewables  
• Production incentive for existing renewables  
• Rebate program for small scale distributed 
resources  
• Customer rebate for renewable purchases  
• RE education  

13-15  2-3%  

NY  $14 M  • Small scale renewable support  
• Wholesale large scale renewable support  
• Green marketing/customer education  
• Market mechanisms research and analysis  

7-10  7%  

                                                           
16 Wingate, Meredith, “A Survey of the Administrative Costs to Government of Implementing a RPS, 
Feed-in Law, Competitive Tender, and Public Benefits Fund”, Center for Resource Solutions, June 2003 
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U.S. 
State  

Amount of 
Program 
Budget  

Description of Programs Funded  # of Full Time 
Employees 
(40 hrs/wk)  

% of Fund 
Spent on 
Admin.  

OR  $10.2 M  • Wind data collection assistance  
• Grid-tied RE production incentive for wind, solar, 
biomass, geothermal  
• Open-ended solicitation for financial assistance 
related to renewable energy projects  
• Market and resource potential analysis  

2-4  20%  

MA  $26 M  • Green building program (Distributed PV and energy 
efficiency)  
• Premium power (fuel cell support program)  
• Wind development support program  

20-25  24%  
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7 Prototype Incentive Program 

Initial screening of the characterized DG technologies resulted in Farm AD as the 
single DG technology that appears to be a good candidate for incentives to 
increase the number of systems within AmerenUE’s service territory.  Market 
analysis reveals that the potential of Farm AD is approximately 5.2 MW of 
capacity.  Market penetration analysis shows that the number of annual 
installations, optimistically, would be 75 to 375 kW per year over a twenty year 
period. 

The survey of DG incentive programs revealed several types of incentive 
structures including capacity based rebates and production credits.  Both of these 
types of incentive structures are appropriate for Farm AD, however, the capacity 
based incentive is probably best for agricultural customers, because it will 
minimize the amount of debt that the customer needs to carry through the projects 
life. 

To determine the appropriate amount of incentive, the screening calculator was 
modified to include incentives in the calculator.  Sufficient incentives were 
included to make the present value levelized cost of electricity from the Farm DG 
technology equal in cost to grid power.  We believe this is a reasonable approach 
since Farm AD brings additional benefits such as odor and run-off control.  This 
analysis resulted in an incentive amount of approximately $1,665/kW.  The 
analysis is detailed in the following table. 
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Table 7-1  Incentive Calculation for Farm AD Program 
FARM BASED ANAEROBIC DIGESTER 
SPARK IGNITION INTERNAL COMBUSTION ENGINE

Customer Parameters Escalation COSTS

Digester Gas Fuel Cost = $0.00 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5% Principal Payment Interest Variable Fixed

Discount Rate = 5.1% 0 $233,115 $2,098,032 $0 $0 $0 $0 $0 $0 $0 $0 1.000

Federal Tax Rate = 35.0% 1 $0 $2,053,439 $217,680 $173,088 $62,640 $428,700 $81,994 $0 $0 $0 0.951

State Tax Rate = 6.5% 2 $0 $2,005,168 $217,680 $169,409 $62,640 $734,700 $85,273 $0 $0 $0 0.905

Sales Tax = 7.6% of Price 3 $0 $1,952,914 $217,680 $165,426 $62,640 $524,700 $88,684 $0 $0 $0 0.861

Property Tax = 2% of Book Value 4 $0 $1,896,350 $217,680 $161,115 $62,640 $374,700 $92,232 $0 $0 $0 0.820

Boiler Efficiency = 80% 5 $0 $1,835,119 $217,680 $156,449 $62,640 $267,900 $95,921 $0 $0 $0 0.780

6 $0 $1,768,836 $217,680 $151,397 $62,640 $267,600 $99,758 $0 $0 $0 0.742

Grid Electric 7 $0 $1,697,085 $217,680 $145,929 $62,640 $267,900 $103,748 $0 $0 $0 0.706

Externality Adder = $0.000 /kWh 8 $0 $1,619,415 $217,680 $140,010 $62,640 $133,800 $107,898 $0 $0 $0 0.672

9 $0 $1,535,337 $217,680 $133,602 $62,640 $0 $112,214 $0 $0 $0 0.639

Self Gen Parameters 10 $0 $1,444,322 $217,680 $126,665 $62,640 $0 $116,702 $0 $0 $0 0.608

Plant Capacity = 500 kW 11 $0 $1,345,798 $217,680 $119,157 $62,640 $0 $121,371 $0 $0 $0 0.579

Installed Capital Cost = $6,000 /kW 12 $0 $1,239,147 $217,680 $111,028 $62,640 $0 $126,225 $0 $0 $0 0.551

Variable O&M Costs = $0.020 /kWh 4% 13 $0 $1,123,697 $217,680 $102,230 $62,640 $0 $131,274 $0 $0 $0 0.524

Fixed O&M Costs = $0 /kW-yr 4% 14 $0 $998,722 $217,680 $92,705 $62,640 $0 $136,525 $0 $0 $0 0.498

Generator Heat Rate = 11,000 Btu/kWh 15 $0 $863,436 $217,680 $82,395 $62,640 $0 $141,986 $0 $0 $0 0.474

Heat Recovery = 2,571 Btu/kWh 16 $0 $716,990 $217,680 $71,233 $62,640 $0 $147,666 $0 $0 $0 0.451

Capacity Factor = 90% of potential 17 $0 $558,461 $217,680 $59,152 $62,640 $0 $153,572 $0 $0 $0 0.429

Generation Sold = 0% of production 18 $0 $386,854 $217,680 $46,073 $62,640 $0 $159,715 $0 $0 $0 0.408

Plant Life = 20 years 19 $0 $201,090 $217,680 $31,915 $62,640 $0 $166,104 $0 $0 $0 0.389

Self Gen Externality = $0.000 /kWh 20 $0 ($0) $217,680 $16,590 $62,640 $0 $172,748 $0 $0 $0 0.370

Boiler Externality = $0.000 /kWh 21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

Financing 23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

Equity  = 10% 24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

Financing Rate = 8.3% 25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

Loan Term = 20 Years 26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

Tax Incentives 28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp) 29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

Investment Tax Credit = $0 30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

Book Life = 7 years PV= $233,115 $2,689,919 $1,550,180 $774,056 $1,414,481 $0 $0 $0

Program Incentives BENEFITS

Buy Down = $1,665 /kW
PBI = $0.000 /kWH 5 yrs Federal State

Program Costs = $1,000,998 0 $832,500 $0 $0 $0 $0 $0 1.000

1 $0 $0 $150,045 $27,866 $0 $213,341 0.951

Operational Results 2 $0 $0 $257,145 $47,756 $0 $218,675 0.905

Electric Generated = 3,942,000 kWh/yr 208138 3 $0 $0 $183,645 $34,106 $0 $224,141 0.861

Electric Sold = 0 4 $0 $0 $131,145 $24,356 $0 $229,745 0.820

Electric Avoided = 3,942,000 5 $0 $0 $93,765 $17,414 $0 $235,489 0.780

Generator Fuel = 43,362 MMBtu/yr 6 $0 $0 $93,660 $17,394 $0 $241,376 0.742

TER = 0.75 7 $0 $0 $93,765 $17,414 $0 $247,410 0.706

FER = 2.90 8 $0 $0 $46,830 $8,697 $0 $253,595 0.672

T/T' = 0.62 PURPA minimum 9 $0 $0 $0 $0 $0 $259,935 0.639

Generator Fuel Cost = $0 /yr 10 $0 $0 $0 $0 $0 $266,434 0.608

Avoided Boiler Fuel = 7,840 MMBtu/yr 11 $0 $0 $0 $0 $0 $273,095 0.579

Avd Boiler Fuel Cost = $0 /yr 12 $0 $0 $0 $0 $0 $279,922 0.551

13 $0 $0 $0 $0 $0 $286,920 0.524

Cost of Electricity 14 $0 $0 $0 $0 $0 $294,093 0.498

Cost = $5,111,570 15 $0 $0 $0 $0 $0 $301,445 0.474

Benefit = $1,877,696 16 $0 $0 $0 $0 $0 $308,981 0.451

Net Cost = $3,233,875 17 $0 $0 $0 $0 $0 $316,706 0.429

COE = $0.0410 18 $0 $0 $0 $0 $0 $324,624 0.408

19 $0 $0 $0 $0 $0 $332,739 0.389

Present Value of Grid Electric 20 $0 $0 $0 $0 $0 $341,058 0.370

Avoided Grid Electric = $3,233,506 21 $0 $0 $0 $0 $0 $0 0.352

PV Grid Rate = $0.0410 22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $832,500 $0 $881,490 $163,705 $0 $3,233,506

PV 
Factor

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor

Depreciation

O&M

Fuel

Avoided Grid 
Electric

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax

 

Also assuming that the administrative costs are 10% of the total program costs, 
the first year administrative cost is $100,000 and the bare minimum 
administrative cost in any year is $20,000, the total cost over the life of the 
program is nearly $9 million and administrative costs nearly $1 million. 
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Farm AD Program Costs & Fleet Capacity
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Figure 7-1  Program and Administrative Costs 
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8 Conclusions & Recommendations 

Due to the low cost of retail electricity in AmerenUE’s service territory many DG 
technology options failed to be competitive and were screened out with levelized 
cost of electricity to retail cost of electricity ratios of 2.48 or higher.  Farm Based 
Anaerobic Digestion was the most competitive of the DG technologies with a 
levelized cost of electricity of $0.0658/kWh and a levelized cost of electricity to 
retail cost of electricity ratio of 1.60.  Further analysis was conducted around the 
development of this DG option in Ameren UE service territory. Below are the 
conclusions of this study. 

• Farm AD systems are the best DG candidate for an incentive program 
within AmerenUE’s service territory. 

• The market potential for Farm AD systems within AmerenUE’s service 
territory is 5.2 MW, most of which is at swine farms. 

• We believe the best program design is a capacity based lump sum 
incentive paid upon project completion and startup. 

• An incentive of approximately $1,665/kW is 28% of the installed capital 
cost and will make the levelized cost of electricity from Farm AD equal to 
retail grid electric purchases.  Farm AD systems have additional benefits 
of odor and run-off control. 

• A survey of DG program costs shows that administrative costs can vary 
from 2% to 24%.  In this study we assume a base 10% administrative cost 
with a $100,000 first year start up costs and a minimum $20,000 annual 
cost.  This results in a total program cost of $9 million and an 
administrative cost of nearly $1 million over the life of the program, 
which is assumed to be 20 years. 

Our recommendations are – 

• Analyze the cost of the Farm AD capacity and determine if it is cost 
effective versus other demand-side management (DSM) and supply-side 
options. 

• If Farm AD is found to be cost effective, develop incentive program 
details, including market and outreach, program materials and assign 
responsibility for implementation of the program. 

• Regardless of the present cost effectiveness of Farm AD, monitor its 
progress as well as the performance and economics of – 

o Small run of the river hydroelectric plants 

o Onsite Wind Turbine Technology 
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o Natural Gas Reciprocating Internal Combustion Engine Combined 
Heat and Power applications 

• Additional DG technologies that warrant tracking because of their 
potential for improved economics and green house gas mitigation. 

o Solar Dish Stirling technology 

o High temperature Molten Carbonate and Solid Oxide fuel cells 

o Advanced photovoltaics such as multi-junction and dye sensitized 
cells
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Appendix A – DG Technology Characteristic Matrix 
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Appendix B – DG Technology Screening   
RESIDENTIAL 
PHOTOVOLTAIC

Customer Parameters Escalation
Solar Fuel Cost = $0.00 /MMBtu 2.5%

Retail Electric Rate = $0.0652 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 2.5 kW

Installed Capital Cost = $11,000 /kW
Variable O&M Costs = $0.001 /kWh 4%

Fixed O&M Costs = $168 /kW-yr 4%
Generator Heat Rate = 0 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 18% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 10 Years

Tax Incentives
Int. Deduct. Or Dep. = 1 (1=Resid, 0=Corp)

Investment Tax Credit = $2,000 30%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 3,942 kWh/yr

Electric Sold = 0
Electric Avoided = 3,942

Generator Fuel = 0 MMBtu/yr
TER = 0.00
FER = 0.00
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $0 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $45,804

Benefit = $10,212
Net Cost = $35,592

COE = $0.4514 /kWh

Present Value of Grid Electric
Avoided Grid Electric = $3,993

PV Grid Rate = $0.0506 /kWh
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COSTS

Principal Payment Interest Variable Fixed

0 $2,958 $26,619 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $24,803 $4,012 $2,196 $574 $0 $4 $437 $0 $0 0.951

2 $0 $22,837 $4,012 $2,046 $574 $0 $4 $454 $0 $0 0.905

3 $0 $20,710 $4,012 $1,884 $574 $0 $4 $472 $0 $0 0.861

4 $0 $18,406 $4,012 $1,709 $574 $0 $5 $491 $0 $0 0.820

5 $0 $15,913 $4,012 $1,519 $574 $0 $5 $511 $0 $0 0.780

6 $0 $13,214 $4,012 $1,313 $574 $0 $5 $531 $0 $0 0.742

7 $0 $10,292 $4,012 $1,090 $574 $0 $5 $553 $0 $0 0.706

8 $0 $7,130 $4,012 $849 $574 $0 $5 $575 $0 $0 0.672

9 $0 $3,706 $4,012 $588 $574 $0 $6 $598 $0 $0 0.639

10 $0 ($0) $4,012 $306 $574 $0 $6 $622 $0 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $6 $647 $0 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $6 $672 $0 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $7 $699 $0 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $7 $727 $0 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $7 $756 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $7 $787 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $8 $818 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $8 $851 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $8 $885 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $9 $920 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $2,958 $30,828 $11,025 $4,412 $71 $7,535 $0 $0

PV 
FactorDepreciation

O&M

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $2,970 $2,180 $0 $263 0.951

2 $0 $0 $917 $170 $0 $270 0.905

3 $0 $0 $860 $160 $0 $277 0.861

4 $0 $0 $799 $148 $0 $284 0.820

5 $0 $0 $732 $136 $0 $291 0.780

6 $0 $0 $660 $123 $0 $298 0.742

7 $0 $0 $583 $108 $0 $306 0.706

8 $0 $0 $498 $93 $0 $313 0.672

9 $0 $0 $407 $76 $0 $321 0.639

10 $0 $0 $308 $57 $0 $329 0.608

11 $0 $0 ($0) ($0) $0 $337 0.579

12 $0 $0 ($0) ($0) $0 $346 0.551

13 $0 $0 ($0) ($0) $0 $354 0.524

14 $0 $0 ($0) ($0) $0 $363 0.498

15 $0 $0 ($0) ($0) $0 $372 0.474

16 $0 $0 ($0) ($0) $0 $382 0.451

17 $0 $0 ($0) ($0) $0 $391 0.429

18 $0 $0 ($0) ($0) $0 $401 0.408

19 $0 $0 ($0) ($0) $0 $411 0.389

20 $0 $0 $0 $0 $0 $421 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $7,306 $2,906 $0 $3,993

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL
PHOTOVOLTAIC

Customer Parameters Escalation
Solar Fuel Cost = $0.00 /MMBtu 2.5%

Retail Electric Rate = $0.0528 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 10,000 kW

Installed Capital Cost = $8,670 /kW
Variable O&M Costs = $0.001 /kWh 4%

Fixed O&M Costs = $168 /kW-yr 4%
Generator Heat Rate = 0 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 18% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $26,010,000 30%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 15,768,000 kWh/yr

Electric Sold = 0
Electric Avoided = 15,768,000

Generator Fuel = 0 MMBtu/yr
TER = 0.00
FER = 0.00
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $0 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $169,715,590

Benefit = $46,719,477
Net Cost = $122,996,113

COE = $0.3900 /kWh

Present Value of Grid Electric
Avoided Grid Electric = $12,934,022

PV Grid Rate = $0.0410 /kWh
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COSTS

Principal Payment Interest Variable Fixed

0 $9,324,585 $83,921,265 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $82,137,571 $8,707,198 $6,923,504 $1,810,296 $12,138,000 $16,399 $1,747,200 $0 $0 0.951

2 $0 $80,206,722 $8,707,198 $6,776,350 $1,810,296 $19,420,800 $17,055 $1,817,088 $0 $0 0.905

3 $0 $78,116,579 $8,707,198 $6,617,055 $1,810,296 $11,652,480 $17,737 $1,889,772 $0 $0 0.861

4 $0 $75,853,998 $8,707,198 $6,444,618 $1,810,296 $6,991,488 $18,446 $1,965,362 $0 $0 0.820

5 $0 $73,404,755 $8,707,198 $6,257,955 $1,810,296 $6,991,488 $19,184 $2,043,977 $0 $0 0.780

6 $0 $70,753,449 $8,707,198 $6,055,892 $1,810,296 $3,495,744 $19,952 $2,125,736 $0 $0 0.742

7 $0 $67,883,410 $8,707,198 $5,837,160 $1,810,296 $0 $20,750 $2,210,765 $0 $0 0.706

8 $0 $64,776,593 $8,707,198 $5,600,381 $1,810,296 $0 $21,580 $2,299,196 $0 $0 0.672

9 $0 $61,413,464 $8,707,198 $5,344,069 $1,810,296 $0 $22,443 $2,391,164 $0 $0 0.639

10 $0 $57,772,876 $8,707,198 $5,066,611 $1,810,296 $0 $23,340 $2,486,810 $0 $0 0.608

11 $0 $53,831,940 $8,707,198 $4,766,262 $1,810,296 $0 $24,274 $2,586,283 $0 $0 0.579

12 $0 $49,565,877 $8,707,198 $4,441,135 $1,810,296 $0 $25,245 $2,689,734 $0 $0 0.551

13 $0 $44,947,863 $8,707,198 $4,089,185 $1,810,296 $0 $26,255 $2,797,323 $0 $0 0.524

14 $0 $39,948,864 $8,707,198 $3,708,199 $1,810,296 $0 $27,305 $2,909,216 $0 $0 0.498

15 $0 $34,537,447 $8,707,198 $3,295,781 $1,810,296 $0 $28,397 $3,025,585 $0 $0 0.474

16 $0 $28,679,588 $8,707,198 $2,849,339 $1,810,296 $0 $29,533 $3,146,608 $0 $0 0.451

17 $0 $22,338,455 $8,707,198 $2,366,066 $1,810,296 $0 $30,714 $3,272,473 $0 $0 0.429

18 $0 $15,474,180 $8,707,198 $1,842,923 $1,810,296 $0 $31,943 $3,403,372 $0 $0 0.408

19 $0 $8,043,601 $8,707,198 $1,276,620 $1,810,296 $0 $33,221 $3,539,507 $0 $0 0.389

20 $0 ($0) $8,707,198 $663,597 $1,810,296 $0 $34,550 $3,681,087 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $9,324,585 $107,596,740 $62,007,197 $22,370,221 $282,896 $30,141,148 $0 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $30,258,300 $788,970 $0 $853,364 0.951

2 $0 $0 $6,797,280 $1,262,352 $0 $874,698 0.905

3 $0 $0 $4,078,368 $757,411 $0 $896,566 0.861

4 $0 $0 $2,447,021 $454,447 $0 $918,980 0.820

5 $0 $0 $2,447,021 $454,447 $0 $941,954 0.780

6 $0 $0 $1,223,510 $227,223 $0 $965,503 0.742

7 $0 $0 $0 $0 $0 $989,641 0.706

8 $0 $0 $0 $0 $0 $1,014,382 0.672

9 $0 $0 $0 $0 $0 $1,039,741 0.639

10 $0 $0 $0 $0 $0 $1,065,735 0.608

11 $0 $0 $0 $0 $0 $1,092,378 0.579

12 $0 $0 $0 $0 $0 $1,119,688 0.551

13 $0 $0 $0 $0 $0 $1,147,680 0.524

14 $0 $0 $0 $0 $0 $1,176,372 0.498

15 $0 $0 $0 $0 $0 $1,205,781 0.474

16 $0 $0 $0 $0 $0 $1,235,926 0.451

17 $0 $0 $0 $0 $0 $1,266,824 0.429

18 $0 $0 $0 $0 $0 $1,298,494 0.408

19 $0 $0 $0 $0 $0 $1,330,957 0.389

20 $0 $0 $0 $0 $0 $1,364,231 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $43,278,139 $3,441,338 $0 $12,934,022

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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RESIDENTIAL
WIND TURBINE

Customer Parameters Escalation
Wind Fuel Cost = $0.00 /MMBtu 2.5%

Retail Electric Rate = $0.0652 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 2 kW

Installed Capital Cost = $8,300 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $8 /kW-yr 4%
Generator Heat Rate = 0 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 25% of potential
Generation Sold = 0% of production

Plant Life = 25 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 1 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 3,942 kWh/yr

Electric Sold = 0
Electric Avoided = 3,942

Generator Fuel = 0 MMBtu/yr
TER = 0.00
FER = 0.00
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $0 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $24,298

Benefit = $6,034
Net Cost = $18,264

COE = $0.1853

Present Value of Grid Electric
Avoided Grid Electric = $4,716

PV Grid Rate = $0.0479
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COSTS

Principal Payment Interest Variable Fixed

0 $1,607 $14,461 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $14,154 $1,500 $1,193 $312 $0 $0 $14 $0 $0 0.951

2 $0 $13,821 $1,500 $1,168 $312 $0 $0 $15 $0 $0 0.905

3 $0 $13,461 $1,500 $1,140 $312 $0 $0 $15 $0 $0 0.861

4 $0 $13,071 $1,500 $1,111 $312 $0 $0 $16 $0 $0 0.820

5 $0 $12,649 $1,500 $1,078 $312 $0 $0 $16 $0 $0 0.780

6 $0 $12,192 $1,500 $1,044 $312 $0 $0 $17 $0 $0 0.742

7 $0 $11,698 $1,500 $1,006 $312 $0 $0 $18 $0 $0 0.706

8 $0 $11,162 $1,500 $965 $312 $0 $0 $18 $0 $0 0.672

9 $0 $10,583 $1,500 $921 $312 $0 $0 $19 $0 $0 0.639

10 $0 $9,955 $1,500 $873 $312 $0 $0 $20 $0 $0 0.608

11 $0 $9,276 $1,500 $821 $312 $0 $0 $21 $0 $0 0.579

12 $0 $8,541 $1,500 $765 $312 $0 $0 $22 $0 $0 0.551

13 $0 $7,745 $1,500 $705 $312 $0 $0 $22 $0 $0 0.524

14 $0 $6,884 $1,500 $639 $312 $0 $0 $23 $0 $0 0.498

15 $0 $5,951 $1,500 $568 $312 $0 $0 $24 $0 $0 0.474

16 $0 $4,942 $1,500 $491 $312 $0 $0 $25 $0 $0 0.451

17 $0 $3,849 $1,500 $408 $312 $0 $0 $26 $0 $0 0.429

18 $0 $2,666 $1,500 $318 $312 $0 $0 $27 $0 $0 0.408

19 $0 $1,386 $1,500 $220 $312 $0 $0 $28 $0 $0 0.389

20 $0 ($0) $1,500 $114 $312 $0 $0 $30 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $31 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $32 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $33 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $35 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $36 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $1,607 $18,541 $10,685 $3,855 $0 $295 $0 $0

PV 
FactorDepreciation

O&M

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $527 $98 $0 $263 0.951

2 $0 $0 $518 $96 $0 $270 0.905

3 $0 $0 $508 $94 $0 $277 0.861

4 $0 $0 $498 $92 $0 $284 0.820

5 $0 $0 $487 $90 $0 $291 0.780

6 $0 $0 $474 $88 $0 $298 0.742

7 $0 $0 $461 $86 $0 $306 0.706

8 $0 $0 $447 $83 $0 $313 0.672

9 $0 $0 $431 $80 $0 $321 0.639

10 $0 $0 $415 $77 $0 $329 0.608

11 $0 $0 $397 $74 $0 $337 0.579

12 $0 $0 $377 $70 $0 $346 0.551

13 $0 $0 $356 $66 $0 $354 0.524

14 $0 $0 $333 $62 $0 $363 0.498

15 $0 $0 $308 $57 $0 $372 0.474

16 $0 $0 $281 $52 $0 $382 0.451

17 $0 $0 $252 $47 $0 $391 0.429

18 $0 $0 $220 $41 $0 $401 0.408

19 $0 $0 $186 $35 $0 $411 0.389

20 $0 $0 $149 $28 $0 $421 0.370

21 $0 $0 ($0) ($0) $0 $432 0.352

22 $0 $0 ($0) ($0) $0 $442 0.335

23 $0 $0 ($0) ($0) $0 $454 0.319

24 $0 $0 ($0) ($0) $0 $465 0.303

25 $0 $0 $0 $0 $0 $476 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $5,089 $945 $0 $4,716

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL
WIND TURBINE

Customer Parameters Escalation
Wind Fuel Cost = $13.53 /MMBtu 2.5%

Retail Electric Rate = $0.0528 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 100 kW

Installed Capital Cost = $4,000 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $80 /kW-yr 4%
Generator Heat Rate = 0 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 25% of potential
Generation Sold = 0% of production

Plant Life = 25 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 219,000 kWh/yr

Electric Sold = 0
Electric Avoided = 219,000

Generator Fuel = 0 MMBtu/yr
TER = 0.00
FER = 0.00
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $0 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $817,572

Benefit = $144,812
Net Cost = $672,760

COE = $0.1229

Present Value of Grid Electric
Avoided Grid Electric = $212,156

PV Grid Rate = $0.0387
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COSTS

Principal Payment Interest Variable Fixed

0 $43,020 $387,180 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $378,951 $40,172 $31,942 $8,352 $80,000 $0 $8,320 $0 $0 0.951

2 $0 $370,043 $40,172 $31,263 $8,352 $128,000 $0 $8,653 $0 $0 0.905

3 $0 $360,399 $40,172 $30,529 $8,352 $76,800 $0 $8,999 $0 $0 0.861

4 $0 $349,961 $40,172 $29,733 $8,352 $46,080 $0 $9,359 $0 $0 0.820

5 $0 $338,661 $40,172 $28,872 $8,352 $46,080 $0 $9,733 $0 $0 0.780

6 $0 $326,429 $40,172 $27,940 $8,352 $23,040 $0 $10,123 $0 $0 0.742

7 $0 $313,188 $40,172 $26,930 $8,352 $0 $0 $10,527 $0 $0 0.706

8 $0 $298,854 $40,172 $25,838 $8,352 $0 $0 $10,949 $0 $0 0.672

9 $0 $283,338 $40,172 $24,655 $8,352 $0 $0 $11,386 $0 $0 0.639

10 $0 $266,542 $40,172 $23,375 $8,352 $0 $0 $11,842 $0 $0 0.608

11 $0 $248,360 $40,172 $21,990 $8,352 $0 $0 $12,316 $0 $0 0.579

12 $0 $228,678 $40,172 $20,490 $8,352 $0 $0 $12,808 $0 $0 0.551

13 $0 $207,372 $40,172 $18,866 $8,352 $0 $0 $13,321 $0 $0 0.524

14 $0 $184,308 $40,172 $17,108 $8,352 $0 $0 $13,853 $0 $0 0.498

15 $0 $159,342 $40,172 $15,205 $8,352 $0 $0 $14,408 $0 $0 0.474

16 $0 $132,316 $40,172 $13,146 $8,352 $0 $0 $14,984 $0 $0 0.451

17 $0 $103,061 $40,172 $10,916 $8,352 $0 $0 $15,583 $0 $0 0.429

18 $0 $71,392 $40,172 $8,503 $8,352 $0 $0 $16,207 $0 $0 0.408

19 $0 $37,110 $40,172 $5,890 $8,352 $0 $0 $16,855 $0 $0 0.389

20 $0 ($0) $40,172 $3,062 $8,352 $0 $0 $17,529 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $18,230 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $18,959 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $19,718 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $20,506 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $21,327 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $43,020 $496,409 $286,077 $103,207 $0 $174,935 $0 $0

PV 
FactorDepreciation

O&M

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $28,000 $5,200 $0 $11,852 0.951

2 $0 $0 $44,800 $8,320 $0 $12,149 0.905

3 $0 $0 $26,880 $4,992 $0 $12,452 0.861

4 $0 $0 $16,128 $2,995 $0 $12,764 0.820

5 $0 $0 $16,128 $2,995 $0 $13,083 0.780

6 $0 $0 $8,064 $1,498 $0 $13,410 0.742

7 $0 $0 $0 $0 $0 $13,745 0.706

8 $0 $0 $0 $0 $0 $14,089 0.672

9 $0 $0 $0 $0 $0 $14,441 0.639

10 $0 $0 $0 $0 $0 $14,802 0.608

11 $0 $0 $0 $0 $0 $15,172 0.579

12 $0 $0 $0 $0 $0 $15,551 0.551

13 $0 $0 $0 $0 $0 $15,940 0.524

14 $0 $0 $0 $0 $0 $16,338 0.498

15 $0 $0 $0 $0 $0 $16,747 0.474

16 $0 $0 $0 $0 $0 $17,166 0.451

17 $0 $0 $0 $0 $0 $17,595 0.429

18 $0 $0 $0 $0 $0 $18,035 0.408

19 $0 $0 $0 $0 $0 $18,486 0.389

20 $0 $0 $0 $0 $0 $18,948 0.370

21 $0 $0 $0 $0 $0 $19,421 0.352

22 $0 $0 $0 $0 $0 $19,907 0.335

23 $0 $0 $0 $0 $0 $20,405 0.319

24 $0 $0 $0 $0 $0 $20,915 0.303

25 $0 $0 $0 $0 $0 $21,438 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $122,131 $22,681 $0 $212,156

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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INDUSTRIAL
SMALL HYDRO

Customer Parameters Escalation
Hydro Fuel Cost = $0.00 /MMBtu 2.5%

Retail Electric Rate = $0.0393 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 10,000 kW

Installed Capital Cost = $3,500 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $98 /kW-yr 4%
Generator Heat Rate = 0 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 40% of potential
Generation Sold = 0% of production

Plant Life = 30 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 35,040,000 kWh/yr

Electric Sold = 0
Electric Avoided = 35,040,000

Generator Fuel = 0 MMBtu/yr
TER = 0.00
FER = 0.00
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $0 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $81,310,371

Benefit = $10,078,895
Net Cost = $71,231,475

COE = $0.0678 /kWh

Present Value of Grid Electric
Avoided Grid Electric = $28,682,421

PV Grid Rate = $0.0273 /kWh
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COSTS

Principal Payment Interest Variable Fixed

0 $3,764,250 $33,878,250 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $33,158,189 $3,515,017 $2,794,956 $730,800 $1,750,000 $0 $1,019,200 $0 $0 0.951

2 $0 $32,378,723 $3,515,017 $2,735,551 $730,800 $3,325,000 $0 $1,059,968 $0 $0 0.905

3 $0 $31,534,951 $3,515,017 $2,671,245 $730,800 $2,992,500 $0 $1,102,367 $0 $0 0.861

4 $0 $30,621,568 $3,515,017 $2,601,633 $730,800 $2,695,000 $0 $1,146,461 $0 $0 0.820

5 $0 $29,632,831 $3,515,017 $2,526,279 $730,800 $2,425,500 $0 $1,192,320 $0 $0 0.780

6 $0 $28,562,523 $3,515,017 $2,444,709 $730,800 $2,180,500 $0 $1,240,013 $0 $0 0.742

7 $0 $27,403,914 $3,515,017 $2,356,408 $730,800 $2,065,000 $0 $1,289,613 $0 $0 0.706

8 $0 $26,149,720 $3,515,017 $2,260,823 $730,800 $2,065,000 $0 $1,341,198 $0 $0 0.672

9 $0 $24,792,056 $3,515,017 $2,157,352 $730,800 $2,068,500 $0 $1,394,846 $0 $0 0.639

10 $0 $23,322,384 $3,515,017 $2,045,345 $730,800 $2,065,000 $0 $1,450,639 $0 $0 0.608

11 $0 $21,731,464 $3,515,017 $1,924,097 $730,800 $2,068,500 $0 $1,508,665 $0 $0 0.579

12 $0 $20,009,293 $3,515,017 $1,792,846 $730,800 $2,065,000 $0 $1,569,012 $0 $0 0.551

13 $0 $18,145,043 $3,515,017 $1,650,767 $730,800 $2,068,500 $0 $1,631,772 $0 $0 0.524

14 $0 $16,126,992 $3,515,017 $1,496,966 $730,800 $2,065,000 $0 $1,697,043 $0 $0 0.498

15 $0 $13,942,453 $3,515,017 $1,330,477 $730,800 $2,068,500 $0 $1,764,925 $0 $0 0.474

16 $0 $11,577,688 $3,515,017 $1,150,252 $730,800 $1,032,500 $0 $1,835,522 $0 $0 0.451

17 $0 $9,017,831 $3,515,017 $955,159 $730,800 $0 $0 $1,908,942 $0 $0 0.429

18 $0 $6,246,785 $3,515,017 $743,971 $730,800 $0 $0 $1,985,300 $0 $0 0.408

19 $0 $3,247,129 $3,515,017 $515,360 $730,800 $0 $0 $2,064,712 $0 $0 0.389

20 $0 ($0) $3,515,017 $267,888 $730,800 $0 $0 $2,147,301 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $2,233,193 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $2,322,520 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $2,415,421 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $2,512,038 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $2,612,520 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $2,717,020 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $2,825,701 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $2,938,729 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $3,056,278 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $3,178,530 $0 $0 0.225

PV= $3,764,250 $43,435,824 $25,031,740 $9,030,654 $0 $25,079,643 $0 $0

PV 
FactorDepreciation

O&M

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $612,500 $113,750 $0 $1,411,499 0.951

2 $0 $0 $1,163,750 $216,125 $0 $1,446,786 0.905

3 $0 $0 $1,047,375 $194,513 $0 $1,482,956 0.861

4 $0 $0 $943,250 $175,175 $0 $1,520,030 0.820

5 $0 $0 $848,925 $157,658 $0 $1,558,031 0.780

6 $0 $0 $763,175 $141,733 $0 $1,596,981 0.742

7 $0 $0 $722,750 $134,225 $0 $1,636,906 0.706

8 $0 $0 $722,750 $134,225 $0 $1,677,829 0.672

9 $0 $0 $723,975 $134,453 $0 $1,719,774 0.639

10 $0 $0 $722,750 $134,225 $0 $1,762,769 0.608

11 $0 $0 $723,975 $134,453 $0 $1,806,838 0.579

12 $0 $0 $722,750 $134,225 $0 $1,852,009 0.551

13 $0 $0 $723,975 $134,453 $0 $1,898,309 0.524

14 $0 $0 $722,750 $134,225 $0 $1,945,767 0.498

15 $0 $0 $723,975 $134,453 $0 $1,994,411 0.474

16 $0 $0 $361,375 $67,113 $0 $2,044,271 0.451

17 $0 $0 $0 $0 $0 $2,095,378 0.429

18 $0 $0 $0 $0 $0 $2,147,762 0.408

19 $0 $0 $0 $0 $0 $2,201,456 0.389

20 $0 $0 $0 $0 $0 $2,256,493 0.370

21 $0 $0 $0 $0 $0 $2,312,905 0.352

22 $0 $0 $0 $0 $0 $2,370,728 0.335

23 $0 $0 $0 $0 $0 $2,429,996 0.319

24 $0 $0 $0 $0 $0 $2,490,746 0.303

25 $0 $0 $0 $0 $0 $2,553,015 0.288

26 $0 $0 $0 $0 $0 $2,616,840 0.274

27 $0 $0 $0 $0 $0 $2,682,261 0.261

28 $0 $0 $0 $0 $0 $2,749,317 0.248

29 $0 $0 $0 $0 $0 $2,818,050 0.236

30 $0 $0 $0 $0 $0 $2,888,502 0.225

PV= $0 $0 $8,500,273 $1,578,622 $0 $28,682,421

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL
SPARK IGNITION INTERNAL COMBUSTION ENGINE
 WITHOUT THERMAL CREDIT
Customer Parameters Escalation

Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 1,000 kW

Installed Capital Cost = $2,410 /kW
Variable O&M Costs = $0.009 /kWh 4%

Fixed O&M Costs = $4 /kW-yr 4%
Generator Heat Rate = 10,035 Btu/kWh

Heat Recovery = 3,700 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 5,256,000 kWh/yr

Electric Sold = 0
Electric Avoided = 5,256,000

Generator Fuel = 52,744 MMBtu/yr
TER = 1.08
FER = 2.65
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $712,043 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $15,807,087

Benefit = $694,004
Net Cost = $15,113,083

COE = $0.1438

Present Value of Grid Electric
Avoided Grid Electric = $4,311,341

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $259,196 $2,332,760 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $2,283,178 $242,034 $192,453 $50,321 $120,500 $46,463 $4,160 $729,845 $0 0.951

2 $0 $2,229,506 $242,034 $188,362 $50,321 $228,950 $48,322 $4,326 $748,091 $0 0.905

3 $0 $2,171,407 $242,034 $183,934 $50,321 $206,055 $50,254 $4,499 $766,793 $0 0.861

4 $0 $2,108,514 $242,034 $179,141 $50,321 $185,570 $52,265 $4,679 $785,963 $0 0.820

5 $0 $2,040,432 $242,034 $173,952 $50,321 $167,013 $54,355 $4,867 $805,612 $0 0.780

6 $0 $1,966,734 $242,034 $168,336 $50,321 $150,143 $56,529 $5,061 $825,752 $0 0.742

7 $0 $1,886,955 $242,034 $162,256 $50,321 $142,190 $58,791 $5,264 $846,396 $0 0.706

8 $0 $1,800,595 $242,034 $155,674 $50,321 $142,190 $61,142 $5,474 $867,556 $0 0.672

9 $0 $1,707,110 $242,034 $148,549 $50,321 $142,431 $63,588 $5,693 $889,245 $0 0.639

10 $0 $1,605,913 $242,034 $140,837 $50,321 $142,190 $66,131 $5,921 $911,476 $0 0.608

11 $0 $1,496,366 $242,034 $132,488 $50,321 $142,431 $68,777 $6,158 $934,263 $0 0.579

12 $0 $1,377,783 $242,034 $123,450 $50,321 $142,190 $71,528 $6,404 $957,619 $0 0.551

13 $0 $1,249,416 $242,034 $113,667 $50,321 $142,431 $74,389 $6,660 $981,560 $0 0.524

14 $0 $1,110,459 $242,034 $103,077 $50,321 $142,190 $77,364 $6,927 $1,006,099 $0 0.498

15 $0 $960,037 $242,034 $91,613 $50,321 $142,431 $80,459 $7,204 $1,031,251 $0 0.474

16 $0 $797,207 $242,034 $79,203 $50,321 $71,095 $83,677 $7,492 $1,057,033 $0 0.451

17 $0 $620,942 $242,034 $65,770 $50,321 $0 $87,024 $7,792 $1,083,458 $0 0.429

18 $0 $430,136 $242,034 $51,228 $50,321 $0 $90,505 $8,103 $1,110,545 $0 0.408

19 $0 $223,588 $242,034 $35,486 $50,321 $0 $94,126 $8,427 $1,138,308 $0 0.389

20 $0 $0 $242,034 $18,446 $50,321 $0 $97,891 $8,764 $1,166,766 $0 0.370

21 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.225

PV= $259,196 $2,990,867 $1,723,614 $621,825 $801,539 $71,765 $11,061,896 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $42,175 $7,833 $0 $284,455 0.951

2 $0 $0 $80,133 $14,882 $0 $291,566 0.905

3 $0 $0 $72,119 $13,394 $0 $298,855 0.861

4 $0 $0 $64,950 $12,062 $0 $306,327 0.820

5 $0 $0 $58,455 $10,856 $0 $313,985 0.780

6 $0 $0 $52,550 $9,759 $0 $321,834 0.742

7 $0 $0 $49,767 $9,242 $0 $329,880 0.706

8 $0 $0 $49,767 $9,242 $0 $338,127 0.672

9 $0 $0 $49,851 $9,258 $0 $346,580 0.639

10 $0 $0 $49,767 $9,242 $0 $355,245 0.608

11 $0 $0 $49,851 $9,258 $0 $364,126 0.579

12 $0 $0 $49,767 $9,242 $0 $373,229 0.551

13 $0 $0 $49,851 $9,258 $0 $382,560 0.524

14 $0 $0 $49,767 $9,242 $0 $392,124 0.498

15 $0 $0 $49,851 $9,258 $0 $401,927 0.474

16 $0 $0 $24,883 $4,621 $0 $411,975 0.451

17 $0 $0 $0 $0 $0 $422,275 0.429

18 $0 $0 $0 $0 $0 $432,831 0.408

19 $0 $0 $0 $0 $0 $443,652 0.389

20 $0 $0 $0 $0 $0 $454,744 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $585,305 $108,699 $0 $4,311,341

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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COMMERCIAL
SPARK IGNITION INTERNAL COMBUSTION ENGINE

Customer Parameters Escalation
Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 1,000 kW

Installed Capital Cost = $2,410 /kW
Variable O&M Costs = $0.009 /kWh 4%

Fixed O&M Costs = $4 /kW-yr 4%
Generator Heat Rate = 10,035 Btu/kWh

Heat Recovery = 3,700 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 5,256,000 kWh/yr

Electric Sold = 0
Electric Avoided = 5,256,000

Generator Fuel = 52,744 MMBtu/yr
TER = 1.08
FER = 2.65
T/T' = 0.23 PURPA minimum

Generator Fuel Cost = $712,043 /yr
Avoided Boiler Fuel = 5,603 MMBtu/yr

Avd Boiler Fuel Cost = $75,637 /yr

Cost of Electricity
Cost = $15,807,087

Benefit = $1,869,055
Net Cost = $13,938,032

COE = $0.1326

Present Value of Grid Electric
Avoided Grid Electric = $4,311,341

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $259,196 $2,332,760 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $2,283,178 $242,034 $192,453 $50,321 $120,500 $46,463 $4,160 $729,845 $0 0.951

2 $0 $2,229,506 $242,034 $188,362 $50,321 $228,950 $48,322 $4,326 $748,091 $0 0.905

3 $0 $2,171,407 $242,034 $183,934 $50,321 $206,055 $50,254 $4,499 $766,793 $0 0.861

4 $0 $2,108,514 $242,034 $179,141 $50,321 $185,570 $52,265 $4,679 $785,963 $0 0.820

5 $0 $2,040,432 $242,034 $173,952 $50,321 $167,013 $54,355 $4,867 $805,612 $0 0.780

6 $0 $1,966,734 $242,034 $168,336 $50,321 $150,143 $56,529 $5,061 $825,752 $0 0.742

7 $0 $1,886,955 $242,034 $162,256 $50,321 $142,190 $58,791 $5,264 $846,396 $0 0.706

8 $0 $1,800,595 $242,034 $155,674 $50,321 $142,190 $61,142 $5,474 $867,556 $0 0.672

9 $0 $1,707,110 $242,034 $148,549 $50,321 $142,431 $63,588 $5,693 $889,245 $0 0.639

10 $0 $1,605,913 $242,034 $140,837 $50,321 $142,190 $66,131 $5,921 $911,476 $0 0.608

11 $0 $1,496,366 $242,034 $132,488 $50,321 $142,431 $68,777 $6,158 $934,263 $0 0.579

12 $0 $1,377,783 $242,034 $123,450 $50,321 $142,190 $71,528 $6,404 $957,619 $0 0.551

13 $0 $1,249,416 $242,034 $113,667 $50,321 $142,431 $74,389 $6,660 $981,560 $0 0.524

14 $0 $1,110,459 $242,034 $103,077 $50,321 $142,190 $77,364 $6,927 $1,006,099 $0 0.498

15 $0 $960,037 $242,034 $91,613 $50,321 $142,431 $80,459 $7,204 $1,031,251 $0 0.474

16 $0 $797,207 $242,034 $79,203 $50,321 $71,095 $83,677 $7,492 $1,057,033 $0 0.451

17 $0 $620,942 $242,034 $65,770 $50,321 $0 $87,024 $7,792 $1,083,458 $0 0.429

18 $0 $430,136 $242,034 $51,228 $50,321 $0 $90,505 $8,103 $1,110,545 $0 0.408

19 $0 $223,588 $242,034 $35,486 $50,321 $0 $94,126 $8,427 $1,138,308 $0 0.389

20 $0 $0 $242,034 $18,446 $50,321 $0 $97,891 $8,764 $1,166,766 $0 0.370

21 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.225

PV= $259,196 $2,990,867 $1,723,614 $621,825 $801,539 $71,765 $11,061,896 $0

Self Gen 
Externality 

Adder
PV 

Factor

O&M

FuelDepreciationYear Capital

Financing/Recovery

Property Tax
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $77,528 $42,175 $7,833 $0 $284,455 0.951

2 $0 $79,466 $80,133 $14,882 $0 $291,566 0.905

3 $0 $81,453 $72,119 $13,394 $0 $298,855 0.861

4 $0 $83,489 $64,950 $12,062 $0 $306,327 0.820

5 $0 $85,576 $58,455 $10,856 $0 $313,985 0.780

6 $0 $87,716 $52,550 $9,759 $0 $321,834 0.742

7 $0 $89,908 $49,767 $9,242 $0 $329,880 0.706

8 $0 $92,156 $49,767 $9,242 $0 $338,127 0.672

9 $0 $94,460 $49,851 $9,258 $0 $346,580 0.639

10 $0 $96,822 $49,767 $9,242 $0 $355,245 0.608

11 $0 $99,242 $49,851 $9,258 $0 $364,126 0.579

12 $0 $101,723 $49,767 $9,242 $0 $373,229 0.551

13 $0 $104,266 $49,851 $9,258 $0 $382,560 0.524

14 $0 $106,873 $49,767 $9,242 $0 $392,124 0.498

15 $0 $109,545 $49,851 $9,258 $0 $401,927 0.474

16 $0 $112,283 $24,883 $4,621 $0 $411,975 0.451

17 $0 $115,090 $0 $0 $0 $422,275 0.429

18 $0 $117,968 $0 $0 $0 $432,831 0.408

19 $0 $120,917 $0 $0 $0 $443,652 0.389

20 $0 $123,940 $0 $0 $0 $454,744 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $1,175,051 $585,305 $108,699 $0 $4,311,341

Avoided 
Externality PV Factor

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits
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COMMERCIAL
COMPRESSION IGNITION INTERNAL COMBUSTION ENGINE 
WITHOUT THERMAL CREDITS
Customer Parameters Escalation

Diesel Fuel Cost = $19.93 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 1,000 kW

Installed Capital Cost = $600 /kW
Variable O&M Costs = $0.011 /kWh 4%

Fixed O&M Costs = $14 /kW-yr 4%
Generator Heat Rate = 10,854 Btu/kWh

Heat Recovery = 3,237 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 5,256,000 kWh/yr

Electric Sold = 0
Electric Avoided = 5,256,000

Generator Fuel = 57,049 MMBtu/yr
TER = 0.95
FER = 2.86
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $1,136,979 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $19,915,868

Benefit = $172,781
Net Cost = $19,743,087

COE = $0.1878

Present Value of Grid Electric
Avoided Grid Electric = $4,311,341

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $64,530 $580,770 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $568,426 $60,257 $47,914 $12,528 $30,000 $60,129 $14,560 $1,165,404 $0 0.951

2 $0 $555,064 $60,257 $46,895 $12,528 $57,000 $62,534 $15,142 $1,194,539 $0 0.905

3 $0 $540,599 $60,257 $45,793 $12,528 $51,300 $65,035 $15,748 $1,224,402 $0 0.861

4 $0 $524,941 $60,257 $44,599 $12,528 $46,200 $67,637 $16,378 $1,255,012 $0 0.820

5 $0 $507,991 $60,257 $43,308 $12,528 $41,580 $70,342 $17,033 $1,286,387 $0 0.780

6 $0 $489,643 $60,257 $41,909 $12,528 $37,380 $73,156 $17,714 $1,318,547 $0 0.742

7 $0 $469,781 $60,257 $40,396 $12,528 $35,400 $76,082 $18,423 $1,351,511 $0 0.706

8 $0 $448,281 $60,257 $38,757 $12,528 $35,400 $79,125 $19,160 $1,385,299 $0 0.672

9 $0 $425,007 $60,257 $36,983 $12,528 $35,460 $82,290 $19,926 $1,419,931 $0 0.639

10 $0 $399,812 $60,257 $35,063 $12,528 $35,400 $85,582 $20,723 $1,455,429 $0 0.608

11 $0 $372,539 $60,257 $32,985 $12,528 $35,460 $89,005 $21,552 $1,491,815 $0 0.579

12 $0 $343,016 $60,257 $30,734 $12,528 $35,400 $92,565 $22,414 $1,529,110 $0 0.551

13 $0 $311,058 $60,257 $28,299 $12,528 $35,460 $96,268 $23,311 $1,567,338 $0 0.524

14 $0 $276,463 $60,257 $25,662 $12,528 $35,400 $100,119 $24,243 $1,606,522 $0 0.498

15 $0 $239,013 $60,257 $22,808 $12,528 $35,460 $104,123 $25,213 $1,646,685 $0 0.474

16 $0 $198,475 $60,257 $19,719 $12,528 $17,700 $108,288 $26,222 $1,687,852 $0 0.451

17 $0 $154,591 $60,257 $16,374 $12,528 $0 $112,620 $27,271 $1,730,048 $0 0.429

18 $0 $107,088 $60,257 $12,754 $12,528 $0 $117,125 $28,361 $1,773,299 $0 0.408

19 $0 $55,665 $60,257 $8,835 $12,528 $0 $121,810 $29,496 $1,817,632 $0 0.389

20 $0 $0 $60,257 $4,592 $12,528 $0 $126,682 $30,676 $1,863,073 $0 0.370

21 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.225

PV= $64,530 $744,614 $429,116 $154,811 $1,037,286 $251,176 $17,663,451 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $10,500 $1,950 $0 $284,455 0.951

2 $0 $0 $19,950 $3,705 $0 $291,566 0.905

3 $0 $0 $17,955 $3,335 $0 $298,855 0.861

4 $0 $0 $16,170 $3,003 $0 $306,327 0.820

5 $0 $0 $14,553 $2,703 $0 $313,985 0.780

6 $0 $0 $13,083 $2,430 $0 $321,834 0.742

7 $0 $0 $12,390 $2,301 $0 $329,880 0.706

8 $0 $0 $12,390 $2,301 $0 $338,127 0.672

9 $0 $0 $12,411 $2,305 $0 $346,580 0.639

10 $0 $0 $12,390 $2,301 $0 $355,245 0.608

11 $0 $0 $12,411 $2,305 $0 $364,126 0.579

12 $0 $0 $12,390 $2,301 $0 $373,229 0.551

13 $0 $0 $12,411 $2,305 $0 $382,560 0.524

14 $0 $0 $12,390 $2,301 $0 $392,124 0.498

15 $0 $0 $12,411 $2,305 $0 $401,927 0.474

16 $0 $0 $6,195 $1,151 $0 $411,975 0.451

17 $0 $0 $0 $0 $0 $422,275 0.429

18 $0 $0 $0 $0 $0 $432,831 0.408

19 $0 $0 $0 $0 $0 $443,652 0.389

20 $0 $0 $0 $0 $0 $454,744 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $145,719 $27,062 $0 $4,311,341

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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COMMERCIAL
COMPRESSION IGNITION INTERNAL COMBUSTION ENGINE

Customer Parameters Escalation
Diesel Fuel Cost = $19.93 /MMBtu 2.5%

Retail Electric Rate = $0.0528 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 1,000 kW

Installed Capital Cost = $600 /kW
Variable O&M Costs = $0.011 /kWh 4%

Fixed O&M Costs = $14 /kW-yr 4%
Generator Heat Rate = 10,854 Btu/kWh

Heat Recovery = 3,237 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 5,256,000 kWh/yr

Electric Sold = 0
Electric Avoided = 5,256,000

Generator Fuel = 57,049 MMBtu/yr
TER = 0.95
FER = 2.86
T/T' = 0.46 PURPA minimum

Generator Fuel Cost = $1,136,979 /yr
Avoided Boiler Fuel = 9,719 MMBtu/yr

Avd Boiler Fuel Cost = $193,701 /yr

Cost of Electricity
Cost = $19,915,868

Benefit = $3,182,008
Net Cost = $16,733,860

COE = $0.1592

Present Value of Grid Electric
Avoided Grid Electric = $4,311,341

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $64,530 $580,770 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $568,426 $60,257 $47,914 $12,528 $30,000 $60,129 $14,560 $1,165,404 $0 0.951

2 $0 $555,064 $60,257 $46,895 $12,528 $57,000 $62,534 $15,142 $1,194,539 $0 0.905

3 $0 $540,599 $60,257 $45,793 $12,528 $51,300 $65,035 $15,748 $1,224,402 $0 0.861

4 $0 $524,941 $60,257 $44,599 $12,528 $46,200 $67,637 $16,378 $1,255,012 $0 0.820

5 $0 $507,991 $60,257 $43,308 $12,528 $41,580 $70,342 $17,033 $1,286,387 $0 0.780

6 $0 $489,643 $60,257 $41,909 $12,528 $37,380 $73,156 $17,714 $1,318,547 $0 0.742

7 $0 $469,781 $60,257 $40,396 $12,528 $35,400 $76,082 $18,423 $1,351,511 $0 0.706

8 $0 $448,281 $60,257 $38,757 $12,528 $35,400 $79,125 $19,160 $1,385,299 $0 0.672

9 $0 $425,007 $60,257 $36,983 $12,528 $35,460 $82,290 $19,926 $1,419,931 $0 0.639

10 $0 $399,812 $60,257 $35,063 $12,528 $35,400 $85,582 $20,723 $1,455,429 $0 0.608

11 $0 $372,539 $60,257 $32,985 $12,528 $35,460 $89,005 $21,552 $1,491,815 $0 0.579

12 $0 $343,016 $60,257 $30,734 $12,528 $35,400 $92,565 $22,414 $1,529,110 $0 0.551

13 $0 $311,058 $60,257 $28,299 $12,528 $35,460 $96,268 $23,311 $1,567,338 $0 0.524

14 $0 $276,463 $60,257 $25,662 $12,528 $35,400 $100,119 $24,243 $1,606,522 $0 0.498

15 $0 $239,013 $60,257 $22,808 $12,528 $35,460 $104,123 $25,213 $1,646,685 $0 0.474

16 $0 $198,475 $60,257 $19,719 $12,528 $17,700 $108,288 $26,222 $1,687,852 $0 0.451

17 $0 $154,591 $60,257 $16,374 $12,528 $0 $112,620 $27,271 $1,730,048 $0 0.429

18 $0 $107,088 $60,257 $12,754 $12,528 $0 $117,125 $28,361 $1,773,299 $0 0.408

19 $0 $55,665 $60,257 $8,835 $12,528 $0 $121,810 $29,496 $1,817,632 $0 0.389

20 $0 $0 $60,257 $4,592 $12,528 $0 $126,682 $30,676 $1,863,073 $0 0.370

21 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 0.225

PV= $64,530 $744,614 $429,116 $154,811 $1,037,286 $251,176 $17,663,451 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $198,544 $10,500 $1,950 $0 $284,455 0.951

2 $0 $203,507 $19,950 $3,705 $0 $291,566 0.905

3 $0 $208,595 $17,955 $3,335 $0 $298,855 0.861

4 $0 $213,810 $16,170 $3,003 $0 $306,327 0.820

5 $0 $219,155 $14,553 $2,703 $0 $313,985 0.780

6 $0 $224,634 $13,083 $2,430 $0 $321,834 0.742

7 $0 $230,250 $12,390 $2,301 $0 $329,880 0.706

8 $0 $236,006 $12,390 $2,301 $0 $338,127 0.672

9 $0 $241,906 $12,411 $2,305 $0 $346,580 0.639

10 $0 $247,954 $12,390 $2,301 $0 $355,245 0.608

11 $0 $254,152 $12,411 $2,305 $0 $364,126 0.579

12 $0 $260,506 $12,390 $2,301 $0 $373,229 0.551

13 $0 $267,019 $12,411 $2,305 $0 $382,560 0.524

14 $0 $273,694 $12,390 $2,301 $0 $392,124 0.498

15 $0 $280,537 $12,411 $2,305 $0 $401,927 0.474

16 $0 $287,550 $6,195 $1,151 $0 $411,975 0.451

17 $0 $294,739 $0 $0 $0 $422,275 0.429

18 $0 $302,107 $0 $0 $0 $432,831 0.408

19 $0 $309,660 $0 $0 $0 $443,652 0.389

20 $0 $317,402 $0 $0 $0 $454,744 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $3,009,227 $145,719 $27,062 $0 $4,311,341

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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FARM BASED ANAEROBIC DIGESTER 
SPARK IGNITION INTERNAL COMBUSTION ENGINE

Customer Parameters Escalation
Digester Gas Fuel Cost = $0.00 /MMBtu 2.5%

Retail Electric Rate = $0.0528 /kWh 2.5%
Discount Rate = 5.1%

Federal Tax Rate = 35.0%
State Tax Rate = 6.5%

Sales Tax = 7.6% of Price
Property Tax = 2% of Book Value

Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 500 kW

Installed Capital Cost = $6,000 /kW
Variable O&M Costs = $0.020 /kWh 4%

Fixed O&M Costs = $0 /kW-yr 4%
Generator Heat Rate = 11,000 Btu/kWh

Heat Recovery = 2,571 Btu/kWh
Capacity Factor = 90% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 7 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 3,942,000 kWh/yr 208138

Electric Sold = 0
Electric Avoided = 3,942,000

Generator Fuel = 43,362 MMBtu/yr
TER = 0.75
FER = 2.90
T/T' = 0.62 PURPA minimum

Generator Fuel Cost = $0 /yr
Avoided Boiler Fuel = 7,840 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $6,234,258

Benefit = $1,045,196
Net Cost = $5,189,062

COE = $0.0658

Present Value of Grid Electric
Avoided Grid Electric = $3,233,506

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $322,650 $2,903,850 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $2,842,130 $301,287 $239,568 $62,640 $428,700 $81,994 $0 $0 $0 0.951

2 $0 $2,775,319 $301,287 $234,476 $62,640 $734,700 $85,273 $0 $0 $0 0.905

3 $0 $2,702,996 $301,287 $228,964 $62,640 $524,700 $88,684 $0 $0 $0 0.861

4 $0 $2,624,706 $301,287 $222,997 $62,640 $374,700 $92,232 $0 $0 $0 0.820

5 $0 $2,539,957 $301,287 $216,538 $62,640 $267,900 $95,921 $0 $0 $0 0.780

6 $0 $2,448,216 $301,287 $209,546 $62,640 $267,600 $99,758 $0 $0 $0 0.742

7 $0 $2,348,907 $301,287 $201,978 $62,640 $267,900 $103,748 $0 $0 $0 0.706

8 $0 $2,241,405 $301,287 $193,785 $62,640 $133,800 $107,898 $0 $0 $0 0.672

9 $0 $2,125,033 $301,287 $184,916 $62,640 $0 $112,214 $0 $0 $0 0.639

10 $0 $1,999,061 $301,287 $175,315 $62,640 $0 $116,702 $0 $0 $0 0.608

11 $0 $1,862,697 $301,287 $164,923 $62,640 $0 $121,371 $0 $0 $0 0.579

12 $0 $1,715,082 $301,287 $153,672 $62,640 $0 $126,225 $0 $0 $0 0.551

13 $0 $1,555,289 $301,287 $141,494 $62,640 $0 $131,274 $0 $0 $0 0.524

14 $0 $1,382,314 $301,287 $128,311 $62,640 $0 $136,525 $0 $0 $0 0.498

15 $0 $1,195,067 $301,287 $114,041 $62,640 $0 $141,986 $0 $0 $0 0.474

16 $0 $992,373 $301,287 $98,593 $62,640 $0 $147,666 $0 $0 $0 0.451

17 $0 $772,957 $301,287 $81,871 $62,640 $0 $153,572 $0 $0 $0 0.429

18 $0 $535,439 $301,287 $63,769 $62,640 $0 $159,715 $0 $0 $0 0.408

19 $0 $278,325 $301,287 $44,174 $62,640 $0 $166,104 $0 $0 $0 0.389

20 $0 ($0) $301,287 $22,962 $62,640 $0 $172,748 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $322,650 $3,723,071 $2,145,578 $774,056 $1,414,481 $0 $0 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $150,045 $27,866 $0 $213,341 0.951

2 $0 $0 $257,145 $47,756 $0 $218,675 0.905

3 $0 $0 $183,645 $34,106 $0 $224,141 0.861

4 $0 $0 $131,145 $24,356 $0 $229,745 0.820

5 $0 $0 $93,765 $17,414 $0 $235,489 0.780

6 $0 $0 $93,660 $17,394 $0 $241,376 0.742

7 $0 $0 $93,765 $17,414 $0 $247,410 0.706

8 $0 $0 $46,830 $8,697 $0 $253,595 0.672

9 $0 $0 $0 $0 $0 $259,935 0.639

10 $0 $0 $0 $0 $0 $266,434 0.608

11 $0 $0 $0 $0 $0 $273,095 0.579

12 $0 $0 $0 $0 $0 $279,922 0.551

13 $0 $0 $0 $0 $0 $286,920 0.524

14 $0 $0 $0 $0 $0 $294,093 0.498

15 $0 $0 $0 $0 $0 $301,445 0.474

16 $0 $0 $0 $0 $0 $308,981 0.451

17 $0 $0 $0 $0 $0 $316,706 0.429

18 $0 $0 $0 $0 $0 $324,624 0.408

19 $0 $0 $0 $0 $0 $332,739 0.389

20 $0 $0 $0 $0 $0 $341,058 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $881,490 $163,705 $0 $3,233,506

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL
MICROTURBINE WITHOUT THERMAL CREDIT

Customer Parameters Escalation
Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 100 kW

Installed Capital Cost = $3,330 /kW
Variable O&M Costs = $0.015 /kWh 4%

Fixed O&M Costs = $0 /kW-yr 4%
Generator Heat Rate = 13,127 Btu/kWh

Heat Recovery = 4,660 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 10 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 10 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $33,300 10%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 525,600 kWh/yr

Electric Sold = 0
Electric Avoided = 525,600

Generator Fuel = 6,900 MMBtu/yr
TER = 1.37
FER = 3.46
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $93,144 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $1,350,650

Benefit = $140,185
Net Cost = $1,210,465

COE = $0.2303

Present Value of Grid Electric
Avoided Grid Electric = $242,426

PV Grid Rate = $0.0461
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COSTS

Principal Payment Interest Variable Fixed

0 $35,814 $322,327 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $300,340 $48,579 $26,592 $6,953 $59,940 $8,199 $0 $95,473 $0 0.951

2 $0 $276,539 $48,579 $24,778 $6,953 $95,904 $8,527 $0 $97,859 $0 0.905

3 $0 $250,774 $48,579 $22,814 $6,953 $57,542 $8,868 $0 $100,306 $0 0.861

4 $0 $222,883 $48,579 $20,689 $6,953 $34,525 $9,223 $0 $102,813 $0 0.820

5 $0 $192,692 $48,579 $18,388 $6,953 $34,525 $9,592 $0 $105,384 $0 0.780

6 $0 $160,010 $48,579 $15,897 $6,953 $17,263 $9,976 $0 $108,018 $0 0.742

7 $0 $124,631 $48,579 $13,201 $6,953 $0 $10,375 $0 $110,719 $0 0.706

8 $0 $86,334 $48,579 $10,282 $6,953 $0 $10,790 $0 $113,487 $0 0.672

9 $0 $44,877 $48,579 $7,123 $6,953 $0 $11,221 $0 $116,324 $0 0.639

10 $0 ($0) $48,579 $3,702 $6,953 $0 $11,670 $0 $119,232 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $35,814 $373,302 $133,504 $53,430 $74,441 $0 $813,663 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $54,279 $3,896 $0 $28,445 0.951

2 $0 $0 $33,566 $6,234 $0 $29,157 0.905

3 $0 $0 $20,140 $3,740 $0 $29,886 0.861

4 $0 $0 $12,084 $2,244 $0 $30,633 0.820

5 $0 $0 $12,084 $2,244 $0 $31,398 0.780

6 $0 $0 $6,042 $1,122 $0 $32,183 0.742

7 $0 $0 $0 $0 $0 $32,988 0.706

8 $0 $0 $0 $0 $0 $33,813 0.672

9 $0 $0 $0 $0 $0 $34,658 0.639

10 $0 $0 $0 $0 $0 $35,524 0.608

11 $0 $0 $0 $0 $0 $0 0.579

12 $0 $0 $0 $0 $0 $0 0.551

13 $0 $0 $0 $0 $0 $0 0.524

14 $0 $0 $0 $0 $0 $0 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $123,191 $16,994 $0 $242,426

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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COMMERCIAL
MICROTURBINE

Customer Parameters Escalation
Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 100 kW

Installed Capital Cost = $3,330 /kW
Variable O&M Costs = $0.015 /kWh 4%

Fixed O&M Costs = $0 /kW-yr 4%
Generator Heat Rate = 13,127 Btu/kWh

Heat Recovery = 4,660 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 10 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 10 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $33,300 10%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 525,600 kWh/yr

Electric Sold = 0
Electric Avoided = 525,600

Generator Fuel = 6,900 MMBtu/yr
TER = 1.37
FER = 3.46
T/T' = 0.69 PURPA minimum

Generator Fuel Cost = $93,144 /yr
Avoided Boiler Fuel = 2,114 MMBtu/yr

Avd Boiler Fuel Cost = $28,543 /yr

Cost of Electricity
Cost = $1,350,650

Benefit = $389,527
Net Cost = $961,123

COE = $0.1829

Present Value of Grid Electric
Avoided Grid Electric = $242,426

PV Grid Rate = $0.0461
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COSTS

Principal Payment Interest Variable Fixed

0 $35,814 $322,327 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $300,340 $48,579 $26,592 $6,953 $59,940 $8,199 $0 $95,473 $0 0.951

2 $0 $276,539 $48,579 $24,778 $6,953 $95,904 $8,527 $0 $97,859 $0 0.905

3 $0 $250,774 $48,579 $22,814 $6,953 $57,542 $8,868 $0 $100,306 $0 0.861

4 $0 $222,883 $48,579 $20,689 $6,953 $34,525 $9,223 $0 $102,813 $0 0.820

5 $0 $192,692 $48,579 $18,388 $6,953 $34,525 $9,592 $0 $105,384 $0 0.780

6 $0 $160,010 $48,579 $15,897 $6,953 $17,263 $9,976 $0 $108,018 $0 0.742

7 $0 $124,631 $48,579 $13,201 $6,953 $0 $10,375 $0 $110,719 $0 0.706

8 $0 $86,334 $48,579 $10,282 $6,953 $0 $10,790 $0 $113,487 $0 0.672

9 $0 $44,877 $48,579 $7,123 $6,953 $0 $11,221 $0 $116,324 $0 0.639

10 $0 ($0) $48,579 $3,702 $6,953 $0 $11,670 $0 $119,232 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $35,814 $373,302 $133,504 $53,430 $74,441 $0 $813,663 $0
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $29,257 $54,279 $3,896 $0 $28,445 0.951

2 $0 $29,988 $33,566 $6,234 $0 $29,157 0.905

3 $0 $30,738 $20,140 $3,740 $0 $29,886 0.861

4 $0 $31,507 $12,084 $2,244 $0 $30,633 0.820

5 $0 $32,294 $12,084 $2,244 $0 $31,398 0.780

6 $0 $33,102 $6,042 $1,122 $0 $32,183 0.742

7 $0 $33,929 $0 $0 $0 $32,988 0.706

8 $0 $34,777 $0 $0 $0 $33,813 0.672

9 $0 $35,647 $0 $0 $0 $34,658 0.639

10 $0 $36,538 $0 $0 $0 $35,524 0.608

11 $0 $0 $0 $0 $0 $0 0.579

12 $0 $0 $0 $0 $0 $0 0.551

13 $0 $0 $0 $0 $0 $0 0.524

14 $0 $0 $0 $0 $0 $0 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $249,342 $123,191 $16,994 $0 $242,426

Avoided Grid 
ElectricYear

Program 
Incentives
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Externality PV Factor
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INDUSTRIAL
GAS TURBINE WITHOUT THERMAL CREDIT

Customer Parameters Escalation
Nat. Gas Fuel Cost = $11.80 /MMBtu 2.5%
Retail Electric Rate = $0.0393 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 10,000 kW

Installed Capital Cost = $3,070 /kW
Variable O&M Costs = $0.005 /kWh 4%

Fixed O&M Costs = $8 /kW-yr 4%
Generator Heat Rate = 11,765 Btu/kWh

Heat Recovery = 4,650 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 52,560,000 kWh/yr

Electric Sold = 0
Electric Avoided = 52,560,000

Generator Fuel = 618,368 MMBtu/yr
TER = 1.36
FER = 3.10
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $7,296,747 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $168,269,462

Benefit = $8,840,631
Net Cost = $159,428,831

COE = $0.1517

Present Value of Grid Electric
Avoided Grid Electric = $32,090,093

PV Grid Rate = $0.0305
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COSTS

Principal Payment Interest Variable Fixed

0 $3,301,785 $29,716,065 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $29,084,469 $3,083,172 $2,451,575 $641,016 $1,535,000 $245,981 $78,000 $7,479,166 $0 0.951

2 $0 $28,400,766 $3,083,172 $2,399,469 $641,016 $2,916,500 $255,820 $81,120 $7,666,145 $0 0.905

3 $0 $27,660,657 $3,083,172 $2,343,063 $641,016 $2,624,850 $266,053 $84,365 $7,857,799 $0 0.861

4 $0 $26,859,490 $3,083,172 $2,282,004 $641,016 $2,363,900 $276,695 $87,739 $8,054,244 $0 0.820

5 $0 $25,992,226 $3,083,172 $2,215,908 $641,016 $2,127,510 $287,763 $91,249 $8,255,600 $0 0.780

6 $0 $25,053,413 $3,083,172 $2,144,359 $641,016 $1,912,610 $299,273 $94,899 $8,461,990 $0 0.742

7 $0 $24,037,147 $3,083,172 $2,066,907 $641,016 $1,811,300 $311,244 $98,695 $8,673,539 $0 0.706

8 $0 $22,937,040 $3,083,172 $1,983,065 $641,016 $1,811,300 $323,694 $102,643 $8,890,378 $0 0.672

9 $0 $21,746,175 $3,083,172 $1,892,306 $641,016 $1,814,370 $336,642 $106,748 $9,112,637 $0 0.639

10 $0 $20,457,062 $3,083,172 $1,794,059 $641,016 $1,811,300 $350,107 $111,018 $9,340,453 $0 0.608

11 $0 $19,061,598 $3,083,172 $1,687,708 $641,016 $1,814,370 $364,112 $115,459 $9,573,965 $0 0.579

12 $0 $17,551,008 $3,083,172 $1,572,582 $641,016 $1,811,300 $378,676 $120,077 $9,813,314 $0 0.551

13 $0 $15,915,795 $3,083,172 $1,447,958 $641,016 $1,814,370 $393,823 $124,881 $10,058,646 $0 0.524

14 $0 $14,145,676 $3,083,172 $1,313,053 $641,016 $1,811,300 $409,576 $129,876 $10,310,113 $0 0.498

15 $0 $12,229,523 $3,083,172 $1,167,018 $641,016 $1,814,370 $425,959 $135,071 $10,567,865 $0 0.474

16 $0 $10,155,287 $3,083,172 $1,008,936 $641,016 $905,650 $442,998 $140,474 $10,832,062 $0 0.451

17 $0 $7,909,926 $3,083,172 $837,811 $641,016 $0 $460,717 $146,093 $11,102,864 $0 0.429

18 $0 $5,479,323 $3,083,172 $652,569 $641,016 $0 $479,146 $151,936 $11,380,435 $0 0.408

19 $0 $2,848,196 $3,083,172 $452,044 $641,016 $0 $498,312 $158,014 $11,664,946 $0 0.389

20 $0 ($0) $3,083,172 $234,976 $641,016 $0 $518,244 $164,334 $11,956,570 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $3,301,785 $38,099,422 $21,956,412 $7,921,174 $4,243,443 $1,345,587 $113,358,051 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $537,250 $99,775 $0 $2,117,248 0.951

2 $0 $0 $1,020,775 $189,573 $0 $2,170,179 0.905

3 $0 $0 $918,698 $170,615 $0 $2,224,434 0.861

4 $0 $0 $827,365 $153,654 $0 $2,280,045 0.820

5 $0 $0 $744,629 $138,288 $0 $2,337,046 0.780

6 $0 $0 $669,414 $124,320 $0 $2,395,472 0.742

7 $0 $0 $633,955 $117,735 $0 $2,455,359 0.706

8 $0 $0 $633,955 $117,735 $0 $2,516,743 0.672

9 $0 $0 $635,030 $117,934 $0 $2,579,661 0.639

10 $0 $0 $633,955 $117,735 $0 $2,644,153 0.608

11 $0 $0 $635,030 $117,934 $0 $2,710,257 0.579

12 $0 $0 $633,955 $117,735 $0 $2,778,013 0.551

13 $0 $0 $635,030 $117,934 $0 $2,847,463 0.524

14 $0 $0 $633,955 $117,735 $0 $2,918,650 0.498

15 $0 $0 $635,030 $117,934 $0 $2,991,616 0.474

16 $0 $0 $316,978 $58,867 $0 $3,066,407 0.451

17 $0 $0 $0 $0 $0 $3,143,067 0.429

18 $0 $0 $0 $0 $0 $3,221,644 0.408

19 $0 $0 $0 $0 $0 $3,302,185 0.389

20 $0 $0 $0 $0 $0 $3,384,739 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $7,455,954 $1,384,677 $0 $32,090,093

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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INDUSTRIAL
GAS TURBINE

Customer Parameters Escalation
Nat. Gas Fuel Cost = $11.80 /MMBtu 2.5%
Retail Electric Rate = $0.0393 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 10,000 kW

Installed Capital Cost = $3,070 /kW
Variable O&M Costs = $0.005 /kWh 4%

Fixed O&M Costs = $8 /kW-yr 4%
Generator Heat Rate = 11,765 Btu/kWh

Heat Recovery = 4,650 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 52,560,000 kWh/yr

Electric Sold = 0
Electric Avoided = 52,560,000

Generator Fuel = 618,368 MMBtu/yr
TER = 1.36
FER = 3.10
T/T' = 0.47 PURPA minimum

Generator Fuel Cost = $7,296,747 /yr
Avoided Boiler Fuel = 142,978 MMBtu/yr

Avd Boiler Fuel Cost = $1,687,140 /yr

Cost of Electricity
Cost = $168,269,462

Benefit = $35,051,067
Net Cost = $133,218,395

COE = $0.1267

Present Value of Grid Electric
Avoided Grid Electric = $32,090,093

PV Grid Rate = $0.0305
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COSTS

Principal Payment Interest Variable Fixed

0 $3,301,785 $29,716,065 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $29,084,469 $3,083,172 $2,451,575 $641,016 $1,535,000 $245,981 $78,000 $7,479,166 $0 0.951

2 $0 $28,400,766 $3,083,172 $2,399,469 $641,016 $2,916,500 $255,820 $81,120 $7,666,145 $0 0.905

3 $0 $27,660,657 $3,083,172 $2,343,063 $641,016 $2,624,850 $266,053 $84,365 $7,857,799 $0 0.861

4 $0 $26,859,490 $3,083,172 $2,282,004 $641,016 $2,363,900 $276,695 $87,739 $8,054,244 $0 0.820

5 $0 $25,992,226 $3,083,172 $2,215,908 $641,016 $2,127,510 $287,763 $91,249 $8,255,600 $0 0.780

6 $0 $25,053,413 $3,083,172 $2,144,359 $641,016 $1,912,610 $299,273 $94,899 $8,461,990 $0 0.742

7 $0 $24,037,147 $3,083,172 $2,066,907 $641,016 $1,811,300 $311,244 $98,695 $8,673,539 $0 0.706

8 $0 $22,937,040 $3,083,172 $1,983,065 $641,016 $1,811,300 $323,694 $102,643 $8,890,378 $0 0.672

9 $0 $21,746,175 $3,083,172 $1,892,306 $641,016 $1,814,370 $336,642 $106,748 $9,112,637 $0 0.639

10 $0 $20,457,062 $3,083,172 $1,794,059 $641,016 $1,811,300 $350,107 $111,018 $9,340,453 $0 0.608

11 $0 $19,061,598 $3,083,172 $1,687,708 $641,016 $1,814,370 $364,112 $115,459 $9,573,965 $0 0.579

12 $0 $17,551,008 $3,083,172 $1,572,582 $641,016 $1,811,300 $378,676 $120,077 $9,813,314 $0 0.551

13 $0 $15,915,795 $3,083,172 $1,447,958 $641,016 $1,814,370 $393,823 $124,881 $10,058,646 $0 0.524

14 $0 $14,145,676 $3,083,172 $1,313,053 $641,016 $1,811,300 $409,576 $129,876 $10,310,113 $0 0.498

15 $0 $12,229,523 $3,083,172 $1,167,018 $641,016 $1,814,370 $425,959 $135,071 $10,567,865 $0 0.474

16 $0 $10,155,287 $3,083,172 $1,008,936 $641,016 $905,650 $442,998 $140,474 $10,832,062 $0 0.451

17 $0 $7,909,926 $3,083,172 $837,811 $641,016 $0 $460,717 $146,093 $11,102,864 $0 0.429

18 $0 $5,479,323 $3,083,172 $652,569 $641,016 $0 $479,146 $151,936 $11,380,435 $0 0.408

19 $0 $2,848,196 $3,083,172 $452,044 $641,016 $0 $498,312 $158,014 $11,664,946 $0 0.389

20 $0 ($0) $3,083,172 $234,976 $641,016 $0 $518,244 $164,334 $11,956,570 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $3,301,785 $38,099,422 $21,956,412 $7,921,174 $4,243,443 $1,345,587 $113,358,051 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $1,729,319 $537,250 $99,775 $0 $2,117,248 0.951

2 $0 $1,772,552 $1,020,775 $189,573 $0 $2,170,179 0.905

3 $0 $1,816,865 $918,698 $170,615 $0 $2,224,434 0.861

4 $0 $1,862,287 $827,365 $153,654 $0 $2,280,045 0.820

5 $0 $1,908,844 $744,629 $138,288 $0 $2,337,046 0.780

6 $0 $1,956,565 $669,414 $124,320 $0 $2,395,472 0.742

7 $0 $2,005,480 $633,955 $117,735 $0 $2,455,359 0.706

8 $0 $2,055,617 $633,955 $117,735 $0 $2,516,743 0.672

9 $0 $2,107,007 $635,030 $117,934 $0 $2,579,661 0.639

10 $0 $2,159,682 $633,955 $117,735 $0 $2,644,153 0.608

11 $0 $2,213,674 $635,030 $117,934 $0 $2,710,257 0.579

12 $0 $2,269,016 $633,955 $117,735 $0 $2,778,013 0.551

13 $0 $2,325,741 $635,030 $117,934 $0 $2,847,463 0.524

14 $0 $2,383,885 $633,955 $117,735 $0 $2,918,650 0.498

15 $0 $2,443,482 $635,030 $117,934 $0 $2,991,616 0.474

16 $0 $2,504,569 $316,978 $58,867 $0 $3,066,407 0.451

17 $0 $2,567,183 $0 $0 $0 $3,143,067 0.429

18 $0 $2,631,363 $0 $0 $0 $3,221,644 0.408

19 $0 $2,697,147 $0 $0 $0 $3,302,185 0.389

20 $0 $2,764,576 $0 $0 $0 $3,384,739 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $26,210,436 $7,455,954 $1,384,677 $0 $32,090,093

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL
MOLTEN CARBONATE FUEL CELL 
WITHOUT THERMAL CREDIT
Customer Parameters Escalation

Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 1,000 kW

Installed Capital Cost = $5,500 /kW
Variable O&M Costs = $0.010 /kWh 4%

Fixed O&M Costs = $330 /kW-yr 0%
Generator Heat Rate = 7,986 Btu/kWh

Heat Recovery = 1,400 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $1,000,000 30%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 5,256,000 kWh/yr

Electric Sold = 0
Electric Avoided = 5,256,000

Generator Fuel = 41,974 MMBtu/yr
TER = 0.41
FER = 2.11
T/T' = 0.00

Generator Fuel Cost = $566,655 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $22,660,345

Benefit = $2,580,611
Net Cost = $20,079,734

COE = $0.1910

Present Value of Grid Electric
Avoided Grid Electric = $4,311,341

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $591,525 $5,323,725 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $5,210,573 $552,360 $439,207 $114,840 $900,000 $54,662 $330,000 $580,821 $0 0.951

2 $0 $5,088,085 $552,360 $429,872 $114,840 $1,440,000 $56,849 $330,000 $595,342 $0 0.905

3 $0 $4,955,492 $552,360 $419,767 $114,840 $864,000 $59,123 $330,000 $610,225 $0 0.861

4 $0 $4,811,961 $552,360 $408,828 $114,840 $518,400 $61,488 $330,000 $625,481 $0 0.820

5 $0 $4,656,588 $552,360 $396,987 $114,840 $518,400 $63,947 $330,000 $641,118 $0 0.780

6 $0 $4,488,396 $552,360 $384,168 $114,840 $259,200 $66,505 $330,000 $657,146 $0 0.742

7 $0 $4,306,329 $552,360 $370,293 $114,840 $0 $69,165 $330,000 $673,574 $0 0.706

8 $0 $4,109,242 $552,360 $355,272 $114,840 $0 $71,932 $330,000 $690,414 $0 0.672

9 $0 $3,895,894 $552,360 $339,012 $114,840 $0 $74,809 $330,000 $707,674 $0 0.639

10 $0 $3,664,946 $552,360 $321,411 $114,840 $0 $77,802 $330,000 $725,366 $0 0.608

11 $0 $3,414,944 $552,360 $302,358 $114,840 $0 $80,914 $330,000 $743,500 $0 0.579

12 $0 $3,144,317 $552,360 $281,733 $114,840 $0 $84,150 $330,000 $762,087 $0 0.551

13 $0 $2,851,364 $552,360 $259,406 $114,840 $0 $87,516 $330,000 $781,140 $0 0.524

14 $0 $2,534,242 $552,360 $235,238 $114,840 $0 $91,017 $330,000 $800,668 $0 0.498

15 $0 $2,190,957 $552,360 $209,075 $114,840 $0 $94,658 $330,000 $820,685 $0 0.474

16 $0 $1,819,351 $552,360 $180,754 $114,840 $0 $98,444 $330,000 $841,202 $0 0.451

17 $0 $1,417,088 $552,360 $150,096 $114,840 $0 $102,382 $330,000 $862,232 $0 0.429

18 $0 $981,638 $552,360 $116,910 $114,840 $0 $106,477 $330,000 $883,788 $0 0.408

19 $0 $510,263 $552,360 $80,985 $114,840 $0 $110,736 $330,000 $905,883 $0 0.389

20 $0 ($0) $552,360 $42,097 $114,840 $0 $115,165 $330,000 $928,530 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $591,525 $6,825,629 $3,933,559 $1,419,103 $942,987 $4,077,882 $8,803,219 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $1,315,000 $58,500 $0 $284,455 0.951

2 $0 $0 $504,000 $93,600 $0 $291,566 0.905

3 $0 $0 $302,400 $56,160 $0 $298,855 0.861

4 $0 $0 $181,440 $33,696 $0 $306,327 0.820

5 $0 $0 $181,440 $33,696 $0 $313,985 0.780

6 $0 $0 $90,720 $16,848 $0 $321,834 0.742

7 $0 $0 $0 $0 $0 $329,880 0.706

8 $0 $0 $0 $0 $0 $338,127 0.672

9 $0 $0 $0 $0 $0 $346,580 0.639

10 $0 $0 $0 $0 $0 $355,245 0.608

11 $0 $0 $0 $0 $0 $364,126 0.579

12 $0 $0 $0 $0 $0 $373,229 0.551

13 $0 $0 $0 $0 $0 $382,560 0.524

14 $0 $0 $0 $0 $0 $392,124 0.498

15 $0 $0 $0 $0 $0 $401,927 0.474

16 $0 $0 $0 $0 $0 $411,975 0.451

17 $0 $0 $0 $0 $0 $422,275 0.429

18 $0 $0 $0 $0 $0 $432,831 0.408

19 $0 $0 $0 $0 $0 $443,652 0.389

20 $0 $0 $0 $0 $0 $454,744 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $2,325,445 $255,166 $0 $4,311,341

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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COMMERCIAL
MOLTEN CARBONATE FUEL CELL

Customer Parameters Escalation
Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 1,000 kW

Installed Capital Cost = $5,500 /kW
Variable O&M Costs = $0.010 /kWh 4%

Fixed O&M Costs = $330 /kW-yr 0%
Generator Heat Rate = 7,986 Btu/kWh

Heat Recovery = 1,400 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $1,000,000 30%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 5,256,000 kWh/yr

Electric Sold = 0
Electric Avoided = 5,256,000

Generator Fuel = 41,974 MMBtu/yr
TER = 0.41
FER = 2.11
T/T' = 1.00 100% of WH

Generator Fuel Cost = $566,655 /yr
Avoided Boiler Fuel = 9,198 MMBtu/yr

Avd Boiler Fuel Cost = $124,173 /yr

Cost of Electricity
Cost = $22,660,345

Benefit = $4,509,691
Net Cost = $18,150,654

COE = $0.1727

Present Value of Grid Electric
Avoided Grid Electric = $4,311,341

PV Grid Rate = $0.0410
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COSTS

Principal Payment Interest Variable Fixed

0 $591,525 $5,323,725 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $5,210,573 $552,360 $439,207 $114,840 $900,000 $54,662 $330,000 $580,821 $0 0.951

2 $0 $5,088,085 $552,360 $429,872 $114,840 $1,440,000 $56,849 $330,000 $595,342 $0 0.905

3 $0 $4,955,492 $552,360 $419,767 $114,840 $864,000 $59,123 $330,000 $610,225 $0 0.861

4 $0 $4,811,961 $552,360 $408,828 $114,840 $518,400 $61,488 $330,000 $625,481 $0 0.820

5 $0 $4,656,588 $552,360 $396,987 $114,840 $518,400 $63,947 $330,000 $641,118 $0 0.780

6 $0 $4,488,396 $552,360 $384,168 $114,840 $259,200 $66,505 $330,000 $657,146 $0 0.742

7 $0 $4,306,329 $552,360 $370,293 $114,840 $0 $69,165 $330,000 $673,574 $0 0.706

8 $0 $4,109,242 $552,360 $355,272 $114,840 $0 $71,932 $330,000 $690,414 $0 0.672

9 $0 $3,895,894 $552,360 $339,012 $114,840 $0 $74,809 $330,000 $707,674 $0 0.639

10 $0 $3,664,946 $552,360 $321,411 $114,840 $0 $77,802 $330,000 $725,366 $0 0.608

11 $0 $3,414,944 $552,360 $302,358 $114,840 $0 $80,914 $330,000 $743,500 $0 0.579

12 $0 $3,144,317 $552,360 $281,733 $114,840 $0 $84,150 $330,000 $762,087 $0 0.551

13 $0 $2,851,364 $552,360 $259,406 $114,840 $0 $87,516 $330,000 $781,140 $0 0.524

14 $0 $2,534,242 $552,360 $235,238 $114,840 $0 $91,017 $330,000 $800,668 $0 0.498

15 $0 $2,190,957 $552,360 $209,075 $114,840 $0 $94,658 $330,000 $820,685 $0 0.474

16 $0 $1,819,351 $552,360 $180,754 $114,840 $0 $98,444 $330,000 $841,202 $0 0.451

17 $0 $1,417,088 $552,360 $150,096 $114,840 $0 $102,382 $330,000 $862,232 $0 0.429

18 $0 $981,638 $552,360 $116,910 $114,840 $0 $106,477 $330,000 $883,788 $0 0.408

19 $0 $510,263 $552,360 $80,985 $114,840 $0 $110,736 $330,000 $905,883 $0 0.389

20 $0 ($0) $552,360 $42,097 $114,840 $0 $115,165 $330,000 $928,530 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $591,525 $6,825,629 $3,933,559 $1,419,103 $942,987 $4,077,882 $8,803,219 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $127,277 $1,315,000 $58,500 $0 $284,455 0.951

2 $0 $130,459 $504,000 $93,600 $0 $291,566 0.905

3 $0 $133,721 $302,400 $56,160 $0 $298,855 0.861

4 $0 $137,064 $181,440 $33,696 $0 $306,327 0.820

5 $0 $140,490 $181,440 $33,696 $0 $313,985 0.780

6 $0 $144,003 $90,720 $16,848 $0 $321,834 0.742

7 $0 $147,603 $0 $0 $0 $329,880 0.706

8 $0 $151,293 $0 $0 $0 $338,127 0.672

9 $0 $155,075 $0 $0 $0 $346,580 0.639

10 $0 $158,952 $0 $0 $0 $355,245 0.608

11 $0 $162,926 $0 $0 $0 $364,126 0.579

12 $0 $166,999 $0 $0 $0 $373,229 0.551

13 $0 $171,174 $0 $0 $0 $382,560 0.524

14 $0 $175,453 $0 $0 $0 $392,124 0.498

15 $0 $179,840 $0 $0 $0 $401,927 0.474

16 $0 $184,336 $0 $0 $0 $411,975 0.451

17 $0 $188,944 $0 $0 $0 $422,275 0.429

18 $0 $193,668 $0 $0 $0 $432,831 0.408

19 $0 $198,509 $0 $0 $0 $443,652 0.389

20 $0 $203,472 $0 $0 $0 $454,744 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $1,929,080 $2,325,445 $255,166 $0 $4,311,341

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL
PHOSPHORIC ACID FUEL CELL WITHOUT THERMAL CREDIT

Customer Parameters Escalation
Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 200 kW

Installed Capital Cost = $5,000 /kW
Variable O&M Costs = $0.009 /kWh 4%

Fixed O&M Costs = $300 /kW-yr 0%
Generator Heat Rate = 9,480 Btu/kWh

Heat Recovery = 3,400 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 14 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 10 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $200,000 30%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 1,051,200 kWh/yr

Electric Sold = 0
Electric Avoided = 1,051,200

Generator Fuel = 9,965 MMBtu/yr
TER = 1.00
FER = 2.50
T/T' = 0.00

Generator Fuel Cost = $134,533 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $3,666,423

Benefit = $479,919
Net Cost = $3,186,504

COE = $0.2165

Present Value of Grid Electric
Avoided Grid Electric = $647,244

PV Grid Rate = $0.0440
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COSTS

Principal Payment Interest Variable Fixed

0 $107,550 $967,950 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $901,922 $145,884 $79,856 $20,880 $160,000 $9,511 $60,000 $137,896 $0 0.951

2 $0 $830,447 $145,884 $74,409 $20,880 $256,000 $9,892 $60,000 $141,343 $0 0.905

3 $0 $753,075 $145,884 $68,512 $20,880 $153,600 $10,287 $60,000 $144,877 $0 0.861

4 $0 $669,319 $145,884 $62,129 $20,880 $92,160 $10,699 $60,000 $148,499 $0 0.820

5 $0 $578,654 $145,884 $55,219 $20,880 $92,160 $11,127 $60,000 $152,211 $0 0.780

6 $0 $480,509 $145,884 $47,739 $20,880 $46,080 $11,572 $60,000 $156,017 $0 0.742

7 $0 $374,267 $145,884 $39,642 $20,880 $0 $12,035 $60,000 $159,917 $0 0.706

8 $0 $259,261 $145,884 $30,877 $20,880 $0 $12,516 $60,000 $163,915 $0 0.672

9 $0 $134,766 $145,884 $21,389 $20,880 $0 $13,017 $60,000 $168,013 $0 0.639

10 $0 ($0) $145,884 $11,118 $20,880 $0 $13,537 $60,000 $172,213 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $14,079 $60,000 $176,518 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $14,642 $60,000 $180,931 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $15,228 $60,000 $185,455 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $15,837 $60,000 $190,091 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $107,550 $1,121,026 $400,914 $160,450 $118,428 $590,139 $1,568,830 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $256,000 $10,400 $0 $56,891 0.951

2 $0 $0 $89,600 $16,640 $0 $58,313 0.905

3 $0 $0 $53,760 $9,984 $0 $59,771 0.861

4 $0 $0 $32,256 $5,990 $0 $61,265 0.820

5 $0 $0 $32,256 $5,990 $0 $62,797 0.780

6 $0 $0 $16,128 $2,995 $0 $64,367 0.742

7 $0 $0 $0 $0 $0 $65,976 0.706

8 $0 $0 $0 $0 $0 $67,625 0.672

9 $0 $0 $0 $0 $0 $69,316 0.639

10 $0 $0 $0 $0 $0 $71,049 0.608

11 $0 $0 $0 $0 $0 $72,825 0.579

12 $0 $0 $0 $0 $0 $74,646 0.551

13 $0 $0 $0 $0 $0 $76,512 0.524

14 $0 $0 $0 $0 $0 $78,425 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $434,556 $45,363 $0 $647,244

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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COMMERCIAL
PHOSPHORIC ACID FUEL CELL

Customer Parameters Escalation
Nat. Gas Fuel Cost = $13.50 /MMBtu 2.5%
Retail Electric Rate = $0.0528 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 200 kW

Installed Capital Cost = $5,000 /kW
Variable O&M Costs = $0.009 /kWh 4%

Fixed O&M Costs = $300 /kW-yr 0%
Generator Heat Rate = 9,480 Btu/kWh

Heat Recovery = 3,400 Btu/kWh
Capacity Factor = 60% of potential
Generation Sold = 0% of production

Plant Life = 14 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 10 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $200,000 30%
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 1,051,200 kWh/yr

Electric Sold = 0
Electric Avoided = 1,051,200

Generator Fuel = 9,965 MMBtu/yr
TER = 1.00
FER = 2.50
T/T' = 0.13 100% of WH

Generator Fuel Cost = $134,533 /yr
Avoided Boiler Fuel = 563 MMBtu/yr

Avd Boiler Fuel Cost = $7,596 /yr

Cost of Electricity
Cost = $3,666,423

Benefit = $568,497
Net Cost = $3,097,926

COE = $0.2105

Present Value of Grid Electric
Avoided Grid Electric = $647,244

PV Grid Rate = $0.0440
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COSTS

Principal Payment Interest Variable Fixed

0 $107,550 $967,950 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $901,922 $145,884 $79,856 $20,880 $160,000 $9,511 $60,000 $137,896 $0 0.951

2 $0 $830,447 $145,884 $74,409 $20,880 $256,000 $9,892 $60,000 $141,343 $0 0.905

3 $0 $753,075 $145,884 $68,512 $20,880 $153,600 $10,287 $60,000 $144,877 $0 0.861

4 $0 $669,319 $145,884 $62,129 $20,880 $92,160 $10,699 $60,000 $148,499 $0 0.820

5 $0 $578,654 $145,884 $55,219 $20,880 $92,160 $11,127 $60,000 $152,211 $0 0.780

6 $0 $480,509 $145,884 $47,739 $20,880 $46,080 $11,572 $60,000 $156,017 $0 0.742

7 $0 $374,267 $145,884 $39,642 $20,880 $0 $12,035 $60,000 $159,917 $0 0.706

8 $0 $259,261 $145,884 $30,877 $20,880 $0 $12,516 $60,000 $163,915 $0 0.672

9 $0 $134,766 $145,884 $21,389 $20,880 $0 $13,017 $60,000 $168,013 $0 0.639

10 $0 ($0) $145,884 $11,118 $20,880 $0 $13,537 $60,000 $172,213 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $14,079 $60,000 $176,518 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $14,642 $60,000 $180,931 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $15,228 $60,000 $185,455 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $15,837 $60,000 $190,091 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $107,550 $1,121,026 $400,914 $160,450 $118,428 $590,139 $1,568,830 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $7,786 $256,000 $10,400 $0 $56,891 0.951

2 $0 $7,980 $89,600 $16,640 $0 $58,313 0.905

3 $0 $8,180 $53,760 $9,984 $0 $59,771 0.861

4 $0 $8,384 $32,256 $5,990 $0 $61,265 0.820

5 $0 $8,594 $32,256 $5,990 $0 $62,797 0.780

6 $0 $8,809 $16,128 $2,995 $0 $64,367 0.742

7 $0 $9,029 $0 $0 $0 $65,976 0.706

8 $0 $9,255 $0 $0 $0 $67,625 0.672

9 $0 $9,486 $0 $0 $0 $69,316 0.639

10 $0 $9,723 $0 $0 $0 $71,049 0.608

11 $0 $9,966 $0 $0 $0 $72,825 0.579

12 $0 $10,216 $0 $0 $0 $74,646 0.551

13 $0 $10,471 $0 $0 $0 $76,512 0.524

14 $0 $10,733 $0 $0 $0 $78,425 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $88,578 $434,556 $45,363 $0 $647,244

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
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Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
VRLA BATTERY STORAGE (8 hours of Storage)

Customer Parameters Escalation
Electricity Fuel Cost = $12.02 /MMBtu 2.5%
Retail Electric Rate = $0.0506 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 100 kW

Installed Capital Cost = $1,825 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $5 /kW-yr 4%
Generator Heat Rate = 4,549 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 5 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 5 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 104,000 kWh/yr

Electric Sold = 0
Electric Avoided = 104,000

Generator Fuel = 473 MMBtu/yr
TER = 0.00
FER = 1.20
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $5,685 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $257,169

Benefit = $56,030
Net Cost = $201,139

COE = $0.3868

Present Value of Grid Electric
Avoided Grid Electric = $24,422

PV Grid Rate = $0.0470
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COSTS

Principal Payment Interest Variable Fixed

0 $19,628 $176,651 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $146,689 $44,535 $14,574 $3,811 $36,500 $0 $520 $5,827 $0 0.951

2 $0 $114,256 $44,535 $12,102 $3,811 $58,400 $0 $541 $5,973 $0 0.905

3 $0 $79,147 $44,535 $9,426 $3,811 $35,040 $0 $562 $6,122 $0 0.861

4 $0 $41,141 $44,535 $6,530 $3,811 $21,024 $0 $585 $6,275 $0 0.820

5 $0 ($0) $44,535 $3,394 $3,811 $21,024 $0 $608 $6,432 $0 0.780

6 $0 ($0) $0 ($0) $0 $10,512 $0 $0 $0 $0 0.742

7 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.706

8 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.672

9 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.639

10 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $19,628 $192,283 $40,940 $16,452 $0 $2,423 $26,383 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $12,775 $2,373 $0 $5,394 0.951

2 $0 $0 $20,440 $3,796 $0 $5,529 0.905

3 $0 $0 $12,264 $2,278 $0 $5,667 0.861

4 $0 $0 $7,358 $1,367 $0 $5,809 0.820

5 $0 $0 $0 $0 $0 $5,954 0.780

6 $0 $0 $0 $0 $0 $0 0.742

7 $0 $0 $0 $0 $0 $0 0.706

8 $0 $0 $0 $0 $0 $0 0.672

9 $0 $0 $0 $0 $0 $0 0.639

10 $0 $0 $0 $0 $0 $0 0.608

11 $0 $0 $0 $0 $0 $0 0.579

12 $0 $0 $0 $0 $0 $0 0.551

13 $0 $0 $0 $0 $0 $0 0.524

14 $0 $0 $0 $0 $0 $0 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $47,254 $8,776 $0 $24,422

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
FLOODED BATTERY STORAGE (8 Hours of Storage)

Customer Parameters Escalation
Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0506 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 100 kW

Installed Capital Cost = $1,425 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $15 /kW-yr 4%
Generator Heat Rate = 4,549 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 6 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 6 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 104,000 kWh/yr

Electric Sold = 0
Electric Avoided = 104,000

Generator Fuel = 473 MMBtu/yr
TER = 0.00
FER = 1.20
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $5,685 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $222,438

Benefit = $49,062
Net Cost = $173,376

COE = $0.2778

Present Value of Grid Electric
Avoided Grid Electric = $28,951

PV Grid Rate = $0.0464
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COSTS

Principal Payment Interest Variable Fixed

0 $15,326 $137,933 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $119,249 $30,064 $11,379 $2,975 $28,500 $0 $1,560 $5,827 $0 0.951

2 $0 $99,023 $30,064 $9,838 $2,975 $45,600 $0 $1,622 $5,973 $0 0.905

3 $0 $77,129 $30,064 $8,169 $2,975 $27,360 $0 $1,687 $6,122 $0 0.861

4 $0 $53,428 $30,064 $6,363 $2,975 $16,416 $0 $1,755 $6,275 $0 0.820

5 $0 $27,772 $30,064 $4,408 $2,975 $16,416 $0 $1,825 $6,432 $0 0.780

6 $0 ($0) $30,064 $2,291 $2,975 $8,208 $0 $1,898 $6,593 $0 0.742

7 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.706

8 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.672

9 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.639

10 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $15,326 $152,107 $37,123 $15,054 $0 $8,676 $31,275 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $9,975 $1,853 $0 $5,394 0.951

2 $0 $0 $15,960 $2,964 $0 $5,529 0.905

3 $0 $0 $9,576 $1,778 $0 $5,667 0.861

4 $0 $0 $5,746 $1,067 $0 $5,809 0.820

5 $0 $0 $5,746 $1,067 $0 $5,954 0.780

6 $0 $0 $0 $0 $0 $6,103 0.742

7 $0 $0 $0 $0 $0 $0 0.706

8 $0 $0 $0 $0 $0 $0 0.672

9 $0 $0 $0 $0 $0 $0 0.639

10 $0 $0 $0 $0 $0 $0 0.608

11 $0 $0 $0 $0 $0 $0 0.579

12 $0 $0 $0 $0 $0 $0 0.551

13 $0 $0 $0 $0 $0 $0 0.524

14 $0 $0 $0 $0 $0 $0 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $41,378 $7,684 $0 $28,951

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
ZnBr BATTERY STORAGE (8 Hours of Storage)

Customer Parameters Escalation
Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0506 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 100 kW

Installed Capital Cost = $3,375 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $20 /kW-yr 4%
Generator Heat Rate = 5,687 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 8 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 6 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 5 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 104,000 kWh/yr

Electric Sold = 0
Electric Avoided = 104,000

Generator Fuel = 591 MMBtu/yr
TER = 0.00
FER = 1.50
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $7,107 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $498,350

Benefit = $122,185
Net Cost = $376,165

COE = $0.4521

Present Value of Grid Electric
Avoided Grid Electric = $37,673

PV Grid Rate = $0.0453
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COSTS

Principal Payment Interest Variable Fixed

0 $36,298 $326,683 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $282,431 $71,203 $26,951 $7,047 $67,500 $0 $2,080 $7,285 $0 0.951

2 $0 $234,528 $71,203 $23,301 $7,047 $108,000 $0 $2,163 $7,467 $0 0.905

3 $0 $182,673 $71,203 $19,349 $7,047 $64,800 $0 $2,250 $7,654 $0 0.861

4 $0 $126,541 $71,203 $15,071 $7,047 $38,880 $0 $2,340 $7,845 $0 0.820

5 $0 $65,777 $71,203 $10,440 $7,047 $38,880 $0 $2,433 $8,041 $0 0.780

6 $0 ($0) $71,203 $5,427 $7,047 $19,440 $0 $2,531 $8,242 $0 0.742

7 $0 ($0) $0 ($0) $0 $0 $0 $2,632 $8,448 $0 0.706

8 $0 ($0) $0 ($0) $0 $0 $0 $2,737 $8,659 $0 0.672

9 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.639

10 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.608

11 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.579

12 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.551

13 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.524

14 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.498

15 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.474

16 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.451

17 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.429

18 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.408

19 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.389

20 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $36,298 $360,254 $87,923 $35,654 $0 $15,265 $50,879 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $23,625 $4,388 $0 $5,394 0.951

2 $0 $0 $37,800 $7,020 $0 $5,529 0.905

3 $0 $0 $22,680 $4,212 $0 $5,667 0.861

4 $0 $0 $13,608 $2,527 $0 $5,809 0.820

5 $0 $0 $13,608 $2,527 $0 $5,954 0.780

6 $0 $0 $6,804 $1,264 $0 $6,103 0.742

7 $0 $0 $0 $0 $0 $6,255 0.706

8 $0 $0 $0 $0 $0 $6,412 0.672

9 $0 $0 $0 $0 $0 $0 0.639

10 $0 $0 $0 $0 $0 $0 0.608

11 $0 $0 $0 $0 $0 $0 0.579

12 $0 $0 $0 $0 $0 $0 0.551

13 $0 $0 $0 $0 $0 $0 0.524

14 $0 $0 $0 $0 $0 $0 0.498

15 $0 $0 $0 $0 $0 $0 0.474

16 $0 $0 $0 $0 $0 $0 0.451

17 $0 $0 $0 $0 $0 $0 0.429

18 $0 $0 $0 $0 $0 $0 0.408

19 $0 $0 $0 $0 $0 $0 0.389

20 $0 $0 $0 $0 $0 $0 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $103,048 $19,137 $0 $37,673

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
CHILLED WATER THERMAL ENERGY STORAGE 
(4200 Ton-hours of Storage)
Customer Parameters Escalation

Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0509 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 315 kW

Installed Capital Cost = $1,438 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $33 /kW-yr 4%
Generator Heat Rate = 4,560 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 331,128 kWh/yr

Electric Sold = 0
Electric Avoided = 331,128

Generator Fuel = 1,510 MMBtu/yr
TER = 0.00
FER = 1.20
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $18,145 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $1,196,057

Benefit = $130,428
Net Cost = $1,065,629

COE = $0.1609

Present Value of Grid Electric
Avoided Grid Electric = $261,689

PV Grid Rate = $0.0395
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COSTS

Principal Payment Interest Variable Fixed

0 $48,712 $438,409 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $429,091 $45,487 $36,169 $9,457 $22,646 $0 $10,811 $18,599 $0 0.951

2 $0 $419,004 $45,487 $35,400 $9,457 $43,028 $0 $11,243 $19,064 $0 0.905

3 $0 $408,085 $45,487 $34,568 $9,457 $38,725 $0 $11,693 $19,540 $0 0.861

4 $0 $396,265 $45,487 $33,667 $9,457 $34,875 $0 $12,161 $20,029 $0 0.820

5 $0 $383,470 $45,487 $32,692 $9,457 $31,388 $0 $12,647 $20,530 $0 0.780

6 $0 $369,619 $45,487 $31,636 $9,457 $28,217 $0 $13,153 $21,043 $0 0.742

7 $0 $354,626 $45,487 $30,494 $9,457 $26,723 $0 $13,679 $21,569 $0 0.706

8 $0 $338,396 $45,487 $29,257 $9,457 $26,723 $0 $14,226 $22,108 $0 0.672

9 $0 $320,827 $45,487 $27,918 $9,457 $26,768 $0 $14,795 $22,661 $0 0.639

10 $0 $301,808 $45,487 $26,468 $9,457 $26,723 $0 $15,387 $23,227 $0 0.608

11 $0 $281,221 $45,487 $24,899 $9,457 $26,768 $0 $16,003 $23,808 $0 0.579

12 $0 $258,935 $45,487 $23,201 $9,457 $26,723 $0 $16,643 $24,403 $0 0.551

13 $0 $234,810 $45,487 $21,362 $9,457 $26,768 $0 $17,308 $25,013 $0 0.524

14 $0 $208,695 $45,487 $19,372 $9,457 $26,723 $0 $18,001 $25,639 $0 0.498

15 $0 $180,425 $45,487 $17,217 $9,457 $26,768 $0 $18,721 $26,280 $0 0.474

16 $0 $149,824 $45,487 $14,885 $9,457 $13,361 $0 $19,470 $26,937 $0 0.451

17 $0 $116,697 $45,487 $12,360 $9,457 $0 $0 $20,248 $27,610 $0 0.429

18 $0 $80,838 $45,487 $9,628 $9,457 $0 $0 $21,058 $28,300 $0 0.408

19 $0 $42,020 $45,487 $6,669 $9,457 $0 $0 $21,901 $29,008 $0 0.389

20 $0 ($0) $45,487 $3,467 $9,457 $0 $0 $22,777 $29,733 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $48,712 $562,091 $323,929 $116,863 $0 $186,498 $281,893 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $7,926 $1,472 $0 $17,266 0.951

2 $0 $0 $15,060 $2,797 $0 $17,697 0.905

3 $0 $0 $13,554 $2,517 $0 $18,140 0.861

4 $0 $0 $12,206 $2,267 $0 $18,593 0.820

5 $0 $0 $10,986 $2,040 $0 $19,058 0.780

6 $0 $0 $9,876 $1,834 $0 $19,535 0.742

7 $0 $0 $9,353 $1,737 $0 $20,023 0.706

8 $0 $0 $9,353 $1,737 $0 $20,524 0.672

9 $0 $0 $9,369 $1,740 $0 $21,037 0.639

10 $0 $0 $9,353 $1,737 $0 $21,563 0.608

11 $0 $0 $9,369 $1,740 $0 $22,102 0.579

12 $0 $0 $9,353 $1,737 $0 $22,654 0.551

13 $0 $0 $9,369 $1,740 $0 $23,221 0.524

14 $0 $0 $9,353 $1,737 $0 $23,801 0.498

15 $0 $0 $9,369 $1,740 $0 $24,396 0.474

16 $0 $0 $4,676 $868 $0 $25,006 0.451

17 $0 $0 $0 $0 $0 $25,631 0.429

18 $0 $0 $0 $0 $0 $26,272 0.408

19 $0 $0 $0 $0 $0 $26,929 0.389

20 $0 $0 $0 $0 $0 $27,602 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $110,000 $20,428 $0 $261,689

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
ENCAPSULATED ICE THERMAL ENERGY STORAGE 
(4200 Ton-hours of Storage)
Customer Parameters Escalation

Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0509 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 315 kW

Installed Capital Cost = $1,503 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $40 /kW-yr 4%
Generator Heat Rate = 6,824 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 327,600 kWh/yr

Electric Sold = 0
Electric Avoided = 327,600

Generator Fuel = 2,236 MMBtu/yr
TER = 0.00
FER = 1.80
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $26,863 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $1,404,191

Benefit = $136,367
Net Cost = $1,267,824

COE = $0.1935

Present Value of Grid Electric
Avoided Grid Electric = $258,901

PV Grid Rate = $0.0395
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COSTS

Principal Payment Interest Variable Fixed

0 $50,930 $458,373 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $448,630 $47,558 $37,816 $9,888 $23,678 $0 $13,104 $27,535 $0 0.951

2 $0 $438,084 $47,558 $37,012 $9,888 $44,987 $0 $13,628 $28,223 $0 0.905

3 $0 $426,668 $47,558 $36,142 $9,888 $40,489 $0 $14,173 $28,929 $0 0.861

4 $0 $414,310 $47,558 $35,200 $9,888 $36,463 $0 $14,740 $29,652 $0 0.820

5 $0 $400,932 $47,558 $34,181 $9,888 $32,817 $0 $15,330 $30,393 $0 0.780

6 $0 $386,451 $47,558 $33,077 $9,888 $29,502 $0 $15,943 $31,153 $0 0.742

7 $0 $370,775 $47,558 $31,882 $9,888 $27,939 $0 $16,581 $31,932 $0 0.706

8 $0 $353,806 $47,558 $30,589 $9,888 $27,939 $0 $17,244 $32,730 $0 0.672

9 $0 $335,437 $47,558 $29,189 $9,888 $27,987 $0 $17,934 $33,548 $0 0.639

10 $0 $315,552 $47,558 $27,674 $9,888 $27,939 $0 $18,651 $34,387 $0 0.608

11 $0 $294,027 $47,558 $26,033 $9,888 $27,987 $0 $19,397 $35,247 $0 0.579

12 $0 $270,726 $47,558 $24,257 $9,888 $27,939 $0 $20,173 $36,128 $0 0.551

13 $0 $245,502 $47,558 $22,335 $9,888 $27,987 $0 $20,980 $37,031 $0 0.524

14 $0 $218,198 $47,558 $20,254 $9,888 $27,939 $0 $21,819 $37,957 $0 0.498

15 $0 $188,641 $47,558 $18,001 $9,888 $27,987 $0 $22,692 $38,906 $0 0.474

16 $0 $156,646 $47,558 $15,563 $9,888 $13,970 $0 $23,600 $39,879 $0 0.451

17 $0 $122,011 $47,558 $12,923 $9,888 $0 $0 $24,544 $40,875 $0 0.429

18 $0 $84,519 $47,558 $10,066 $9,888 $0 $0 $25,525 $41,897 $0 0.408

19 $0 $43,934 $47,558 $6,973 $9,888 $0 $0 $26,546 $42,945 $0 0.389

20 $0 ($0) $47,558 $3,625 $9,888 $0 $0 $27,608 $44,018 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $50,930 $587,687 $338,679 $122,185 $0 $226,059 $417,331 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $8,287 $1,539 $0 $17,082 0.951

2 $0 $0 $15,746 $2,924 $0 $17,509 0.905

3 $0 $0 $14,171 $2,632 $0 $17,947 0.861

4 $0 $0 $12,762 $2,370 $0 $18,395 0.820

5 $0 $0 $11,486 $2,133 $0 $18,855 0.780

6 $0 $0 $10,326 $1,918 $0 $19,327 0.742

7 $0 $0 $9,779 $1,816 $0 $19,810 0.706

8 $0 $0 $9,779 $1,816 $0 $20,305 0.672

9 $0 $0 $9,795 $1,819 $0 $20,813 0.639

10 $0 $0 $9,779 $1,816 $0 $21,333 0.608

11 $0 $0 $9,795 $1,819 $0 $21,866 0.579

12 $0 $0 $9,779 $1,816 $0 $22,413 0.551

13 $0 $0 $9,795 $1,819 $0 $22,973 0.524

14 $0 $0 $9,779 $1,816 $0 $23,547 0.498

15 $0 $0 $9,795 $1,819 $0 $24,136 0.474

16 $0 $0 $4,889 $908 $0 $24,740 0.451

17 $0 $0 $0 $0 $0 $25,358 0.429

18 $0 $0 $0 $0 $0 $25,992 0.408

19 $0 $0 $0 $0 $0 $26,642 0.389

20 $0 $0 $0 $0 $0 $27,308 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $115,009 $21,359 $0 $258,901

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
ICE HARVESTER THERMAL ENERGY STORAGE 
(4200 Ton Hours of Storage)
Customer Parameters Escalation

Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0509 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 315 kW

Installed Capital Cost = $2,025 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $40 /kW-yr 4%
Generator Heat Rate = 6,255 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 327,600 kWh/yr

Electric Sold = 0
Electric Avoided = 327,600

Generator Fuel = 2,049 MMBtu/yr
TER = 0.00
FER = 1.65
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $24,625 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $1,633,482

Benefit = $183,699
Net Cost = $1,449,782

COE = $0.2213

Present Value of Grid Electric
Avoided Grid Electric = $258,901

PV Grid Rate = $0.0395
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COSTS

Principal Payment Interest Variable Fixed

0 $68,608 $617,470 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $604,346 $64,065 $50,941 $13,320 $31,896 $0 $13,104 $25,240 $0 0.951

2 $0 $590,140 $64,065 $49,859 $13,320 $60,602 $0 $13,628 $25,871 $0 0.905

3 $0 $574,761 $64,065 $48,687 $13,320 $54,542 $0 $14,173 $26,518 $0 0.861

4 $0 $558,113 $64,065 $47,418 $13,320 $49,119 $0 $14,740 $27,181 $0 0.820

5 $0 $540,093 $64,065 $46,044 $13,320 $44,208 $0 $15,330 $27,860 $0 0.780

6 $0 $520,585 $64,065 $44,558 $13,320 $39,742 $0 $15,943 $28,557 $0 0.742

7 $0 $499,468 $64,065 $42,948 $13,320 $37,637 $0 $16,581 $29,271 $0 0.706

8 $0 $476,609 $64,065 $41,206 $13,320 $37,637 $0 $17,244 $30,003 $0 0.672

9 $0 $451,864 $64,065 $39,320 $13,320 $37,701 $0 $17,934 $30,753 $0 0.639

10 $0 $425,077 $64,065 $37,279 $13,320 $37,637 $0 $18,651 $31,522 $0 0.608

11 $0 $396,081 $64,065 $35,069 $13,320 $37,701 $0 $19,397 $32,310 $0 0.579

12 $0 $364,692 $64,065 $32,677 $13,320 $37,637 $0 $20,173 $33,117 $0 0.551

13 $0 $330,714 $64,065 $30,087 $13,320 $37,701 $0 $20,980 $33,945 $0 0.524

14 $0 $293,933 $64,065 $27,284 $13,320 $37,637 $0 $21,819 $34,794 $0 0.498

15 $0 $254,117 $64,065 $24,249 $13,320 $37,701 $0 $22,692 $35,664 $0 0.474

16 $0 $211,017 $64,065 $20,965 $13,320 $18,819 $0 $23,600 $36,555 $0 0.451

17 $0 $164,360 $64,065 $17,409 $13,320 $0 $0 $24,544 $37,469 $0 0.429

18 $0 $113,855 $64,065 $13,560 $13,320 $0 $0 $25,525 $38,406 $0 0.408

19 $0 $59,183 $64,065 $9,393 $13,320 $0 $0 $26,546 $39,366 $0 0.389

20 $0 ($0) $64,065 $4,883 $13,320 $0 $0 $27,608 $40,350 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $68,608 $791,668 $456,232 $164,594 $0 $226,059 $382,553 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $11,164 $2,073 $0 $17,082 0.951

2 $0 $0 $21,211 $3,939 $0 $17,509 0.905

3 $0 $0 $19,090 $3,545 $0 $17,947 0.861

4 $0 $0 $17,192 $3,193 $0 $18,395 0.820

5 $0 $0 $15,473 $2,873 $0 $18,855 0.780

6 $0 $0 $13,910 $2,583 $0 $19,327 0.742

7 $0 $0 $13,173 $2,446 $0 $19,810 0.706

8 $0 $0 $13,173 $2,446 $0 $20,305 0.672

9 $0 $0 $13,195 $2,451 $0 $20,813 0.639

10 $0 $0 $13,173 $2,446 $0 $21,333 0.608

11 $0 $0 $13,195 $2,451 $0 $21,866 0.579

12 $0 $0 $13,173 $2,446 $0 $22,413 0.551

13 $0 $0 $13,195 $2,451 $0 $22,973 0.524

14 $0 $0 $13,173 $2,446 $0 $23,547 0.498

15 $0 $0 $13,195 $2,451 $0 $24,136 0.474

16 $0 $0 $6,586 $1,223 $0 $24,740 0.451

17 $0 $0 $0 $0 $0 $25,358 0.429

18 $0 $0 $0 $0 $0 $25,992 0.408

19 $0 $0 $0 $0 $0 $26,642 0.389

20 $0 $0 $0 $0 $0 $27,308 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $154,927 $28,772 $0 $258,901

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
EUTECTIC ICE THERMAL ENERGY STORAGE 
(4200 Ton-hours of Storage)
Customer Parameters Escalation

Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0509 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 315 kW

Installed Capital Cost = $3,298 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $40 /kW-yr 4%
Generator Heat Rate = 4,549 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 327,600 kWh/yr

Electric Sold = 0
Electric Avoided = 327,600

Generator Fuel = 1,490 MMBtu/yr
TER = 0.00
FER = 1.20
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $17,909 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $2,173,127

Benefit = $299,127
Net Cost = $1,874,000

COE = $0.2860

Present Value of Grid Electric
Avoided Grid Electric = $258,901

PV Grid Rate = $0.0395
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COSTS

Principal Payment Interest Variable Fixed

0 $111,718 $1,005,458 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $984,088 $104,321 $82,950 $21,689 $51,938 $0 $13,104 $18,357 $0 0.951

2 $0 $960,954 $104,321 $81,187 $21,689 $98,681 $0 $13,628 $18,815 $0 0.905

3 $0 $935,912 $104,321 $79,279 $21,689 $88,813 $0 $14,173 $19,286 $0 0.861

4 $0 $908,804 $104,321 $77,213 $21,689 $79,984 $0 $14,740 $19,768 $0 0.820

5 $0 $879,460 $104,321 $74,976 $21,689 $71,985 $0 $15,330 $20,262 $0 0.780

6 $0 $847,695 $104,321 $72,555 $21,689 $64,714 $0 $15,943 $20,769 $0 0.742

7 $0 $813,309 $104,321 $69,935 $21,689 $61,286 $0 $16,581 $21,288 $0 0.706

8 $0 $776,086 $104,321 $67,098 $21,689 $61,286 $0 $17,244 $21,820 $0 0.672

9 $0 $735,793 $104,321 $64,027 $21,689 $61,390 $0 $17,934 $22,366 $0 0.639

10 $0 $692,175 $104,321 $60,703 $21,689 $61,286 $0 $18,651 $22,925 $0 0.608

11 $0 $644,959 $104,321 $57,104 $21,689 $61,390 $0 $19,397 $23,498 $0 0.579

12 $0 $593,847 $104,321 $53,209 $21,689 $61,286 $0 $20,173 $24,085 $0 0.551

13 $0 $538,519 $104,321 $48,992 $21,689 $61,390 $0 $20,980 $24,687 $0 0.524

14 $0 $478,626 $104,321 $44,428 $21,689 $61,286 $0 $21,819 $25,305 $0 0.498

15 $0 $413,792 $104,321 $39,487 $21,689 $61,390 $0 $22,692 $25,937 $0 0.474

16 $0 $343,609 $104,321 $34,138 $21,689 $30,643 $0 $23,600 $26,586 $0 0.451

17 $0 $267,636 $104,321 $28,348 $21,689 $0 $0 $24,544 $27,250 $0 0.429

18 $0 $185,396 $104,321 $22,080 $21,689 $0 $0 $25,525 $27,932 $0 0.408

19 $0 $96,370 $104,321 $15,295 $21,689 $0 $0 $26,546 $28,630 $0 0.389

20 $0 ($0) $104,321 $7,951 $21,689 $0 $0 $27,608 $29,346 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $111,718 $1,289,113 $742,906 $268,017 $0 $226,059 $278,220 $0

PV 
FactorDepreciation

O&M

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $18,178 $3,376 $0 $17,082 0.951

2 $0 $0 $34,538 $6,414 $0 $17,509 0.905

3 $0 $0 $31,085 $5,773 $0 $17,947 0.861

4 $0 $0 $27,994 $5,199 $0 $18,395 0.820

5 $0 $0 $25,195 $4,679 $0 $18,855 0.780

6 $0 $0 $22,650 $4,206 $0 $19,327 0.742

7 $0 $0 $21,450 $3,984 $0 $19,810 0.706

8 $0 $0 $21,450 $3,984 $0 $20,305 0.672

9 $0 $0 $21,487 $3,990 $0 $20,813 0.639

10 $0 $0 $21,450 $3,984 $0 $21,333 0.608

11 $0 $0 $21,487 $3,990 $0 $21,866 0.579

12 $0 $0 $21,450 $3,984 $0 $22,413 0.551

13 $0 $0 $21,487 $3,990 $0 $22,973 0.524

14 $0 $0 $21,450 $3,984 $0 $23,547 0.498

15 $0 $0 $21,487 $3,990 $0 $24,136 0.474

16 $0 $0 $10,725 $1,992 $0 $24,740 0.451

17 $0 $0 $0 $0 $0 $25,358 0.429

18 $0 $0 $0 $0 $0 $25,992 0.408

19 $0 $0 $0 $0 $0 $26,642 0.389

20 $0 $0 $0 $0 $0 $27,308 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $252,276 $46,851 $0 $258,901

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
ICE ON COIL THERMAL ENERGY STORAGE 
(4200 Ton-hours of Storage)
Customer Parameters Escalation

Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0509 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 315 kW

Installed Capital Cost = $1,097 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $40 /kW-yr 4%
Generator Heat Rate = 5,687 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 327,600 kWh/yr

Electric Sold = 0
Electric Avoided = 327,600

Generator Fuel = 1,863 MMBtu/yr
TER = 0.00
FER = 1.50
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $22,386 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $1,129,193

Benefit = $99,543
Net Cost = $1,029,649

COE = $0.1572

Present Value of Grid Electric
Avoided Grid Electric = $258,901

PV Grid Rate = $0.0395
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COSTS

Principal Payment Interest Variable Fixed

0 $37,177 $334,596 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $327,484 $34,716 $27,604 $7,218 $17,284 $0 $13,104 $22,946 $0 0.951

2 $0 $319,786 $34,716 $27,017 $7,218 $32,839 $0 $13,628 $23,519 $0 0.905

3 $0 $311,453 $34,716 $26,382 $7,218 $29,555 $0 $14,173 $24,107 $0 0.861

4 $0 $302,432 $34,716 $25,695 $7,218 $26,617 $0 $14,740 $24,710 $0 0.820

5 $0 $292,667 $34,716 $24,951 $7,218 $23,955 $0 $15,330 $25,328 $0 0.780

6 $0 $282,096 $34,716 $24,145 $7,218 $21,536 $0 $15,943 $25,961 $0 0.742

7 $0 $270,653 $34,716 $23,273 $7,218 $20,395 $0 $16,581 $26,610 $0 0.706

8 $0 $258,266 $34,716 $22,329 $7,218 $20,395 $0 $17,244 $27,275 $0 0.672

9 $0 $244,857 $34,716 $21,307 $7,218 $20,429 $0 $17,934 $27,957 $0 0.639

10 $0 $230,342 $34,716 $20,201 $7,218 $20,395 $0 $18,651 $28,656 $0 0.608

11 $0 $214,629 $34,716 $19,003 $7,218 $20,429 $0 $19,397 $29,372 $0 0.579

12 $0 $197,620 $34,716 $17,707 $7,218 $20,395 $0 $20,173 $30,107 $0 0.551

13 $0 $179,208 $34,716 $16,304 $7,218 $20,429 $0 $20,980 $30,859 $0 0.524

14 $0 $159,277 $34,716 $14,785 $7,218 $20,395 $0 $21,819 $31,631 $0 0.498

15 $0 $137,702 $34,716 $13,140 $7,218 $20,429 $0 $22,692 $32,422 $0 0.474

16 $0 $114,346 $34,716 $11,360 $7,218 $10,197 $0 $23,600 $33,232 $0 0.451

17 $0 $89,064 $34,716 $9,434 $7,218 $0 $0 $24,544 $34,063 $0 0.429

18 $0 $61,696 $34,716 $7,348 $7,218 $0 $0 $25,525 $34,914 $0 0.408

19 $0 $32,070 $34,716 $5,090 $7,218 $0 $0 $26,546 $35,787 $0 0.389

20 $0 ($0) $34,716 $2,646 $7,218 $0 $0 $27,608 $36,682 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $37,177 $428,991 $247,224 $89,191 $0 $226,059 $347,776 $0

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M

Fuel
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $6,049 $1,123 $0 $17,082 0.951

2 $0 $0 $11,494 $2,135 $0 $17,509 0.905

3 $0 $0 $10,344 $1,921 $0 $17,947 0.861

4 $0 $0 $9,316 $1,730 $0 $18,395 0.820

5 $0 $0 $8,384 $1,557 $0 $18,855 0.780

6 $0 $0 $7,537 $1,400 $0 $19,327 0.742

7 $0 $0 $7,138 $1,326 $0 $19,810 0.706

8 $0 $0 $7,138 $1,326 $0 $20,305 0.672

9 $0 $0 $7,150 $1,328 $0 $20,813 0.639

10 $0 $0 $7,138 $1,326 $0 $21,333 0.608

11 $0 $0 $7,150 $1,328 $0 $21,866 0.579

12 $0 $0 $7,138 $1,326 $0 $22,413 0.551

13 $0 $0 $7,150 $1,328 $0 $22,973 0.524

14 $0 $0 $7,138 $1,326 $0 $23,547 0.498

15 $0 $0 $7,150 $1,328 $0 $24,136 0.474

16 $0 $0 $3,569 $663 $0 $24,740 0.451

17 $0 $0 $0 $0 $0 $25,358 0.429

18 $0 $0 $0 $0 $0 $25,992 0.408

19 $0 $0 $0 $0 $0 $26,642 0.389

20 $0 $0 $0 $0 $0 $27,308 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $83,952 $15,591 $0 $258,901

Avoided Grid 
ElectricYear

Program 
Incentives

Thermal 
Credit

Tax Benefits Avoided 
Externality PV Factor
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COMMERCIAL (Primary Service Rate)
ICE BEAR THERMAL ENERGY STORAGE 
(336 Ton-hours of Storage)
Customer Parameters Escalation

Off-Peak Electricity Fuel Cost = $12.02 /MMBtu 2.5%
On-Peak Retail Electric Rate = $0.0509 /kWh 2.5%

Discount Rate = 5.1%
Federal Tax Rate = 35.0%

State Tax Rate = 6.5%
Sales Tax = 7.6% of Price

Property Tax = 2% of Book Value
Boiler Efficiency = 80%

Grid Electric
Externality Adder = $0.000 /kWh

Self Gen Parameters
Plant Capacity = 43 kW

Installed Capital Cost = $1,657 /kW
Variable O&M Costs = $0.000 /kWh 4%

Fixed O&M Costs = $40 /kW-yr 4%
Generator Heat Rate = 2,626 Btu/kWh

Heat Recovery = 0 Btu/kWh
Capacity Factor = 12% of potential
Generation Sold = 0% of production

Plant Life = 20 years
Self Gen Externality = $0.000 /kWh

Boiler Externality = $0.000 /kWh

Financing
Equity  = 10%

Financing Rate = 8.3%
Loan Term = 20 Years

Tax Incentives
Int. Deduct. Or Dep. = 0 (1=Resid, 0=Corp)

Investment Tax Credit = $0
Book Life = 15 years

Program Incentives
Buy Down = $0 /kW

PBI = $0.000 /kWH 5 yrs
Program Costs = $0

Operational Results
Electric Generated = 44,720 kWh/yr

Electric Sold = 0
Electric Avoided = 44,720

Generator Fuel = 117 MMBtu/yr
TER = 0.00
FER = 0.69
T/T' = 0.00 PURPA minimum

Generator Fuel Cost = $1,411 /yr
Avoided Boiler Fuel = 0 MMBtu/yr

Avd Boiler Fuel Cost = $0 /yr

Cost of Electricity
Cost = $167,249

Benefit = $20,517
Net Cost = $146,732

COE = $0.1641

Present Value of Grid Electric
Avoided Grid Electric = $35,342

PV Grid Rate = $0.0395
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COSTS

Principal Payment Interest Variable Fixed

0 $7,663 $68,964 $0 $0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $67,498 $7,155 $5,690 $1,488 $3,562 $0 $1,789 $1,447 $0 0.951

2 $0 $65,912 $7,155 $5,569 $1,488 $6,769 $0 $1,860 $1,483 $0 0.905

3 $0 $64,194 $7,155 $5,438 $1,488 $6,092 $0 $1,935 $1,520 $0 0.861

4 $0 $62,335 $7,155 $5,296 $1,488 $5,486 $0 $2,012 $1,558 $0 0.820

5 $0 $60,322 $7,155 $5,143 $1,488 $4,937 $0 $2,093 $1,597 $0 0.780

6 $0 $58,143 $7,155 $4,977 $1,488 $4,439 $0 $2,176 $1,637 $0 0.742

7 $0 $55,785 $7,155 $4,797 $1,488 $4,204 $0 $2,263 $1,678 $0 0.706

8 $0 $53,232 $7,155 $4,602 $1,488 $4,204 $0 $2,354 $1,719 $0 0.672

9 $0 $50,468 $7,155 $4,392 $1,488 $4,211 $0 $2,448 $1,762 $0 0.639

10 $0 $47,476 $7,155 $4,164 $1,488 $4,204 $0 $2,546 $1,807 $0 0.608

11 $0 $44,238 $7,155 $3,917 $1,488 $4,211 $0 $2,648 $1,852 $0 0.579

12 $0 $40,732 $7,155 $3,650 $1,488 $4,204 $0 $2,754 $1,898 $0 0.551

13 $0 $36,937 $7,155 $3,360 $1,488 $4,211 $0 $2,864 $1,945 $0 0.524

14 $0 $32,829 $7,155 $3,047 $1,488 $4,204 $0 $2,978 $1,994 $0 0.498

15 $0 $28,382 $7,155 $2,708 $1,488 $4,211 $0 $3,098 $2,044 $0 0.474

16 $0 $23,568 $7,155 $2,342 $1,488 $2,102 $0 $3,222 $2,095 $0 0.451

17 $0 $18,357 $7,155 $1,944 $1,488 $0 $0 $3,350 $2,147 $0 0.429

18 $0 $12,716 $7,155 $1,514 $1,488 $0 $0 $3,484 $2,201 $0 0.408

19 $0 $6,610 $7,155 $1,049 $1,488 $0 $0 $3,624 $2,256 $0 0.389

20 $0 ($0) $7,155 $545 $1,488 $0 $0 $3,769 $2,312 $0 0.370

21 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.352

22 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.335

23 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.319

24 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.303

25 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.288

26 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.274

27 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.261

28 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.248

29 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.236

30 $0 ($0) $0 ($0) $0 $0 $0 $0 $0 $0 0.225

PV= $7,663 $88,420 $50,956 $18,383 $0 $30,859 $21,924 $0

Fuel

Self Gen 
Externality 

AdderYear Capital

Financing/Recovery

Property Tax
PV 

FactorDepreciation

O&M
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BENEFITS

Federal State

0 $0 $0 $0 $0 $0 $0 1.000

1 $0 $0 $1,247 $232 $0 $2,332 0.951

2 $0 $0 $2,369 $440 $0 $2,390 0.905

3 $0 $0 $2,132 $396 $0 $2,450 0.861

4 $0 $0 $1,920 $357 $0 $2,511 0.820

5 $0 $0 $1,728 $321 $0 $2,574 0.780

6 $0 $0 $1,554 $289 $0 $2,638 0.742

7 $0 $0 $1,471 $273 $0 $2,704 0.706

8 $0 $0 $1,471 $273 $0 $2,772 0.672

9 $0 $0 $1,474 $274 $0 $2,841 0.639

10 $0 $0 $1,471 $273 $0 $2,912 0.608

11 $0 $0 $1,474 $274 $0 $2,985 0.579

12 $0 $0 $1,471 $273 $0 $3,060 0.551

13 $0 $0 $1,474 $274 $0 $3,136 0.524

14 $0 $0 $1,471 $273 $0 $3,214 0.498

15 $0 $0 $1,474 $274 $0 $3,295 0.474

16 $0 $0 $736 $137 $0 $3,377 0.451

17 $0 $0 $0 $0 $0 $3,462 0.429

18 $0 $0 $0 $0 $0 $3,548 0.408

19 $0 $0 $0 $0 $0 $3,637 0.389

20 $0 $0 $0 $0 $0 $3,728 0.370

21 $0 $0 $0 $0 $0 $0 0.352

22 $0 $0 $0 $0 $0 $0 0.335

23 $0 $0 $0 $0 $0 $0 0.319

24 $0 $0 $0 $0 $0 $0 0.303

25 $0 $0 $0 $0 $0 $0 0.288

26 $0 $0 $0 $0 $0 $0 0.274

27 $0 $0 $0 $0 $0 $0 0.261

28 $0 $0 $0 $0 $0 $0 0.248

29 $0 $0 $0 $0 $0 $0 0.236

30 $0 $0 $0 $0 $0 $0 0.225

PV= $0 $0 $17,304 $3,214 $0 $35,342

Year
Program 

Incentives
Thermal 
Credit

Tax Benefits Avoided 
Externality

Avoided Grid 
Electric PV Factor
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Appendix C – DG Program Survey Summary 
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