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EXECUTIVE SUMMARY
Study Scope and Objectives
This study was conducted by La Capra Associates and supported by Stantec Consulting
Services, Inc., in response to a Request for Proposal (RFP) issued by the Vermont Electric
Power Company (VELCO) in its role as administrator for the Vermont System Planning
Committee (VSPC). A contract oversight group represented by members of the VSPC
reviewed La Capra Associates’ work and helped to guide the study analysis and approach.
The primary objective of this study is to estimate the potential and the cost of customer‐
sited generation (CSG1) resources in Vermont over 20 years. The information is intended to
be used to assist the state and electric utilities in assessing whether Combined Heat and
Power (CHP) and customer‐sited generation may be viable alternatives to transmission
projects. Vermont requires that electric transmission projects be compared to other
resources such as generation and demand‐side management initiatives which are referred
to as Non‐Transmission Alternatives. The results of this study are to provide estimates of
potential for customer‐sited generation and the analysis is further broken down to identify
potential for each load zone.
For purposes of this study we separated customer‐sited generation into three categories: 2


Combined Heat and Power (CHP) — CHP technology is a combination of equipment
that produces both power and heat from a single fuel source.



Customersited Renewable Energy Generation (CREG) — For this analysis CREG
was limited to farm methane, solar and wind sited for use on a customers’ premises.



PeakReduction Generation (PRG) — PRG may also commonly be known as back‐up
generation and provides electricity during power failures or can be used to curtail
demand during peak periods. No heat source is created but rather only electricity is
produced.

Among the specific objectives outlined in the RFP is to provide for each CSG technology the
following information:


Identify existing CHP installations in Vermont and determine operational status and
other parameters that will assist in the study;

1

Customer-Sited Generation represents the aggregate of customer-sited renewable energy generation, backup- or
peak-based generation, and combined heat and power generation facilities.

2

Utility scaled generation was not considered as part of this study.
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Determine cost effectiveness of future CSG projects using the Societal Test, Total
Resource Test, and Utility Test;



Identify CSG most likely to be available to Vermont consumers;



Identify technical and economically achievable potential of CSG in terms of kilowatt
hours (kWh) and kilowatts (kW);



Identify generic customer profiles where CSG could be cost effective;



Estimate potential using various scenarios relative to incentives, cost effectiveness,
and customer awareness; and



Identify barriers to the deployment of CHP and suggest how to overcome those
barriers.

Data Sources
It is important for the reader of the report to understand the results and conclusions of this
study are assembled using existing data sources and other available public reports.
Limitations in the sources of data that were available to La Capra Associates are noted and
explained throughout the report. As a result we caution that there are limitations as to the
use of the findings and estimates reported herein. In general, we developed generic profile
information by each CSG technology, analyzed the information, and reported the findings
for 16 load zones or geographic areas which were defined by VELCO. (See Appendix A.)
The resulting information includes estimates of technical, economic and achievable
potential, cost effectiveness testing, supply curves, and other important metrics to help
inform the state as to the potential for CSG in Vermont by load zone. The amount of
potential is not intended to be used for a specific transmission project but rather its
purpose is to help guide transmission planners on a high‐level basis as to where likely CSG
potential exists. The results of this study form the basis of information for other planning
studies on a broad and generic basis. The outcomes of this analysis are meant to provide a
high‐level indication of the amount of CSG that exists in the state. More specifically the
supply curves from this study are intended for use as generic inputs into future
transmission planning. The CSG information is intended to provide valuable information for
direct use in Transmission/Non‐Transmission Alternatives analysis. In particular the
supply curves provide estimates of the amount of CSG that can be installed at certain prices.
However, it should be noted that use of the data outside this scope is inappropriate and
could lead to misleading conclusions.

La Capra Associates
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Organization of Report
The organization of the report is broken into four sections. The first section is a brief
introduction to the study. The second section of the report is an overview of the study
which includes objectives of the study, an introduction to the output, and an overview of the
analytic approach employed to reach results. The third section provides a summary of
existing CSG and an overview of the technology. The final section details the study results
including a summary of information by technology for CHP, PRG, and CREG.

Overall Summary of Data and Approach to Analysis
La Capra Associates sought to obtain data related to existing customer‐sited generation
from a variety of sources (i.e., a survey of Vermont utilities, the Clean Energy Development
Fund, the Vermont Public Service Board net metered customers, the Vermont Sustainable
Jobs Fund, and Energy and Environmental Analysis, Inc./ICF International). The most
complete data source of customer‐sited renewable generation was from the Vermont
Sustainable Jobs Fund (VSJF), and existing CHP technologies were summarized from
information gathered by the Energy and Environmental Analysis, Inc./ICF International.
The VSJF data was used to identify existing customer‐sited generation throughout Vermont.
Based on a review of the existing generation sources, three renewable‐based technologies
were identified for consideration in the analysis as having enough scale to be viable
alternatives to transmission projects: wind, solar and farm methane. Data related to
existing CHP sites was assembled from publically available sources. Energy and
Environmental Analysis, Inc./ICF International provided a list of CHP sites for the state and
are discussed more below. The data summarized from VSJF identified 967 sites with
existing generation installed by customers for three main sources of renewable generation.
The data was supplemented by adding load zone information based on zip codes of the
installation sites. This enabled La Capra Associates to categorize the existing CREG data by
load zone. A summary of the data for CREG is provided in the following table.
TABLE 1: STATE OF VERMONT EXISTING CUSTOMER-SITED RENEWABLE ENERGY GENERATION

According to the Energy and Environmental Analysis, Inc./ICF International list there are 28
CHP units existing in the state of Vermont. However, this list included utility‐scale projects.
Removing utility‐based CHP units (Ryegate and Vermont Marble’s peaking unit), left 26
units totaling 15 megawatts (MW) that can be classified as customer‐sited CHP. The

La Capra Associates
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following table summarizes existing customer‐sited units by technology from the list
provided by Energy and Environmental Analysis, Inc./ICF International website.

TABLE 2: STATE OF VERMONT EXISTING COMBINED HEAT AND POWER PLANTS

Number of
CHP Type
Sites
Boiler Steam
9
Micro Turbine
1
Reciprocating Engines
16
TOTAL
26

Capacity
(kW)
9,556
60
5,428
15,044

It should be noted that in reviewing the list of existing CHP units, it was observed that there
are a number of CHP units on the list that are no longer in operation at the sites listed.
Therefore, there are limitations with this data and the reader should not construe the
information to mean that there are 26 units in operation today for a total of 15 MW.
Follow up interviews were conducted for a subset of the existing 26 CHP units and La Capra
Associates found that roughly 33% of the CHP units were in operation for those customers
that responded to the survey. La Capra Associates worked with Stantec Consulting Services
to sort the list of 26 businesses into groups. At least one customer from each group was
identified to target in a follow up survey. Eight customers were contacted and six
responded to the interview. Of the six customers contacted only two reported that the CHP
unit was in operation.
The main reasons quoted for not running the units were economics and reliability. For
many of the customers the units were too expensive to run and the reliability and operation
of the units left them unreliable.
In order to make projections of future CSG technologies, La Capra Associates required
customer data for the state related to electric use and heating needs. Characterization of
Vermont electric loads by zone was developed using Vermont utility load data provided by
Efficiency Vermont (EVT) and Burlington Electric Department (BED). A national dataset
from the Bureau of Economic Analysis (BEA) was used to create an estimate of thermal
need in Vermont. Following the collection and synthesis of this data, customer groups, or
segments of customer data driven by the Standard Industrial Classification (SIC) code, were
created. Additionally, electric and thermal load profile assumptions for the Vermont load
were developed and used to identify the suitability of the various technologies included in
the study.
The next step of La Capra Associates’ analysis explored and identified commercially
available CHP and viable Vermont‐based customer‐sited generation technologies that were
applicable to Vermont customer loads. La Capra Associates was then able to model and
La Capra Associates
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simulate the impact of siting generation for “typical customers” in a segment. Additionally,
using generator information and typical Vermont customer load assumptions, La Capra
Associates used an economic modeling tool that was developed for this project to perform
economic tests and to create supply curves of the technologies and customer loads. (See
Figure 1.) In this final step, the model was used to assess and determine the technical and
economic potential of CHP and customer‐sited generation.

$/kWh

State of Vermont cumulative supply curve for CHP in
Vermont: Net cost to provide electricity
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FIGURE 1: STATE OF VERMONT CUMULATIVE SUPPLY CURVE FOR CHP IN VERMONT: NET COST TO PROVIDE ELECTRICITY

The supply curve allows the reader to compare the cost of CSG technology sources from
cheapest to most expensive while at the same time identifying how much potential exists in
kW at various price points. As can be seen in Figure 1, the supply curve starts at just above
10 cents/kWh and at that price point there is zero kW potential identified from the analysis.
However, as you move to approximately 15 cents/kWh there is roughly 100,000 kW of
potential customer load available that could be served by CHP. The supply curve highlights
the trade‐off between cost and volume. In order to reach greater volumes of kW of CHP it
will require paying a greater price.
Ultimately the analytic model evaluated the economics of CHP, PRG, and CREG. The model
allowed La Capra Associates to perform analysis of the three types of generation and
determine the economics for the Total Resource Cost test 3 and the Vermont Societal Cost

3

Total Resource Cost Test compares the installed and operational cost of a CSG technology to the savings
achieved by the customer as a result of the installation.

La Capra Associates
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Test 4 which were key elements of the work scope requested by the VSPC. The value of
externalities was provided by the DPS. Externality values are the same that are used for
DSM planning and screening as of the date of this report.
Key assumptions used in the model are summarized below:


Limited the size of generation to the customer’s peak demand thus tying the size to the
customers’ electricity or heating needs to the technology being evaluated therefore,
we did not over size generation. Utility scaled generation was not considered as part of
this study.



Estimated the approximate heating use (thermal load) of various customer groups by
SIC code and merged this data with another SIC code‐based dataset for electric
consumption. This allowed us to approximate for each SIC code the kW and heating
needs of that class of business customers.



Developed groups of customers within the SIC code data based on thermal use for the
CHP portion of the analysis. This allowed us to form manageable groups of customers
(referred to as segments in the study) and to create an average customer profile
within the segment for modeling purposes. Modeling every SIC code was impractical
given there are hundreds of SIC codes included in the data.



Estimated the potential for CREG by using historic data and trend analysis. Data from
the Vermont Sustainable Jobs Fund (VSJF) provided La Capra Associates with a
database of existing renewable generation located throughout Vermont. Estimates of
technical and market potential for farm methane, solar and wind were developed
using a trending approach based on historic implementation rates. A detailed
description of the analysis for CREG is found in Study Results (Section 5 D) for each
technology.

Study Results
There are several objectives for this study that were described previously. The primary
objective was to provide informed estimates of technical and economic potential of CSG in
Vermont. This information in turn will serve as input into Transmission and Non‐
Transmission Alternatives analyses. The supply curves and cost parameters developed in
this study will be useful in conducting those analyses.
This study produces detailed information on the relative attractiveness of technologies for
CHP, Peak‐Reducing Generation and renewable generation sited at customer’s homes and
businesses. This study demonstrates the economics for customers considering CSG, as well

4

Societal Cost Test measures the net costs of a technology based on the total resource costs and includes
externalities. This measure attempts to quantify the change in total resource costs to society as a whole due to
the installation of a technology.

La Capra Associates
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as the impact incentives from the state or utilities can have on improving the economics.
The following sections provide a summary of the results. Much of the detailed zonal
information is provided within Appendices G and H.

Overall Results Summary
The core results of this study provide estimates of the technical, economic or market
potential for customer‐sited generation for each zone in Vermont. Table 3 below shows the
breakdown by type of customer‐sited generation by zone. The descriptions of the
‘potential’ metric shown in Table 3 are: 5


CHP Technical Potential —Based on optimal6 size and technology analysis;



CHP Economic Potential—An estimation of the amount of CHP that has a lower net
cost than peak reducing or emergency generation. Therefore, CHP economic potential
is the potential amount of CHP that is the least cost CSG option. This level of CHP
potential still requires some amount of project specific transmission project cost
savings to be considered as providing economic benefits for Vermont consumers;



PRG Technical Potential — limited only by the size of the customer7;



PRG Economic Potential—Amount of PRG technical potential estimated to have
lower total net costs than CHP. This level of PRG economic potential has not been
tested versus utility sized peaking generation. It should be noted that the definition of
Economic Potential here should not be interpreted as the amount of PRG that
customers will find is cost effective to install. Rather the figures of PRG economic
potential are merely the amount of capacity that has a cheaper net cost relative to CHP.
For this study PRG Economic Potential is a subset of technical potential that has been
screened only against CHP technologies;



Renewable Technical Potential (farm methane)—Based on number of medium to
large farms;



Renewable Technical Potential (wind)—Based on portion of state with Class 2 and
Class 3 winds and number of customers;

5

Technical potential for CHP and PRG technologies was not discounted for State air quality requirements.
Limitations required by the state could decrease the amount of CHP and PRG that could actually be permitted due
to regulations related to air emissions for this type of technology.

6

Optimal size and technology means choosing the least expensive technology. In the model we compare the cost
of all CHP technology applications for a customer segment and choose the technology that has the lowest net
cost per kW. The capacity of the plant was also optimized on the same cost basis.

7

We did not discount PRG technical potential estimates for limitations due to environmental impacts such as air
emissions. This study is focused on local impacts for transmission studies and therefore, what is shown for PRG
estimates is the sum of the technical potential in each zone.

La Capra Associates
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Renewable Technical Potential (solar) – Based on number of customers and peak
load of state; and



Renewable Market Potential – These estimates are derived by estimating the future
market penetration in two ways, the first utilizing the extrapolation of the recent five
year trend for growth in customer‐sited renewable energy generation, the other using
the last ten years, to create a low‐to‐high range.

TABLE 3: STATE OF VERMONT CUSTOMER-SITED GENERATION POTENTIAL8

Zone

2007‐2009
average peak
MW (C&I)

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\ Addison GMP

Middlebury
Central ‐ Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
Total

21.9
40.9
18.3
16.4
59.0
21.1
53.9
45.9
113.6
23.7
40.5
41.1
70.7
17.9
96.2
23.3
704.4

CHP MW

PRG MW

Solar MW
MKT
MKT
(High
(Low
Case)
Case)
0.4
0.2
0.9
0.4
0.4
0.2
0.4
0.2
2.1
1.1
0.4
0.2
0.9
0.4
0.0
0.0
4.8
2.4
0.3
0.2
1.5
0.8
0.0
0.0
1.6
0.8
1.0
0.5
2.8
1.4
0.7
0.3
18.2
9.1

Technical Economic Technical Economic Technical
Potential Potential Potential Potential Potential
18.6
19.1
8.7
15.5
52.8
20.1
33.6
28.6
61.1
21.6
34.4
36.8
66.0
16.2
88.9
10.9
532.8

0.0
11.0
0.0
0.0
0.0
0.0
12.7
10.8
33.1
0.0
0.0
0.0
0.0
0.0
0.0
6.3
73.9

21.9
40.9
9.7
16.4
59.0
21.1
53.9
45.9
113.6
23.7
40.5
41.1
70.7
17.9
96.2
23.3
695.8

21.3
26.7
4.5
15.6
19.1
20.1
15.7
13.3
73.9
23.7
39.4
13.3
70.7
17.0
91.0
15.2
480.6

9.1
17.0
7.6
6.8
24.5
8.8
22.3
19.0
47.1
9.8
16.8
29.3
7.4
39.9
9.7
17.0
292.0

Wind MW
MKT
MKT
Technical
(High
(Low
Potential
Case) Case)
1.1
0.4
0.2
1.2
0.3
0.2
0.8
0.3
0.2
1.0
0.6
0.3
4.1
0.6
0.3
1.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
6.2
2.0
1.0
0.4
0.4
0.2
1.1
0.2
0.1
0.0
0.0
0.0
2.0
0.3
0.1
0.4
0.0
0.0
1.4
0.2
0.1
0.5
0.2
0.1
22.0
5.6
2.8

Farm Methane MW
MKT
MKT
Technical
(High
(Low
Potential
Case)
Case)
2.7
0.7
0.3
2.0
0.5
0.3
0.9
0.2
0.1
0.6
0.2
0.1
0.8
0.2
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.3
0.6
0.3
1.7
0.4
0.2
0.8
0.2
0.1
0.0
0.0
0.0
1.0
0.3
0.1
0.1
0.0
0.0
0.7
0.2
0.1
1.3
0.3
0.2
14.8
3.7
1.9

From the results in this table, we conclude that:
1. There are limited customer sited generation options which have net benefits
under the societal test and therefore the potential to avoid significant transmission
projects is unlikely. However, there may be exceptions on a case–by‐case basis
where an individual customer site may be more cost effective than we have been
able to model due to the unique circumstances of that customer’s use patterns and
needs. This study, which uses typical customers by segment, is not intended to
represent a detailed level of granularity and instead the information and results
are a representation on a high‐level and generic basis. Often customer specific
circumstances such as reliability, power quality, and environmental policy are
factors that make customers move forward on a limited basis toward CSG
2. There is significant technical potential but a low level of economic potential for
CHP and renewable CSG. There are approximately 74 MW of CHP and between 14
MW and 28 MW of renewable CSG economic potential.

8

CHP economic potential does not include estimates for CHP plants that could make use of waste fuel. These
limited applications would add to the economic potential where these plants would be equal to or less than the
customer peak demand.
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3. The customer‐sited PRG has the best chance for significant development to reduce
peak if it is determined that its cost can compete favorably with the costs of
Transmission Alternatives and other Non‐Transmission Alternatives.

The study results for CHP are broken down into detailed supply curves as shown below.
Only a small portion of CHP technical potential has lower net costs to reduce peak than
customer PRG. Much of the detailed zonal information is provided within Appendices G& H.

State of Vermont
Total Net Present Value of Total Cost of CHP
Total Societal Cost

Run as Peaker

$25,000
$/kW

$20,000
$15,000
$10,000
$5,000
$0
‐$5,000

0

100,000

200,000

300,000

400,000

500,000

600,000

Cumulative CHP Capacity (kW)

FIGURE 2: STATE OF VERMONT CUMULATIVE SUPPLY CURVE FOR CHP IN VERMONT: TOTAL NPV OF TOTAL COST OF CHP

Conclusions
Conclusions and limitations related to existing CHP and CREG include:


Utility SIC code data had limitations.



To determine thermal customer load, we applied a national data set to approximate
thermal use by SIC code. While not an exact fit this provided a general indication by
C&I type.



Definition of technical and economic potential is uniquely defined from other types of
studies and the reader should apply the definition contained in this report.



Results of report are not intended to be used outside of transmission planning
analysis.



Data for CREG and CHP do not contain dates of installation. Use of trend analysis
required bracketing of results to establish technologies most likely to be available to
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Vermont consumers (wind, solar and farm methane). Hydro, biomass, and other types
of renewable resources were not analyzed due to limited applications and niche
market opportunity which was beyond the scope of this study.


Not all CHP facilities on the list of existing units are still in operation.



Survey of existing CHP is not statistically valid to apply to the entire population due to
small sample size and population size.



Prices and capacity factor assumptions for CREG are from Docket 7533 which have not
been verified by La Capra Associates.



Many technologies are available for use in CSG applications.



This report analyzes the potential of five CHP technologies:
à
à
à
à
à

Reciprocating Engines
Steam Turbine Generators
Combustion Turbines
Microturbines
Fuel Cells



These technologies have advantages and disadvantages, but based on levelized cost
reciprocating engines and steam turbines when operated on natural gas appear to
have the most potential.



In applications where CHP does not appear economic due to poor thermal
characteristics or high fuel cost, PRG will be more attractive.



Reciprocating engines have the highest PRG potential due to low installed costs.



This report analyzes the potential of three renewable technologies:
à
à
à



Wind
Solar
Farm Methane

Based on levelized cost, renewable energy is almost competitive with CHP if no natural
gas is available.

Conclusions related to CHP results are as follows:


CHP is likely to have an extremely limited role in NTA analysis due to the limited
amount of MW’s that passed the economic screening for the state as a whole.



CHP has widespread technical potential in Vermont, although in most instances the
costs far exceed conventional alternatives.



In most customer locations CHP generation would have an optimum size that is a
significant portion of customer’s peak demand.
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CHP in zones with natural gas have reasonable economic potential measured as a
percent of technical potential.



CHP without natural gas availability is a higher‐cost choice than peak reducing
generation as a means to alleviate transmission planning identified needs.



Even with CHPs higher efficiency than utility scale natural gas fueled combined cycles,
CHP that uses distillate or other higher cost fuels will lose money on a societal cost
basis for each kWh produced.



Customer economics for installing CHP are poor without incentives. The analysis
demonstrates that only 25 MW can reach a three‐year payback even with a large
percentage of installation costs being provided by incentives.



The economic potential of CHP could approach zero if the customers within a load
zone have poor thermal match characteristics, despite reasonably high customer
thermal consumption.

Conclusions related to PRG technologies are as follows:


Peak reducing generation has widespread technical potential in Vermont.



In most customer locations peak reducing generation has a lower net cost than CHP.



Peak reducing generation must be compared to utility or system scale peaking
generation to determine if it is the most economic way to alleviate transmission
planning identified needs.



Current markets for demand response program capacity do not provide enough
economic benefits to make it economic for customers to install PRG unless an acute
reliability concern exists.

Conclusions related to CREG technologies are as follows:


Used past rates of installation as indicator for future rate of development.



Based on past financial incentives; future incentives could be higher or lower.



We believe using the bounding approach of five years to ten years is a reasonable
method to approximate the market potential in Vermont, but it should be noted that
the estimates are generic and broad based.



Farm Methane
à

Technical Potential 176 farms and 15 MW.

à

Market Potential between 22 and 44 farms for a total of 1.9 MW to 3.7 MW
over 20 years.

à

Did not include discount for lack of access to three phase distribution service.

à

Did not take into account economic pressures in the dairy industry and the
reduction of dairy farms into the future.
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Solar
à

Technical Potential 292 MW.

à

Market Potential between 9.1 MW and 18.2 MW over 20 years which would be
installed over 1,619 to 3,236 customer sites, respectively.

à

We do not consider technology advances or lower future costs of solar on an
installed basis.

à

It is critical to note that the actual effectiveness of intermittent solar
generation resources for use in transmission planning analyses could be as low
as zero depending upon the timing of the peak load reduction required.

Wind
à

Technical Potential 22 MW over 20 years.

à

Market Potential between 2.8 MW and 5.6 MW over 20 years which would be
installed over 294 to 588 customer sites, respectively.

à

The estimate of the number of customers living in a location with sufficient
wind is an approximation. Additional data and study would be needed in
order to refine these assumptions and to therefore provide better results.

à

It should be noted that the wind classes are not uniformly distributed across
the landscape and people tend to live away from high wind locations.

à

We do not consider technology advances or lower future costs of small wind
on an installation basis.

à

It is critical to note that the actual effectiveness of intermittent wind
generation resources for use in transmission planning analyses could be as low
as zero depending upon the timing of the peak load reduction required.
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1. INTRODUCTION
This study was conducted by La Capra Associates and supported by Stantec Consulting
Services, Inc. in response to a Request for Proposal (RFP) issued by the Vermont Electric
Power Company (VELCO) in its role as administrator for the Vermont System Planning
Committee (VSPC). A contract oversight group represented by members of the VSPC
reviewed La Capra Associates’ work and helped to guide the study analysis and approach.
The primary objective of this study is to estimate the potential and the cost of customer‐
sited generation (CSG9) resources in Vermont over 20 years. 10 The information is intended
to be used to assist the state and electric utilities in assessing whether Combined Heat and
Power (CHP) and other customer‐sited generation may be viable alternatives to
transmission projects. Vermont requires that electric transmission projects be compared to
other resources such as generation and demand‐side management initiatives which are
referred to as Non‐Transmission Alternatives. The results of this study are to provide
estimates of potential for customer‐sited generation and the analysis is further broken
down to identify potential by load zones.
For purposes of this study we define customer‐sited generation in three categories:


Combined Heat and Power (CHP)—CHP technology is a combination of
equipment that produces both power and heat from a single heat source.



CustomerSited Renewable Energy Generation (CREG)—For this analysis CREG
was limited to farm methane, solar photovoltaic and wind sited for use on a
customers’ premises.



PeakReduction Generation (PRG)—PRG may also commonly be known as back
up generation and provides electricity during power failures or can be used to
curtail demand during peak periods. No heat energy is provided by the PRG, but
rather only electricity.

The list of specific objectives outlined in the RFP is to provide for each CSG technology the
following information:


Identify existing CHP installations in Vermont and determine operation status and
other parameters that will assist in the study.

9

Customer-Sited Generation represents the aggregate of customer-sited renewable energy generation, backup- or
peak-based generation, and combined heat and power generation facilities.

10

Utility scaled generation was not considered as part of this study.
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Determine cost effectiveness of future CSG projects using the Societal Cost Test,
Total Resource Cost Test, and Utility Cost Test11.



Identify CSG most likely to be available to Vermont consumers.



Identify technical and economically achievable potential of CSG in terms of kWh
and kW.



Identify generic customer profiles where CSG could be cost effective.



Estimate potential using various scenarios relative to incentives, cost effectiveness,
and customer awareness.



Identify barriers to the deployment of CHP and suggest how to overcome those
barriers.

Data Sources
It is important for the reader of the report to understand the results and conclusions of this
study are assembled using existing data sources and other available public reports.
Limitations in the sources of data that were available to La Capra Associates are noted and
explained throughout the report. As a result, we caution that there are limitations as to the
use of the findings and estimates reported herein. In general we developed generic profile
information by each CSG technology, analyzed and reported the findings for 16 load zones
or geographic areas which were defined by VELCO. There may be exceptions on a case–by‐
case basis where an individual customer site may be more cost effective than we have been
able to model due the unique circumstances of that customer’s use patterns and needs. This
study is not intended to represent that level of granularity and instead the information and
results are a representation on a high level and generic basis.
The resulting information includes estimates of technical, economic and achievable
potential, cost effectiveness testing, supply curves, and other important metrics to help
inform the state as to the potential for CSG in Vermont by load zone. The amount of
potential is not intended to be used for a specific transmission project but rather to help
guide on a high level basis where likely CSG potential exists. The results form the basis of
information for other planning studies on a broad and generic level. The outcomes of this
analysis are meant to provide a high level indication of the amount of CSG that exists in the
state. The supply curve results for CHP provide valuable information for direct use in
Transmission/Non‐Transmission Alternatives analysis. Supply curves provide estimates of
the amount of CSG that can be installed at certain prices. Use of the data outside this scope
is inappropriate and could lead to misleading conclusions.

11

The Utility Cost Test was explicitly modeled in the study after initial results showed an overall unfavorable societal
cost test economics and poor customer payback.
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Organization of Report
The organization of the report is broken down into four sections. The first section is a brief
introduction to the study. The second section of the report is an overview of the study
which includes objectives of the study, an introduction to the output, and an overview of the
analytic approach employed to reach results. The third section is a summary of existing CSG
and it provides a technology overview. The final section details the study results, and breaks
down the information for CHP technologies, PRG, and CREG.
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2. STUDY OVERVIEW
The VSPC is the cornerstone of a collaborative process for electric transmission system
planning. The process was created through a Memorandum of Understanding (MOU),
approved by the Vermont Public Service Board in Docket 7081, to ensure “full, fair and
timely consideration cost effective non‐transmission alternatives.” The VSPC’s voting
members include all Vermont’s electric distribution utilities and VELCO, plus three public
members, appointed by the Board to represent residential customers, commercial
customers and the environmental community respectively. The Department of Public
Service, the statewide Energy Efficiency Utility, and the entity appointed to foster the
development of renewable energy contracts, called the SPEED Facilitator, hold non‐voting
seats. The group meets quarterly to review utilities’ analyses, planning and cost allocation
proposals to resolve reliability deficiencies identified by the utilities and VELCO.

A. Objectives
The objective of this study is to estimate the potential and the cost of CSG resources that will
be used in transmission project analysis. Utility‐based technologies are not part of this
study and the focus is on customer‐sited applications. The objective of this study is unlike
those that characterize many electric resource studies. Typically, economic studies of
electric system resources are undertaken to directly inform a specific resource decision.
Vermont requires that electric transmission projects be compared to other resources such
as generation and demand‐side management initiatives which are referred to as Non‐
Transmission Alternatives. The results of this study are to provide information about the
potential for customer‐sited generation, whether that is CREG, PRG, or CHP. More
specifically three questions are relevant to transmission planning that are the focus of this
study:
1. What level of reduction in customers’ peak demand and energy is already available
from existing CSG?
2. What is the technical potential by technology for CREG, PRG, and CHP?
3. What is the economic potential by technology for CREG, PRG, and CHP?
In answering each question the information is produced on a zonal basis for Vermont.

B. Introduction to Study Output
This section will describe the output and intended uses of the study. The information in the
study must be used in the proper context and avoid overly positive or overly negative
conclusions about the future of CSG in the state of Vermont. The output is intended to
represent generic economic and supply information of various CSG technologies and is
intended to be used to inform transmission planning analytics. This information does not,
La Capra Associates
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however, represent any site‐specific resource information, and therefore, individual sites
and applications may have very different results and applications.

1. OUTPUT
The output of this study was designed and chosen in order to provide high level
information relative to the economics and quantity of varying CSG technologies. This
section of the report will summarize key metrics and supply curve information created
in the analysis.
a. Metrics —The study uses the following metrics to discuss and determine the
potential of CSG. These metrics are developed for each Vermont Zone,12 and are
broken into twelve segments for commercial and industrial load.
i.

Net Present Value (NPV) — Net present value is a calculation of the present
dollar value of a future set of cash flows. In the analysis, this metric is
determined from several perspectives. In each case the result is the net
present value in dollars per kilowatt over a 20‐year period. The NPV is
determined from the customer’s perspective if the customer not only hosted,
but also owned and operated the generation. The NPV is also determined from
a Vermont resource planning perspective by using a Total Resource Cost
methodology and the preferred Societal Cost Test (these tests are described
more fully in Section 3). The NPV is expressed on an annualized and total NPV
basis. Negative NPVs mean that the CSG provides a net economic benefit while
positive NPVs mean the CSG is more expensive.

ii. Cost of Electricity — This metric represents the cost of producing electricity
in CHP applications. It is used to calculate the electric portion of CHP‐based
technologies, and is therefore calculated only for CHP in this study. The cost of
electricity includes all the costs of production less the savings from using the
thermal output of CHP as an offset to the costs. The cost of electricity is
expressed in dollars per kilowatt‐hour ($/kWh).
iii. Net Cost to Reduce Peak — The Net Cost to Reduce Peak value is the NPV of a
project divided by the size of the technology in kW and is therefore expressed
on a unitized basis. It is expressed in $/kW. This metric is a core data input
into the transmission planning process and is used to compare the cost of a
transmission project to the cost of customer‐sited generation. This metric
essentially represents what the $/kW cost is for a CSG application when
displacing a transmission project. A negative NPV indicates a net economic
benefit without considering transmission project savings, while a positive NPV
indicates a net economic cost prior to considering a transmission cost savings.

12

See Appendix A for load zone details.
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iv. Payback (PB)—This metric is an indicator of economic attractiveness of a CSG
project for the host customer as an owner of the equipment. It is determined
by calculating the period of time, within the 20‐year cash flow analysis, it takes
to return the customer’s investment.
v. Internal Rate of Return (IRR)—This metric is an indicator of economic
attractiveness of a CSG project for the host customer as an owner of the
equipment. It is determined by the cash flow to the customer assuming the
investment is made without financing.
b. Supply Curves— A supply curve for a specific category of CSG, such as CHP, is
constructed by taking a specific measurement such as the cost of electricity for a
segment along with the corresponding capacity of the CSG expected for this
segment and sorting the segment list from best value to worst value of the metric
plotted on a cumulative basis. See Figure 3 for a hypothetical example. Figure 3
shows that an estimated amount of CSG capacity (X kW) along the horizontal axis
can produce electricity at that cost (Y $/kWh) or less which is shown on the
vertical axis. Therefore, to achieve X kW it will cost Y, expressed in $/kWh.

$/kWh

CHP Net Cost to Provide Electricity

Y

X
Cumulative CHP Capacity (kW)
FIGURE 3: ILLUSTRATIVE USE OF SUPPLY CURVE

Supply curves are a fundamental product of our analysis in this study and the
results for various technologies are displayed in Appendices F, G and H.
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2. USES OF OUTPUT
It was described above that there are two applications for the results of this study. This
information is more fully detailed below.
a. Transmission Planning/Non Transmission Alternatives
Transmission planning not only analyzes different transmission project configurations
but evaluates alternatives to transmission, referred to appropriately as Non‐
Transmission Alternatives (NTA). CSG is just one of the NTAs considered by planners
along with energy efficiency programs, demand response and other demand
management programs, renewable energy generation and conventional generation,
including peaking. The metrics described above for CSG potential will be useful to the
Transmission/NTA analysis in that it provides input data and screening indications. An
analyst evaluating the NTA usage of CSG should be able to quickly approximate a
capacity potential for CHP and have an estimate of Net Cost to Reduce Peak in $/kW that
can be incorporated into their analysis.
The Transmission/NTA analyst must also assess whether there is a reliability benefit
associated with any or all of the CSG options in their specific transmission reliability or
capacity needs assessment. One example of this would be if the local peak demand of
concern occurs at a time when solar or wind capacity would have a questionable
amount of resource potential. In this scenario the solar and wind options will be
extremely limited. This study did not try to address the amount of megawatts of CSG
capacity that is the reliability equivalent to a transmission project.
i.

13

CSG Customer Economics — The CSG customer economics in the form of IRR
and Payback are used within the analysis to determine if there will be
increasing amounts of CSG within a particular zone. If the economics show
payback less than three years there is a potential for new installations of CSG.13
If the payback is greater than seven years we assume there needs to be
additional or site specific benefits or a particular customer preference if there
would be any measurable CSG installed by customers. 14 These economics can
be enhanced by a state or utility program offering incentives for the
installation of CSG.

Primen market research results as provided by Energy and Environmental Analysis Inc. CHP Market Potential in
the Western States. Oak Ridge National Laboratory Report No. B-REP-05-5427-013. September 2005. Pgs. 20-21.
http://www.uschpa.org/files/public/CHP%20Market%20Potential%20in%20the%20Western%20States%2005.pdf.
Accessed Nov 29, 2010.

14

Ibid.
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The customer economics should be an indicator of whether program
incentives alone could produce the response by customers that would install
the required amount of CSG. However, the incentives may not be able to
stimulate the customer driven installations of CSG. Poor customer economics,
even after incentives, indicates that more direct involvement by the utilities,
the state or another sponsoring organization, in the form ownership,
operations and/or maintenance, would be required for implementation.
ii. CSG Potential as an Electric System Resource (aka Societal Cost) — The
CSG potential as an electric system resource is based upon all the costs and
savings from the technology. CSG is considered economic as an electric system
resource if the CSG costs of buying, installing and operating are less than the
offsetting savings of electric, fuel, and avoided costs including externalities.
The Transmission/NTA analyst is required to look at alternatives in terms the
Societal Cost Test. Therefore, the net cost metrics in this study are provided on
a societal cost basis as well as a total resource cost basis and are noted
accordingly.
Estimates provided in this study are to be used as inputs for purposes of future
transmission project screening. Therefore, the net cost metrics in this study do
not include avoided transmission costs.
The Net Cost to Reduce Peak supply curve also indicates another important
issue. In most segments analyzed for Vermont the CHP equipment needs to be
supplied by a fuel which is at a premium cost relative to natural gas. As most
of the state does not have access to natural gas we used other fuels such as fuel
oil where gas was not available. 15 Distillate fuel oil prices compared to natural
gas not only erode the efficiency benefits but leave CHP as more costly then the
avoided electric energy in most hours. Wholesale natural gas prices are a
primary driver of the market prices for electricity within New England and
thus electric avoided costs are based on natural gas emissions characteristics.
The combination of these two dimensions causes CHP to be less cost effective.
In fact, the more hours we assume for operation of a CHP unit actually causes
the NPV value to be increasingly more expensive and thus less economic. This
means most of the supply curve shows that operating the CHP is more costly
than just using the same equipment as a customer sited peak reducing
generation (PRG), which only runs when needed during an outage or for
purposes of peak shaving. This is illustrated in the chart below on a conceptual
basis (and therefore there are no units in this example chart).

15

A detailed analysis of locally produced fuel sources such as methane from waste water treatment facilities was not
included as part of this study due to limitations of the project scope.
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State of Vermont
Total Net Present Value of Total Cost of CHP
Total Societal Cost
$25,000

Run as Peaker

CHP to the right of this line
is better if run 0 or very
few hours

$20,000
$15,000
$10,000
$5,000
$0
0

100,000

200,000

300,000

400,000

500,000

600,000

‐$5,000
FIGURE 4: ILLUSTRATION OF HOW THE ECONOMIC POTENTIAL OF CHP WAS DETERMINED

3. CSG POTENTIAL
The ‘potential’ for CSG in this study are defined in two categories; technical and
economic. We define technical potential as an amount of a technology, in kW or kWh,
which could technically be constructed or sited, without regard to costs, willingness of
customers to adopt the technology, or of practical feasibility. Technical potential is
therefore an upper bound for each technology. The technical potential numbers listed
in this study should not be construed to represent what could actually be implemented
at the customer locations. Rather these numbers merely represent a theoretical
maximum. Economic potential for CSG is defined as the portion of the technical
potential that has the potential to be economic as a result of a Non‐Transmission
Alternatives analysis. We determine the potential by using an economic screening such
as the societal cost test which is part of this analysis. Economics play a major role in
limiting the estimates of potential by technology. It should be noted that CSG potential
differs among technologies and from terms commonly used with the study of energy
efficiency, and therefore the reader should clearly review the definition details laid out
below that are used specially for this study.
a. Technical Potential—This study provides technical potential that is defined
differently for the three types of CSG: CREG, PRG and CHP. It is important to note
that since we define CSG as limited to the size of the customer, the three potentials
are not additive, but rather they overlap with each other. For example if we
assume we sized CHP to cover a customer’s peak demand then there would be no
additional potential for solar or wind at the customer’s premises as it is already
served by CHP. As a result we cannot add technical potential from all the
La Capra Associates
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technologies to calculate a total Vermont technical potential number from all CSG
sources in this study. 16
i.

PRG — PRG equipment has a technical potential that is not limited by fuel
availability (i.e. it is not limited by the existing natural gas service area as it is
assumed other fuels such as oil and propane are available). This study
defined customer‐sited generation as sizes up to the customer’s peak demand
unless generation technology cannot be sized to meet this demand because
customer demand is too small. Thus the technical potential of PRG is nearly
equal to the commercial and industrial peak demand within a zone.

ii.

CREG — Renewable‐based technical potential is defined by the population of
customers for which the technology could be installed without regard to cost.
The technical potential for CREG includes residential, commercial and
industrial customers. More detailed description by each technology is
included in Section 4 D of the report as each type of renewable generation has
a unique technical potential definition.

iii.

CHP — CHP has a high technical potential in Vermont. The CHP technical
potential that is defined in this study as the sum of the optimum or least
expensive sized CHP units for each customer defined sub‐segment. Thus this
technical potential can approach the sum of the customer demand within a
sub‐segment.

b. Economic and Market Potential—This study also provides economic potential
that is defined differently for the three CSG categories: CREG, PRG and CHP. Unlike
technical potential, the three economic potential values are partially additive. At
some locations a combination of CHP, PRG and CREG may be deployed with the
limiting factor being the customer’s peak demand.

16

i.

PRG—The PRG equipment economic potential is a subset of the technical
potential that can be limited by size of the customer and economics. The
smallest‐sized customers under 10 kW were excluded due to the high
installed cost of equipment. The economic potential of PRG is also based on
segments where PRG is more economical than CHP. For this study PRG
Economic Potential is a subset of technical potential that has been screened
only against CHP technologies.

ii.

CREG—CREG “economic potential” was developed using historic rates of
implementation of projects in Vermont and we therefore, use the term

Technical potential for CHP and PRG technologies was not discounted for State air quality requirements.
Limitations required by the state could decrease the amount of CHP and PRG that could actually be permitted due
to regulations related to air emissions for CHP technology.
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market potential in place of economic potential in the study for CREG
resources. The reason for using trending was due to the fact that the model
resulted in no CREG technologies being screened as economic. (See Appendix
K for results.) Given that we know there are some consumers installing wind,
solar and farm methane an alternate approach to characterize the economic
potential was necessary. We estimate the future development of actual
renewable generation sites using the trends from the past for farm methane,
solar and wind. We change the definition from economic potential to market
potential here as the trend analysis approach is more in line with an estimate
of market potential. Assuming financial incentives and loan programs remain
similar to past levels, we can expect the rate at which actual sites are
constructed will be similar to what has occurred previously. We did not
project market potential using alternative financial incentives due to lack of
available data.
iii.

CHP—CHP economic potential can be defined in two ways. First it could be
the amount of CHP technical potential that is economic compared to avoided
costs using the societal cost test parameters. However, for this study we chose
to use a definition that is more inclusive providing more economic potential.
The expectation is that the primary applications for CHP will occur when
there is additional avoided cost from specific transmission projects under
evaluation. Therefore, we define the CHP economic potential cut‐off at the
point when the Net Cost to Reduce Peak for CHP equals the cost of PRG.

C. Analytical Approach
La Capra Associates’ analysis began with data collection that included gathering information
on Vermont’s current installations of customer‐sited generation, including renewable
energy based technologies and CHP, current commercial and industrial electric load,
current utility rates in Vermont, industry‐related thermal requirements, and potential
technologies for customer‐sited generation. In the initial phase of the analysis, Vermont
electric loads by zone were developed using Vermont utility load data while a national
dataset was used to estimate thermal need in Vermont. Following the collection and
synthesis of the data, customer groupings were created using Standard Industrial
Classification (SIC) codes that were provided in the data sets. Additionally, the electric and
thermal load profile assumptions for the Vermont load were developed and used to identify
the suitability of the various technologies included in the study. The next step explored and
identified commercially available CHP and viable Vermont‐based customer‐sited generation
technologies that were applicable to Vermont customer loads. This allowed La Capra
Associates to model the impact of siting generation for “typical customers” in a segment.
Using generator information and typical customer load assumptions, La Capra Associates
used an economic modeling tool that was developed for this project to perform economic
tests and to create supply curves of the technologies and customer loads. In this final step,
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the model was used to assess and determine the technical and economic potential of CHP
and peak reducing customer‐sited generation.

1. CUSTOMER SEGMENTATION
In order to estimate potential for CHP, La Capra Associates needed to identify the
necessary information pertaining to business customers throughout the state. CHP
applications are not appropriate for residential customers due to their small load and
thermal needs. Electric load data was available for Vermont’s commercial and
industrial (C&I) customers by SIC code and the data was provided from Efficiency
Vermont (EVT) for a portion of the state’s electric use. The data was supplemented with
data from Burlington Electric Department (BED) as the EVT data set did not contain
Burlington information. Please see Appendix J for a summary of load data by zone. The
electric data was consolidated into one file and loads were summarized by SIC code.
The data included total electric energy use in MWhs and the number of customers by
SIC code. Peak values were then calculated for each SIC code using customer load profile
information provided from BED and Central Vermont Public Service (CVPS).
It should be noted that gaps existed in the SIC data provided to La Capra Associates. Not
all utilities record SIC data for their consumers, and missing or blank lines are typical
for utilities that do collect SIC information. Therefore, in each load zone, some customer
SIC information was not available. The typical customer technical and economic analysis
used the portion of customer load with SIC information which was available. Then the
outcomes were adjusted by scaling the results to approximate potential estimates by
technology assuming all data had been provided. La Capra Associates had reasonably
accurate counts of customers and energy consumption by residential, commercial and
industrial classes by load zone. We had information about the gross energy demand and
customer numbers for the state and each zone. This data was cross‐checked to verify its
reasonableness to publically available information regarding the total number of
customers and energy consumption in the state. In order to compensate for missing
SIC data, La Capra Associates adjusted its outcomes for each load zone in the various
technologies to gross‐up to the zonal and state level dataset that included all customers.
Therefore, the projected estimates of potential by technology have been adjusted for
missing SIC data. The outcomes of this analysis are generic and broad in nature. They
are meant to provide a high level indication of the amount of CHP and customer‐sited
generation potential that exists in the state. Use of the data from this report is intended
to act as generic inputs into future planning and analysis of specific transmission
projects. Use of the data outside this scope is inappropriate and could lead to
misleading conclusions. There may be exceptions on a case by case basis where an
individual customer site may be more cost effective than we have been able to model
due the unique circumstances of that customer’s use patterns and needs. This study is
not intended to represent a detailed individual customer level granularity and instead
the information and results are a representation on a high level and generic basis.
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Determining applicability of CHP technologies requires estimating thermal use.
However, the EVT and BED data did not contain information related to thermal heating
needs for customers. La Capra Associates utilized information from the Bureau of
Economic Analysis (BEA) to estimate heating needs by SIC. The BEA data provided
expenditures by SIC for thermal and electric use by industry. From the data La Capra
Associates created a ratio of the electric to thermal needs by SIC code from the national
dataset. These electric‐to‐thermal ratios were applied to Vermont’s electric data set,
allowing us to back into a thermal use by SIC code. By using this data we have assumed
the BEA data is indicative of Vermont consumers’ thermal needs. By mapping the SIC
codes of the electric data set to the BEA electric to thermal ratios, we were able to
estimate the thermal needs of Vermont consumers by comparable SIC codes.
Electric and thermal data were summarized for Vermont consumers by load zone and
broken into segments for purposes of analysis in the CHP and customer‐sited
generation model. The goal was to create typical customer profiles of electric and
thermal use and to group customers into a finite number of segments. The customer
segments were used in the modeling tool to create supply curves for the various CHP
and other technologies identified in the study. We assumed commercial and industrial
(C&I) customers would be the primary users of CHP technology, based on their thermal
load profiles. The large amount of heat generated by CHP units is more than a typical
residential customer could utilize. Therefore, residential loads were eliminated from the
CHP segment analysis. From the C&I dataset we created groups of customers sorted by
the electric–to‐thermal ratios, and used the groups in the economic model. 17
Twelve customer segments were created by electric‐to‐thermal ratios for the CHP
portion of the analysis. The segments were broken into two groups; one group for all
customers with peak load less than 60 kW and the other group having peak load of 60
kW and higher. A summary of the segments by the two groups is shown in Table 4.

17

Residential applications of CHP technology do exist, albeit at significantly higher cost than C&I sized equipment.
Also, La Capra Associates was not able to locate an installer of CHP equipment for residential use for Vermont.
The early stages of the study indicated a very limited economic potential for C&I based CHP exists. As such, the
potential for residential applications was not pursued in the study in order to focus the study effort to more fully
explore C&I based CHP which is the more likely target customer group for CHP technology.

La Capra Associates

Page 25

REPORT TO VERMONT SYSTEM PLANNING COMMITTEE
Vermont Potential for CHP and Customer‐Sited Generation 2010
Study Overview
TABLE 4: SEGMENTATION APPLIED TO EACH ZONE

Peak Demand < 60 kW
BEA
Electric/Thermal
Segment
Range
Ratio
1
less than
‐
0.3
2
between
0.3
0.6
3
between
0.6
0.9
4
between
0.9
1.5
5
between
1.5
2.0
6
greater than
2.0
Peak Demand >/= 60 kW
BEA
Electric/Thermal
Segment
Range
Ratio
7
less than
‐
0.3
8
between
0.3
0.6
9
between
0.6
0.9
10
between
0.9
1.5
11
between
1.5
2.0
12
greater than
2.0
We chose the load level of 60 kW to separate larger customers from smaller groups of
electric customer load. This is based on a combination of technology costs increasing
below 60 kW and the increased numbers of customers below 60 kW diluting average
customer sizes used in the economic modeling. This enabled us to develop a reasonably
informative average customer in each segment without skewing the data due to large
consumers. Within these two groups, segments were created based on an ordering of
the ratio of electric‐to‐thermal use. The goal was to group the data and to create a
typical customer in each segment for purposes of assessing the potential for on‐site CHP
or generation using a typical customer load profile.

2. CHP TYPICAL CUSTOMER MODELING
The CHP component of this study utilizes the technique identified in the previous
section to analyze the average customer for each of the twelve segments in each of the
16 Vermont load zones. The economic analysis, from a customer perspective and in
terms of electric system resource potential, was conducted for each segment in each
zone (i.e., 16 zones times 12 segments = 192 typical customers representing the sub
segments).
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Next we determined two important characterizations for each zone; the availability of
fuels such as natural gas and the appropriate utility electric rates to use in the zone.
Each zone was tagged based on the availability of natural gas and was assigned the
utility rate of the predominant utility of the zone. The map showing the representation
used for each zone in the typical customer economic analysis is provided in Appendix A.
The next step in the study was to merge customer data with CHP technology data and to
determine the cost of running various technologies. The goal of this analytic step
determines a reasonable fit of technology for the customers’ needs. In this step we must
determine what CHP technology can run with varying customer load profiles of heating
use and electric needs. Because we are using a single average customer by segment and
we don’t have detailed information of how customers use thermal and power
throughout the year we are limited in what we can do in the model. The ideal would be
to have sufficiently detailed data to analyze and profile exactly when and how
customers would use CHP. Since we do not have this level of detailed data we need to
address seasonal and daily patterns. We do this by performing sensitivity as to how
customers might use CHP on a widespread basis. To the simulate this we came up with
a number of customer characteristic parameters that are used to vary the output and to
perform sensitivity runs. These are briefly described as follows:


Thermal Timing Parameter—This represents the portion of the year that we
assume the CHP is running to provide thermal output. In the base case we
assumed it was running 100% of the time (365 days of the year and 24 hours
per day). For purposes of sensitivity we assume that the CHP unit was used two‐
thirds of the amount of time (16 hours per day) for a manufacturing based need
and then seven‐twelfths of a year (seven months) which simulate a heating use
to cover the fall‐winter‐spring heating season.



CHP Size Parameter—This variable represents the size the CHP as compared to
the customer’s thermal use pattern. In this number if we use 100% then the
CHP is sized to cover 100% or the peak thermal needs of the customer. We used
100% as base case and then 80% and 50% for sensitivity analysis purposes. In
this way we can see if varying the size of the CHP unit changes the outcome.



Unit Size Parameter—This variable simulates how much electricity is sized
with the CHP unit. The electric portion of the CHP technology is sized with a
maximum of the peak electric needs for the customer. We analyzed multiple
generator sizes for each technology and segment and chose the least expensive
in terms of lowest net cost of electricity for the base case. Then we ran a
sensitivity to size each unit for each segment to the customer’s peak.

The next step was to test various sizes and various technologies to select an optimum or
least expensive plant size and technology for typical customer representing each
segment in each zone. The model optimizes by choosing the plant size with the lowest
La Capra Associates
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Net Cost to Reduce Peak on a per kW basis using societal cost test parameters. If two
plants have the same metric value the largest plant size of the group is selected.
Technologies requiring a fuel that was deemed unavailable in a particular zone were
excluded for that zone.18 Technology assumptions are provided in Appendix D. The
maximum plant size was selected so as not to exceed the customer peak demand. The
economic analysis to develop the output metrics defined earlier was developed from the
customer’s perspective and the electric system resource perspective. The analysis was
conducted for a 20‐year period.
Once a plant size and output metrics are established for the typical customer, the total
amount of CHP capacity is calculated within that segment by multiplying typical plant
size by the number of customers within each segment within each zone.
The CHP supply curve was created for the state of Vermont by taking the metrics and
size for each of the 192 sub‐segments, sorting them from best to worst for a particular
metric and plotting the metric versus the cumulative number of kilowatts. As discussed
earlier, this representation shows the capacity of CHP for the state of Vermont that can
be developed at a given cost.
The following are definitions of various economic metrics used in the analysis:


Customer Economics—The economic analysis from the customer’s
perspective was determined by the 20‐year analysis of payback and IRR. This
assumes that the equipment is installed with a onetime total installation cost
reduced by the appropriate tax credits.



Resource Planning Economics—Transmission project resource evaluations,
as well as generation and demand‐side management, are required in Vermont
to have passed economic tests that account for all the costs and benefits,
including the effects of emissions on the global environment which is referred
to as externalities.
This section defines the economic tests used in this analysis.
a. Total Resource Cost Test—Data developed under the total resource cost
test basis is a measure of the CHP’s cost or benefits without consideration
of externalities. This measure captures several the following costs and
benefits (savings):

18

This limitation only applies to natural gas, as natural gas has limited availability in the load zones. Specifically
natural gas was determined to be available in zones P, B, G, H and I.
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Costs:


Equipment investment related cost recovery calculated on a revenue
requirements basis19, accounting for tax credits



Operation and maintenance costs of the CSG equipment, including
property tax; and



Fuel costs of the CHP

Benefits:


Avoided cost of the fuel used to produce the thermal energy that is now
provided by CHP; and



Avoided costs for Vermont for electric energy, capacity, and
distribution

b. Societal Cost Test —Data developed under the societal cost test captures
the costs and benefits of the Total Resource Cost Test above with the
additional effect of monetizing externalities for the following emissions:

19



NOx



SO2



Mercury



Carbon

Revenue requirements do not refer specifically and only to utility incentive programs. Rather it refers to the
required annual carrying costs to fully compensate the owner of the equipment.
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3. CUSTOMER-SITED RENEWABLE ENERGY GENERATION (CREG)
Estimates of potential for CREG were developed using historic data and trend analysis.
The reason for using a trend approach was due to the fact that the model resulted in no
CREG technologies being screened as economic. (See Appendix K for results.) Given that
we know there are some consumers installing wind, solar and farm methane an
alternate approach to characterize the economic potential was necessary. Data from the
Vermont Sustainable Jobs Fund (VSJF) provided La Capra Associates with a database of
existing renewable generation located throughout Vermont. Estimates of technical and
market potential for farm methane, solar and wind were developed using a trending
approach based on historic implementation rates. A detailed description of the analysis
for CREG is found in Study Results (Section 4) for each technology.

D. Summary and Conclusions
This section of the report outlined the objectives, study output, and the analytic approach.
The key issues the reader should consider from this section are as follows:






There are three fundamental objectives of the report and all are relative to
transmission planning needs:
à

What level of reduction in customers’ peak demand and energy is already
available from existing CSG?

à

What is the technical potential by technology for CREG, PRG, and CHP?

à

What is the economic potential by technology for CREG, PRG, and CHP?

The study output is expressed in:
à

Various metrics (i.e., NPV, Cost of Electricity, Net Cost to Reduce Peak,
Payback, and IRR)

à

Supply curves

The analytic approach made use of:
à

Customer Segmentation from existing utility load data

à

CHP and PRG analysis conducted by using a model designed for the study
that took into account parameters and limitations. Sensitivity runs were
used to bracket and capture estimates of CHP in many varying scenarios
thereby producing robust results.

à

CREG made use of trend analysis and historic rates of technology adoption
by customers.
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Due to assumptions used in the study there are limitations and unique definitions
that the reader must be cognizant of:
à

Utility SIC code data had limitations

à

To determine thermal customer use, we applied a national data set to
approximate thermal use by SIC code. While not an exact fit this gives us a
general indication by C&I type.

à

Definition of technical and economic potential is uniquely defined from
other types of studies and the reader should apply the definition contained
in this report.

à

Results of the report are not intended to be used outside of transmission
planning analysis.
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3. CUSTOMER GENERATION
La Capra Associates sought to obtain data related to existing customer‐sited generation
from a variety of sources (i.e., a survey of Vermont utilities, the Clean Energy Development
Fund, the Vermont Public Service Board net metered customers, and the Vermont
Sustainable Jobs Fund). The most complete data source we obtained was from the VSJF. The
VSJF data were used to identify the stock of existing customer‐sited generation throughout
Vermont. Based on a review of the existing generation sources, three renewable‐based
technologies were identified for consideration in the analysis as having enough scale to be
viable alternatives to transmission projects: wind, solar and farm methane.
While certainly other renewable‐fueled technologies exist, such as hydro and biomass, these
were excluded from consideration as viable alternatives to transmission projects as part of
this study. It should be noted that the study scope was limited to technologies most likely to
be available to Vermont customers. Therefore, our task is to identify the common renewable
sources that could be used throughout the state and was limited to wind, solar and farm
methane. 20
Hydro was excluded as a potential customer‐sited generation technology due to the
permitting challenges of hydro‐based electric generation, and the limited accessibility for
new hydro opportunities on Vermont’s rivers and streams. While sites may exist for utility‐
scale hydro applications, we believe the requirements to obtain FERC permits and state
permits associated with water ways for an individual customer is impractical. The data from
the Vermont Sustainable Jobs Fund showed out of an existing 103 hydro sites only eight
were privately owned and used as customer‐based generation. All others were utility‐
owned or associated with the sale of power to utilities. With the exception of a paper mill
purchasing a dam on the Connecticut River that was formerly a utility‐based hydro site, the
existing sites appear to be uniquely situated and capture hydro potential on a very small
scale. Therefore, projecting development of new hydro‐based generation for customer
applications appears to have low opportunity and suitability and was excluded from this
analysis, which is focused on the most likely alternatives to transmission projects. While
small scale hydro could have small niche market potential we believe it is outside the scope
of this study which is focusing on common resources that would be most likely available to
Vermont Consumers.
20

Geothermal was not considered as a technology in this study as a likely alternative to transmission projects. The
VSJF data shows seven existing geothermal sites, but the technology noted in the data is for heat and hot water
needs (thermal based application technology). In these applications electricity use actually increases rather than
decreases as the system uses pumps to move fluid between the earth and the building being heated or cooled.
While there may be some incremental cooling savings over alternative cooling technologies from geothermal
technologies, the market is small and is considered a niche market rather than a likely resource available to
Vermont consumers. Therefore it was considered outside the study scope.
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We did not find customer‐sited electric generation facilities that use biomass in the VSJF
dataset. While two operating facilities were identified (JC McNeil and Ryegate) these are
not considered customer‐sited generation but rather utility‐scaled operations, which are
not part of this study. All other biomass sources identified by the VSJF data were used
primarily for heating and thermal needs rather than sources of electric generation. Forty‐
four customers were noted to use biomass but the use was exclusively for heating and
thermal needs. This group of customers were primarily located at schools (in these
applications no electric generation is provided). Furthermore, the VSJF data set included no
biomass‐based CHP. At nine sites entities were exploring feasibility studies for CHP, one of
which was a district heating application. However, district heating was identified to be
beyond the scope of this study.
We also cross referenced a list of existing CHP from the Energy and Environmental Analysis,
Inc. website, to the data contained in the VSJF.21 Currently 26 CHP units were identified in
the state of Vermont. More information on this list of existing CHP is provided in the
appendices and discussed in more detail in the Market Characterization section of
the report.
A summary of the technologies, characteristics, and cost information for wind, solar and
farm methane is provided for each technology in the following section.

A. Existing Customer-Sited Generation Overview
1. EXISTING CHP
According to the Energy and Environmental Analysis list, there are 28 CHP units
existing in the state of Vermont, including utility‐scale projects. Removing utility‐based
CHP units (Ryegate and Vermont Marble’s peaking unit), left 26 units that can be
classified as customer‐sited CHP. Table 5 summarizes existing units by technology for
those CHP units identified from the Energy and Environmental Analysis website.
TABLE 5: STATE OF VERMONT EXISTING COMBINED HEAT AND POWER PLANTS

Number of
CHP Type
Sites
Boiler Steam
9
Micro Turbine
1
Reciprocating Engines
16
TOTAL
26

21

Capacity
(kW)
9,556
60
5,428
15,044

http://www.eea-inc.com/chpdata/States/VT.html
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It should be noted that a review of the existing CHP units indicated that a number of
CHP units on the list that are no longer in operation. Therefore, there are limitations
with this data and the reader should not construe the information to mean that there
are 26 units in operation as of November, 2010 for a total of 15 MW. This list
represents a record of CHP developed in the past but has not been updated for
operational status.
La Capra Associates worked with Stantec Consulting Services to sort the list of 26
businesses into groups. We then identified at least one customer from each group to
target in a follow up survey. The purpose of the survey was to identify if the units were
operating, identify if the units were cost effective, discuss operating status, reliability,
and other parameters related to experiences from existing facilities. Survey results can
be found in Appendix C with customer identification removed to protect customer‐
specific information.
Of the existing CHP units, we attempted to contact eight customers within different
industry sectors for a telephone survey. Eight customers were contacted and six
responded to the interview. Of the six customers contacted only two reported that the
CHP unit was in operation. While this data set is not considered statistically significant,
the information received from respondents was reasonably consistent. Furthermore,
stratification of the 26 CHP sites into industry groups provided assurance that
information was being gathered for a broad cross section of CHP sites identified on the
list. Based on the telephone interview and surveys, La Capra Associates found that
roughly 33% of the CHP units were in operation for those customers that responded to
the survey.
For offline units, respondents most‐often cited economics (too expensive) and
equipment reliability issues as the reasons for shutting down the CHP units. A summary
of the responses is provided below: 22

22



Economics —Operation of units was too expensive



Equipment Reliability—Units did not run as reliably as needed. When units
broke down some respondents indicated they could not find replacement parts.



Staffing —Must have knowledgeable, licensed boiler facility staff who are already
employed by the existing operation to keep the units running on a daily basis.



Thermal Demand —The need for continuous thermal demand is necessary. The
siting of CHP is really a thermal use focus rather than being sited for electricity
purposes (electric is an ancillary output rather than primary use)

The points listed represent a collection of items from the group of respondents. Not all respondents reported the
same items and therefore this list is intended for informational purposes only.
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NonEconomic Factors can play a role in keeping CHP going:
à

Lack of reliability of the electric transmission and distribution system was
a key factor for one customer’s decision to install equipment.

à

Social Mission—One respondent indicated their decision making included
using wood as a fuel source to lessen their dependence on fossil fuels.

Natural Gas Access—Need access to natural gas as other sources of fuel are
comparatively expensive.

It should be noted that the above information does not form a statistically valid sample
and the results cannot be applied to the population in its entirety. The above
information is limited and indicative only as to the experiences of those six customers
that responded to our inquiry.

2. EXISTING RENEWABLE GENERATION
The inventory of existing customer‐sited renewable generation was based on VSJF data
which identified 967 sites with existing generation installed by the customer for three
main sources of renewable generation. The data was supplemented by adding load
zone information, which allowed us to categorize the data by zone. Of the total number
of sites, farm methane represented 1% of the total number of sites while solar and wind
accounted for 84% and 15%, respectively. However, on an energy basis, farm methane
accounted for 62% of the total energy from customer‐sited renewables while solar and
wind produced 28% and 11% respectively. (See Table 6 for a state‐wide summary.)
TABLE 6: STATE OF VERMONT EXISTING CUSTOMER-SITED RENEWABLE ENERGY GENERATION

3. OPERATIONS AND PRICES
For assumptions of capacity factors and prices for farm methane, solar, and wind we
used the following capacity factors and price (from the Vermont Public Service Board
website in Docket 7533)23,24

23

http://psb.vermont.gov/docketsandprojects/electric/7523/finalprice
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TABLE 7: STATE OF VERMONT EXISTING CUSTOMER-SITED RENEWABLE ENERGY GENERATION

g
Type
Wind <100 kw
Wind 1.5 MW
Solar
Farm Methane (Gross ‐
Pre REC Value)

Assumed
Capacity Factors
(D7533)
20.0%
25.0%
14.5%

Assumed Prices
Levelized $/MWh
(D7533)
$
214.80
$
118.20
$
240.00

76.5% $

177.30

See Appendix I for a summary of prices by year for customer‐sited renewable
generation. Please note, for farm methane we used a gross price before netting out the
value of Renewable Energy Certificates (RECs). This gives the cost of the technology
without any reduction for the effect of RECs.

4. OBSERVATIONS AND INSIGHTS
La Capra Associates used the existing customer implementation levels for solar, wind
and farm methane to extrapolate future rates of installation for new projects. 25 The
data from the VSJF did not include dates of installation and therefore, the period over
which the past installations took place is not precisely known. In discussions with VSJF
staff it was concluded that a period between ten and five years was reasonable to
assume the technologies came on line. Therefore, to bracket our estimates of solar,
wind and farm methane potential we used both periods in our analysis. This is
discussed further below. Therefore, projecting the future rate of development of
customer‐sited generation for farm methane, solar and wind was based on the historical
installation rate. The penetration rate for new installations assumes that current levels
of financial incentives remain available. The results of this analysis are described in
Section 4 of this report.

24

We did not analyze the prices developed in Docket 7533 as the information was developed in a collaborative
process by numerous Vermont stakeholders. As the parties reached agreement on the price and underlying
assumptions to be used for renewable power in the proceeding, La Capra Associates used this information as a
proxy of the cost for customer sited generation and renewable technologies.

25

The reason for using a historic data and a trend approach was due to the fact that the model resulted in no CREG
technologies being screened as economic. Given that we know there are some consumers installing wind, solar
and farm methane, an alternate approach to characterize the economic potential was necessary.
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5. DATA LIMITATION
Limitations with the data from this section include:


Data for CREG and CHP do not contain dates of installation therefore an
assumption of ten to five years was used.



CREG includes technologies most likely to be available to Vermont consumers
(wind, solar and farm methane). Hydro, biomass, and other types of renewable
resources were not analyzed.



Not all CHP facilities on the list of existing units are still in operation.



Survey of existing CHP is not statistically valid to apply to the entire population
due to small sample size and population size.



Prices and capacity factor assumptions for CREG are from Docket 7533 which have
not been verified by La Capra Associates.

B. Technologies Overview
In order to assess Vermont’s potential for customer‐sited generation, this study considered
a variety of possible technologies. After considering a comprehensive list of CSG
technologies, La Capra Associates selected for analysis those technologies which were
deemed feasible for significant potential. As noted in the preceding section, certain
technologies—hydroelectric, biomass, geothermal—were excluded. This section provides
an overview of the technologies selected for evaluation. Additional information is contained
in Appendix D.

1. COMBINED HEAT AND POWER (CHP)
Combined heat and power systems harness waste heat from electricity generation or
industrial processes and use it as useful thermal energy. CHP does not refer to a specific
technology, but rather an approach to energy management. In fact, there are several
technologies that have been used in CHP systems.
In Vermont, several industries have already implemented CHP systems. These include
farming, government/institutional, healthcare, manufacturing, business, and pulp and
paper. The known existing CHP systems in Vermont utilize reciprocating engines,
boiler/steam turbines, and microturbines. This study is not limited to these common
technologies. The following CHP technologies were included:


Reciprocating engines represent the majority of existing customer‐sited
generation in Vermont. These engines are available in a wide range of sizes.



Steam turbine generators (STGs) generate electricity by boiling water. The
excess heat that is not used to generate electricity can be harnessed as useful heat.
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These generators are best suited for CHP systems as medium‐ or large‐ scale
industrial applications.


Combustion turbine generators (CTGs) are typically large industrial generators
fueled by natural gas, No. 2 fuel oil or, recently, landfill gas. CTGs often have lower
emissions than reciprocating engines.



Microturbines are compact, small‐capacity gas turbines that generate electricity
along with recoverable heat and feature comparatively low emissions.



Fuel cells utilize chemical reactions to generate electricity rather than
combustion. These generators can create electricity and useful heat with minimal
emissions, but have high initial costs.

A full description of these technologies including benefits, limitations, fuels, efficiency
rating, emissions characteristics, and cost estimates is included as Appendix D.
Some CHP technologies can be powered by a variety of fuels such as distillate fuel,
biomass, methane gas, or natural gas. 26 Natural gas, however, is not available in all
areas of Vermont and this study incorporated those fuel restrictions in its analysis.
Details of natural gas availability by zone are included in Appendix A.

2. PEAK-REDUCING GENERATION
Customer‐sited PRG units provide valuable services and flexibility for the electric
system. These units can provide emergency or backup generation to customer premises
or other sites in a utility service territory. In addition, these units can be dispatched
when local loads reach critical levels and transmission congestion occurs. PRG would
be preferable for customers for whom poor thermal characteristics or high fuel costs
make CHP impracticable. In determining PRG’s technical potential, we considered all of
the same technologies as we considered for CHP except for steam turbine generators as
they are rarely used for peaking. PRG’s potential was evaluated by analyzing the
installed cost of the various technologies. These installed costs are generally 10‐20
percent less than CHP installed costs for the same technology because less equipment is
needed when only electric power is generated.

3. CUSTOMER-SITED RENEWABLE ENERGY GENERATION (CREG)
Customer‐sited renewable energy generation has been a focus of increasing attention in
Vermont. One key feature of renewable generation is that it can be implemented on a
wide range of scales, from a few kilowatts to hundreds of megawatts. As an
investigation of customer‐sited generation potential, this study focuses on small scale

26

A detailed analysis of locally produced fuel sources such as methane from waste water treatment facilities was not
included as part of this study due to limitations of the project scope.
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implementation, rather than utility developments. Specifically, this study examines the
potential for wind, solar, and farm methane.


Wind turbine generators convert the mechanical energy from the wind‐driven
blades into electrical energy. While utility scale generators can produce up to
5 MW and are typically developed in multiple‐turbine “farms”, the customer‐sited
turbines considered for this study are much smaller and constructed individually.
The average installation size in Vermont was assumed to be 9.5 kW and was based
on the data from the VSJF.



Solar photovoltaic (PV) panels convert sunlight into electricity. In determining
development potential for this study, we considered small rooftop installations,
which in Vermont have an average size of 6.1 kW, which was based on the data
from the VSJF.

 Farm methane refers to the methane produced by anaerobic digesters that are
located at dairy farms throughout Vermont. Farms can use a variety of feedstocks
such as manure, agricultural byproducts, or other biodegradable materials to
create methane gas. This gas can then be used to fuel a turbine to generate
electricity.

4. TECHNOLOGY COMPARISON
The following charts compare each CSG technology evaluated in this study on the basis
of the technology’s installed cost ($/kW) and levelized cost of electricity ($/kWh). Note
our analysis varied the cost characteristics for various sizes of reciprocating engines,
microturbines and fuel cells. The charts use the cost characteristics of the largest size
category, which are generally most favorable. In addition, the CHP technologies are
assumed to operate with a maximum operating capacity factor and a full thermal credit,
assuming the heating fuel displaced is the same as the CHP fuel.27

27

This is illustrative as it represents only the largest and least expensive technology categories.
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Installed Cost of CHP and PRG CSG
Technologies
Installed Cost ($/kW)

CHP/Renewable

PRG
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$8,000
$7,000
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$5,000
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$3,000
$2,000
$1,000
$0

FIGURE 5: INSTALLED COST OF CHP AND PRG CSG TECHNOLOGIES

Installed costs are very important for customers considering CSG, as technologies
with higher first costs are generally considered more risky. Developing
technologies, such as fuel cells and renewable energy have high installation costs;
however, they also tend to have lower operating costs. For PRG applications, these
costs are generally all that is considered given the low operating hours. Fuel cells’
high installation costs make them non‐competitive with more established
technologies, especially reciprocating engines which have the lowest installed cost
of any of the technologies we considered.
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Levelized Cost of CHP and Renewable CSG
Technologies
Levelized Cost ($/kWh)

CHP on Distillate Fuel/Renewable

CHP on Natural Gas Fuel

$0.30
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$0.20
$0.15
$0.10
$0.05
$0.00

FIGURE 6: LEVELIZED COST OF CHP AND RENEWABLE CSG TECHNOLOGIES

Figure 6 shows that CHP running on distillate fuel is expensive, even including a
credit for thermal savings. Steam turbines have the lowest levelized cost on this fuel
because of their assumed higher overall efficiency. Even so, their levelized cost is
over 15 cents/kWh. Renewable generation has slightly higher total costs when
compared to CHP on distillate. CHP operated on natural gas shows more promise
with a levelized cost of electric generation as low as 9 cents/kWh. This indicates
some CHP technologies such as reciprocating engines and steam turbines may be
economic if run on natural gas. However, natural gas availability in Vermont is
limited which will limit estimates of CHP technical potential.28
Appendix D provides additional details about existing CHP in Vermont as well as a
more detailed summary for each technology based on the following characteristics:
1. Applicable Technologies
2. Fuels
3. Customer Characteristics
4. Customer Sized Generation
5. Utility System Resource Sized Generation

28

As stated earlier, these levelized cost numbers represent large-size plant costs and assume the units operate with
their maximum capacity factor and get full credit for all the thermal output of the CHP equipment.
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6. Benefits
7. Opportunities
8. Conclusions and Limitations

Conclusions on Technologies Overview and limitations are as follow:
1. Many technologies are available for use in CSG applications
2. This report analyzes the potential of five CHP technologies:


Reciprocating Engines



Steam Turbine Generators



Combustion Turbines



Microturbines



Fuel Cells

3. These technologies have advantages and disadvantages, but based on
levelized cost reciprocating engines and steam turbines when operated on
natural gas appear to have the most potential.
4. In applications where CHP does not appear economic due to poor thermal
characteristics or high fuel cost, PRG will be more attractive.
5. Reciprocating engines have the highest PRG potential due to low installed
costs.
6. This report analyzes the potential of three renewable technologies:
a. Wind
b. Solar
c. Farm Methane
7. Based on levelized cost, renewable energy is almost competitive with CHP
if no natural gas is available.
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4. STUDY RESULTS
There are several objectives for this study that were described earlier in the report. The
primary objective was to provide informed estimates of technical and economic potential of
CSG in Vermont. This information in turn will serve as input into Transmission and Non‐
Transmission Alternative analyses. The supply curves and cost parameters developed in
this study will be useful in conducting those analyses.
This study produces detailed information on the relative attractiveness of technologies for
CHP, Peak‐Reducing Generation and renewable generation sited at customer’s homes and
businesses. This study demonstrates the economics for customers considering CSG, as well
as the impact incentives from the state or utilities can have on improving the economics.
The following sections provide a summary of results. Much of the detailed zonal
information is provided within Appendices F, G & H.

A. Overall Results Summary
The core results of this study provide estimates of the technical, economic or market
potential for customer sited generation for each identified zone in Vermont. Table 8 shows
the breakdown by type of Customer Sited Generation by zone. The descriptions of the
‘potential’ metric shown in this table have been described earlier in more detail and are:


CHP Technical Potential—Based on optimal29 size and technology analysis.



CHP Economic Potential—An estimation of the amount of CHP that has a lower
net cost than peak reducing or emergency generation. Thus this economic
potential is the potential amount of CHP that is the least cost CSG option. This level
of CHP potential still requires some amount of project specific transmission
project cost savings.



PRG Technical Potential—limited only by the size of the customer.30



PRG Economic Potential—The portion of PRG technical potential estimated to
have lower total net costs than CHP.. This level of PRG economic potential has not
been tested versus utility sized peaking generation. It should be noted that the

29

Optimal size and technology means choosing the least expensive technology. In the model we compare the cost
of all CHP technology applications for a customer segment and choose the technology that has the lowest net
cost per kW. The capacity of the plant was also optimized on the same cost basis.

30

We did not discount PRG technical potential estimates for limitations due to environmental impacts such as air
emissions. This study is focused on local impacts for transmission studies and therefore, what is shown for PRG
estimates is the sum of the technical potential in each zone.
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definition of Economic Potential here should not be interpreted as the amount of
PRG that customers will find is cost effective to install. Rather the figures of PRG
economic potential are merely the amount of capacity that has a cheaper net cost
relative to CHP. For this study PRG Economic Potential is a subset of technical
potential that has been screened only against CHP technologies.


Renewable Technical Potential (farm methane)—Based on number of medium
to large farms



Renewable Technical Potential (wind)—Based on portion of state with Class 2
and Class 3 winds and number of customers



Renewable Technical Potential (solar)—Based on number of customers and
peak load of state



Renewable Market Potential—These estimates are derived by estimating the
future market penetration in two ways. First by using utilizing the extrapolation of
the recent five year trend for growth in customer‐sited renewable energy
generation, and second by using the last ten years.
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1. OBSERVATIONS
TABLE 8: STATE OF VERMONT CUSTOMER-SITED GENERATION POTENTIAL31

Zone
Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\ Addison GMP

Middlebury
Central ‐ Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
Total

31

2007‐2009
average peak
MW (C&I)
21.9
40.9
18.3
16.4
59.0
21.1
53.9
45.9
113.6
23.7
40.5
41.1
70.7
17.9
96.2
23.3
704.4

CHP MW

PRG MW

Solar MW
MKT
MKT
Technical Economic Technical Economic Technical
(High
(Low
Potential Potential Potential Potential Potential
Case)
Case)
18.6
0.0
21.9
21.3
9.1
0.4
0.2
19.1
11.0
40.9
26.7
17.0
0.9
0.4
8.7
0.0
9.7
4.5
7.6
0.4
0.2
15.5
0.0
16.4
15.6
6.8
0.4
0.2
52.8
0.0
59.0
19.1
24.5
2.1
1.1
20.1
0.0
21.1
20.1
8.8
0.4
0.2
33.6
12.7
53.9
15.7
22.3
0.9
0.4
28.6
10.8
45.9
13.3
19.0
0.0
0.0
61.1
33.1
113.6
73.9
47.1
4.8
2.4
21.6
0.0
23.7
23.7
9.8
0.3
0.2
34.4
0.0
40.5
39.4
16.8
1.5
0.8
36.8
0.0
41.1
13.3
29.3
0.0
0.0
66.0
0.0
70.7
70.7
7.4
1.6
0.8
16.2
0.0
17.9
17.0
39.9
1.0
0.5
88.9
0.0
96.2
91.0
9.7
2.8
1.4
10.9
6.3
23.3
15.2
17.0
0.7
0.3
532.8
73.9
695.8
480.6
292.0
18.2
9.1

Wind MW
MKT
MKT
Technical
(High
(Low
Potential
Case) Case)
1.1
0.4
0.2
1.2
0.3
0.2
0.8
0.3
0.2
1.0
0.6
0.3
4.1
0.6
0.3
1.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
6.2
2.0
1.0
0.4
0.4
0.2
1.1
0.2
0.1
0.0
0.0
0.0
2.0
0.3
0.1
0.4
0.0
0.0
1.4
0.2
0.1
0.5
0.2
0.1
22.0
5.6
2.8

Farm Methane MW
MKT
MKT
Technical
(High
(Low
Potential
Case)
Case)
2.7
0.7
0.3
2.0
0.5
0.3
0.9
0.2
0.1
0.6
0.2
0.1
0.8
0.2
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.3
0.6
0.3
1.7
0.4
0.2
0.8
0.2
0.1
0.0
0.0
0.0
1.0
0.3
0.1
0.1
0.0
0.0
0.7
0.2
0.1
1.3
0.3
0.2
14.8
3.7
1.9

CHP economic potential; does not include estimates for CHP plants that could make use of waste fuel. These limited applications would add to the economic potential where
these plants would be equal to or less than the customer peak demand.
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2. CONCLUSIONS
1. There are limited customer sited generation options which have net benefits
under the societal test and therefore the potential to avoid significant transmission
projects is unlikely. There may be exceptions on a case‐by‐case basis where an
individual customer site may be more cost effective than we have been able to
model due the unique circumstances of that customer’s use patterns and needs.
This study is not intended to represent that level of granularity and instead the
information and results are a representation on a high level and generic basis
2. The numbers in Table 8 show significant technical potential but low levels of
economic potential for CHP and renewable CSG. There are approximately 74 MW
of CHP and between 14 MW and 28 MW of renewable CSG economic potential.
3. The customer sited PRG has the best chance for significant development to reduce
peak if it is determined that it competes favorably with the costs relative to
Transmission Alternatives and other Non‐Transmission Alternatives.

B. CHP Potential
1. STATE OF VERMONT
Figure 7 illustrates a supply curve for CHP electricity created using the results of our
Base Case analysis.32 The curve spans the entire technical potential for the state, or
approximately 533 MW. The cost of electricity from CHP covers a broad range from
$0.10/kWh up to over $0.40/kWh. Since the cost of electricity to Commercial and
Industrial customers in Vermont is about $0.11/kWh,33 most of the CHP capacity shown
will not be economic. The distribution of prices is also relatively smooth throughout
this broad range, without many large jumps between price ranges.

32

Note the Base Case optimizes CHP plant size and technology for each typical customer within a zone.

33

Price as of July 2010 according to EIA Table 5.6.A. Average Retail Price of Electricity to Ultimate Customers by
End-Use Sector, by State, July 2010 and 2009. http://www.eia.doe.gov/cneaf/electricity/epm/table5_3.html
(Accessed November 5, 2010)
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$/kWh

State of Vermont
CHP Net Cost to Provide Electricity
$0.45
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FIGURE 7: STATE OF VERMONT CUMULATIVE SUPPLY CURVE FOR CHP IN VERMONT: NET COST TO PROVIDE ELECTRICITY

Figure 8 below provides another supply curve for the state, but represents the cost to
society to use CHP to reduce peak load. As with the cost of electricity, the curve also
spans the entire technical potential for the state. Once the cost to reduce peak load rises
above the cost to run the plant as a peaking facility (the green line), CHP is no longer
considered to have economic potential. It would instead cost society more to run the
plant than keep it on standby as a peaker to alleviate system peak demand conditions
Therefore, only a small fraction, less than 15% of the total economic potential is
considered economic as the figure also shows.
Given the limited availability of natural gas, most of the CHP plant was assumed to use
an alternative fuel in the analysis, generally distillate. Because distillate is so much
more expensive than natural gas and electricity, the costs to run the CHP plant are
simply too high when compared to benefits provided based on current avoided costs,
and would require significant additional benefits, such as avoiding a transmission
project, in order to be justified. However, when natural gas is available, CHP can run
economically in some scenarios.
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State of Vermont
Total Net Present Value of Total Cost of CHP
Total Societal Cost

Run as Peaker

$25,000

Economic Potential

$/kW
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FIGURE 8: ILLUSTRATION OF CHP WITH TECHNICAL AND ECONOMIC POTENTIAL

Though the costs to society are important when considering CHP’s potential and
whether CHP should be sponsored as a resource, customer economics must also be
attractive for projects to move forward. The figure below shows the amount of CHP
capacity with customer simple payback of seven years or less using different levels of
utility incentive payments. Generally C&I customers do not react to make investments
that have paybacks of seven years or greater.34 We have included this figure since seven
year paybacks are approximately equal to the point where on a lifecycle basis the CHP
would be economic to the customer. Generally the number of C&I customers that would
adopt CHP with a three‐year payback would still be a minority.35 The reason for
undesirable customer paybacks is the fact that without incentives, no CHP operation
will provide enough operational benefits to payback the customer investment costs
within five years or less. Over 40 MW of CHP will payback in seven years. Our study
concluded that high levels of utility incentives at $1,000/kW are needed to increase
attractiveness of CHP to customers. Even then, about 25 MW will payback in less than
five years and about 40 MW would payback in less than seven.36 Finally, even with

34

http://www.eea-inc.com/chpdata/States/VT.html

35

Ibid.

36

Note that economic potential numbers provided in Table 8 did not use payback for purposes of screening. The
economic potential was based on the societal cost test economics and not the customer payback characteristics.
Therefore the reader should not confuse estimates of economic potential from this section to the estimates
provided using the societal cost test.
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incentive levels approaching a significant percentage of installation costs, $1,500 per
kW, customer paybacks are greater than three years for most of the CHP installations.

Potential Capacity for Vermont (kW)

State of Vermont: Effect of Utility Incentives on
Customer Economics of CHP
45,000
40,000
35,000
30,000
25,000
3‐year Payback kW

20,000
15,000

5‐year Payback kW

10,000

7‐year Payback kW

5,000
‐
$0

$500

$1,000

$1,500

Incentive Level ($/kW)
FIGURE 9: STATE OF VERMONT: EFFECT OF UTILITY INCENTIVES ON CUSTOMER ECONOMICS OF CHP

Our base case model run selected the optimum or least expensive size and technology
type for each typical customer, and Figure 10 shows the resulting technology selections
by kilowatts of CHP capacity. (Note these charts present data for all customers with
CHP technical potential.) Out of five technology types considered, only two were ever
selected: reciprocating engines and steam turbines with new boilers, with reciprocating
engines being by far the most common selection. These are both mature technologies,
and reciprocating engines have the lowest investment costs among the technology
options. Based on these results we would not expect support of CHP in Vermont to lead
to the development of technologies such as microturbines or fuel cells. Because the
technologies selected were chosen based on lowest‐cost to reduce peak load, choosing
others would only raise the supply curves.
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Base Case: Technology Composition of
CHP Technical Potential
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FIGURE 10: BASE CASE: TECHNOLOGY COMPOSITION OF CHP TECHNICAL POTENTIAL

2. POTENTIAL BY ZONE
So far, this discussion has focused on results for the entire state of Vermont, but the CHP
simulation model generates results on a zonal basis. Table 9 summarizes the technical
and economic potential by zone. Table 9 shows that technical potential is mostly
bounded by customer peak load, but the model may choose a smaller size plant if it
reduces costs. Note the entire economic potential of CHP exists in zones with access to
natural gas. In the Burlington and Essex zones, the economic potential reaches 38% of
the technical potential while in St. Albans and Highgate, it is the highest, at
approximately 58% of technical potential. CHP may have a greater impact in these
areas of Vermont, along with Chittenden/Addison.
Detailed information on the CHP modeling results including supply curves for each zone
can be found in Appendices G and H.
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TABLE 9: CHP POTENTIAL BY ZONE

Zone

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\ Addison GMP

Middlebury
Central ‐ Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
Total

CHP MW

2007‐2009
average peak
MW (C&I)

Technical
Potential

Economic
Potential

21.9
40.9
18.3
16.4
59.0
21.1
53.9
45.9
113.6
23.7
40.5
41.1
70.7
17.9
96.2
23.3
704.4

18.6
19.1
8.7
15.5
52.8
20.1
33.6
28.6
61.1
21.6
34.4
36.8
66.0
16.2
88.9
10.9
532.8

0.0
11.0
0.0
0.0
0.0
0.0
12.7
10.8
33.1
0.0
0.0
0.0
0.0
0.0
0.0
6.3
73.9

3. SENSITIVITY ANALYSIS
It is important for the reader to understand that the analysis of CHP potential in the
study must recognize the potential for overly optimistic results. For example
assumptions and patterns of thermal needs of all the customers vary significantly and
often may significantly reduce the economics of CHP applications. As such we have
modeled several sensitivities to our base assumptions for thermal characteristics.
These are intended to represent generic or hypothetical customer results. We have
tested using our ‘thermal match’ sensitivity how the economic potential changes if only
50% or 80% of the base estimation for thermal energy is able to be supplied by CHP.
Many customers do not have 24x7 thermal needs and may have more seasonal thermal
needs. As a result we have tested two additional sensitivities in this study. The
assumption that the there are significant thermal needs for sixteen hours in a day would
result in a ‘thermal split’ of two‐thirds. Therefore, the operation of the CHP has a
maximum of two‐thirds of the hours of the year. In addition, we also tested the
economics of CHP when the customer thermal need only exists for seven months of the
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year (this replicates a heating use based profile). We found that it is not economic to
operate CHP in the hours when there is little to no thermal savings. We also combined
the 80% match and seven month split sensitivities to run combined scenarios. We
found when the customer thermal match is as low as 50% the economic potential goes
to zero. However, if potential is based on seasonal thermal loads and an 80% match,
economic potential is actually as high as 56 MW. This number is driven by societal
costs, which can be reduced by not running a plant during uneconomic hours of
the year.
In addition we tested alternative sizing strategies for CHP. Our base case as described
earlier chose a least net cost technology/size fit for CHP. If we size the CHP to supply all
the customer’s electric energy (i.e., equal to the customer’s peak power), then the
estimate of potential drops by one‐third. If the CHP equipment is sized to match
thermal requirements of the customer there is slightly greater CHP economic potential,
although not the least cost solution.

TABLE 10: IMPACT ON ECONOMIC POTENTIAL THAT RESULTS FROM CHANGES TO THERMAL CHARACTERISTIC ASSUMPTIONS
Economic Potential
Zone

Number of
Customers

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\
Addison GMP
Middlebury
Central ‐ Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
Total

2007‐2009
average peak
MW (C&I)

Base Case

Thermal
Match 0.8

Thermal
Match 0.5

Thermal
Split=2/3

Thermal
Split=7/12

1,984
2,242
1,102
2,538
5,191
1,940
3,735
1

21.9
40.9
18.3
16.4
59.0
21.1
53.9
45.9

0.0
11.0
0.0
0.0
0.0
0.0
12.7
10.8

0.0
8.4
0.0
0.0
0.0
0.0
12.1
10.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
8.8
0.0
0.0
0.0
0.0
10.4
8.8

0.0
7.7
0.0
0.0
0.0
0.0
4.9
4.2

7,231
1,502
4,703
5,947
1,832
7,193
1,264
68
48,473

113.6
23.7
40.5
41.1
70.7
17.9
96.2
23.3
704.4

33.1
0.0
0.0
0.0
0.0
0.0
0.0
6.3
73.9

6.2
0.0
0.0
0.0
0.0
0.0
0.0
4.8
41.8

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

27.5
0.0
0.0
0.0
0.0
0.0
0.0
5.0
60.5

33.6
0.0
0.0
0.0
0.0
0.0
0.0
4.4
54.8

Thermal
Size to
Match .8,
Size Fixed @
Thermal,
Thermal
Peak Load
Constrained
Split=7/12
by Peak Load
0.0
0.0
0.0
7.6
7.9
13.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.0
1.5
13.6
3.4
1.3
11.5
37.1
0.0
0.0
0.0
0.0
0.0
0.0
4.3
56.4

5.5
0.0
0.0
0.0
0.0
0.0
0.0
4.5
20.7

28.2
0.0
0.0
0.0
0.0
0.0
0.0
7.6
74.2

Conclusions on Customer Sited Combined Heat and Power Generation:
a. CHP is likely to have an extremely limited role in NTA analysis due to the
limited amount of MW’s that passed the economic screening for the state
as a whole.
b. CHP has widespread technical potential in Vermont, although in most
instances the costs far exceed conventional alternatives.
c. In most customer locations CHP generation would have an optimum size
that is a significant portion of customer’s peak demand.
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d. CHP in zones with natural gas have reasonable economic potential
measured as a percent of technical potential.
e. CHP without natural gas availability is a higher cost choice than peak
reducing generation as a means to alleviate transmission planning
identified needs.
f.

Even with CHP’s higher efficiency than utility scale natural gas fueled
combined cycles, CHP that uses distillate or other higher cost fuels will
lose money on a societal cost basis for each kWh produced.

g. Customer economics for installing CHP are poor without incentives. The
analysis demonstrates that only 25 MW can reach a three‐year payback
even with a large percentage of installation costs being provided by
incentives.
h. The economic potential of CHP could approach zero if the customers
within a load zone have poor thermal match characteristics, despite
reasonably high customer thermal consumption.

C. Peak Reduction Generation
1. STATE OF VERMONT
Figure 11 provides a supply curve for the state of Vermont representing the net cost to
reduce peak load using customer‐sited peaking units after avoided cost of capacity has
been credited. The lowest‐cost technology that would be able to supply the customer of
a given size was selected. There was no attempt to limit the technology availability
given fuel constraints, since the plants will be run very rarely. Therefore, the
technology chosen was always that with the lowest investment cost (i.e., reciprocating
engines), which is similar to the CHP optimization.
Even after choosing the lowest‐investment cost technology and providing an avoided
cost of capacity benefit, the supply curve shows the net cost is always positive. This
means that there is currently no cost‐justified PRG unless a specific peak reduction goal
is defined. Therefore, the PRG technology supply curve would need to be compared
with the cost of the transmission project to see if it would qualify as an alternative.
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State of Vermont: Supply Curve for
Customer Sited Peaking Units
Net Cost ($/kW)
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FIGURE 11: STATE OF VERMONT: SUPPLY CURVE FOR CUSTOMER-SITED PEAKING UNITS

2. POTENTIAL BY ZONE
Table 11 provides the technical potential of PRG by zone. Since the technical potential
was merely sized to customer peak load, the greatest potential will occur in the largest
zones. The table also shows economic potential which has been defined as the amount
of technical potential that is more economic than customer sited CHP described earlier.
More detailed results of the PRG analysis, including supply curves by zone can be found
in Appendix F.
TABLE 11: PRG POTENTIAL BY ZONE

Zone
Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\ Addison GMP
Middlebury
Central ‐ Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
Total

La Capra Associates

Technical Potential (MW)
21.9
40.9
9.7
16.4
59.0
21.1
53.9
45.9
113.6
23.7
40.5
41.1
70.7
17.9
96.2
23.3
695.8

Economic Potential (MW)
21.3
26.7
4.5
15.6
19.1
20.1
15.7
13.3
73.9
23.7
39.4
13.3
70.7
17.0
91.0
15.2
480.6
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3. CONCLUSIONS ON CUSTOMER-SITED PEAK REDUCING GENERATION
a. Peak reducing generation has widespread technical potential in Vermont.
b. In most customer locations peak reducing generation has a lower net cost
than CHP.
c. Peak reducing generation must be compared to utility or system scale
peaking generation to determine if it is the most economic way to alleviate
transmission planning identified needs.
d. Current markets for demand response program capacity do not provide
enough economic benefits to make it economic for customers to install
PRG unless an acute reliability concern exists.

D. Customer-Sited Renewable Energy Generation (CREG) Potential
by Zone
1. TECHNICAL POTENTIAL
We define technical potential as an amount of a technology, in kW or kWh, which could
technically be constructed or sited, without regard to costs, willingness of customers to
adopt the technology, or of practical feasibility. Technical potential is therefore an upper
bound on the amount of capacity that could be installed for each technology. The
technical potential numbers listed below should not be construed to represent what
could actually be implemented in the field. Rather these numbers merely represent a
maximum figure without regard to costs and other drivers.

METHANE DIGESTER ACTIVITY IN VT
The technical potential for farm methane projects in Vermont is based on the
number of farms that could site a digester, without regard to the cost of the digester,
staffing needed to operate it, or other limiting factors. Data gathered by Stone
Environmental, Inc., on behalf of the VSJF and shared with La Capra Associates
indicates that 11 farm methane digesters exist as of 2010, and that 176 potential
farm methane digester locations exist in Vermont. Research on methane digesters
for agricultural use states that a “rule of thumb” for electricity production is five
cows per 1 kW.37 Using this formula, La Capra Associates was able to estimate
electricity available from both existing and potential sites identified by Stone
Environmental.38 The existing farm methane digesters are currently producing just

37

Anaerobic Digester CHP, Energy Resources Center presentation by John Cuttica, March 2010
http://www.chpcentermw.org/pdfs/100317_cuttica.pdf

38

Note that for farms without herd size information, an average kW rate, developed by La Capra Associates based
on VSJF data, was applied based on the size of the farm.
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over 2 MW (14,000 MWh) of electricity per year.39 The data for potential farm
methane digesters indicates that the number of cows at 160 medium‐sized40 and 16
large‐sized41 farms in Vermont could produce roughly 15 MW of electricity or
roughly 99,000 MWh per year.42
La Capra Associates also explored data from the Vermont Department of
Agriculture.43 Using the 2007 count of dairy cows and the rule of thumb noted
above (five cows per kW), we corroborated the VSJF information. VSJF included
farms with more than 200 cows in its data set. Eliminating farms with less than 200
cows from the Vermont Census of Agriculture left 168 farms with approximately
75,000 cows44, which translates into 15 MW or 100,000 MWh of electricity. From
this data La Capra Associates estimates the technical potential for farm methane is
15 MW. The distribution of technical potential by zone is presented in Table 12,
assuming 15 MW’s of technical potential exists.

39

Uses the Vermont Public Service Board farm methane capacity factor of 76.5%

40

Farms with 200-699 cows

41

Farms with equal to or greater than 700 cows

42

While a few farms with less than 200 cows were included in the VSJF data set, they classify “medium sized farms200-699 cows” as the minimum size able to support a digester

43

United States Department of Agriculture, National Agricultural Statistics Service, 2007 Census of Agriculture,
Vermont State Data,
http://www.agcensus.usda.gov/Publications/2007/Full_Report/Volume_1,_Chapter_1_State_Level/Vermont/index.asp

44

La Capra Associates used conservative estimates for the 15 largest farms in VT as the data set does not give
exact cow numbers for these farms (1,000 or more cows) for privacy purposes.
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TABLE 12: TECHNICAL POTENTIAL: FARM METHANE

T e chnica l Pote nta il - Fa rm Me tha ne
Zone
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
T OT AL

N umbe r of
P ote ntia l
Fa rms
Newport
26
St. Albans
28
Johnson
12
Morrisville
8
Montpelier
8
St. Johnsbury
2
Burlington
0
Essex IBM
0
Chittenden\Addison
28
Middlebury
19
Central - Barnard
8
Proctor (Florence)
0
Rutland
15
Ascutney
1
Southern
8
Highgate
13
176
Zone

T e chnica l
Pote ntia l KW
2,676
2,032
885
622
750
92
0
0
2,271
1,702
766
0
1,003
69
690
1,256
14,813

T e chnica l Pote ntia l
KW H
17,935,053
13,618,585
5,931,593
4,169,228
5,026,521
616,529
0
0
15,216,670
11,403,174
5,132,403
0
6,720,898
461,056
4,623,950
8,414,852
99,270,512

It should be noted that there are factors that La Capra Associates did not take into
account when developing estimates of potential for farm methane due to the limited
scope of our study. For example, we did not identify which farms had access to
three phase distribution service. This level of detailed analysis was not
contemplated to be part of the project scope. This is an important issue as it has
been identified from the 11 existing farm methane projects, that three phase
distribution service is necessary in order to site a methane generator. In general, it
has been the experience that single phase lines are not adequate to support the flow
of electricity from the generators. Therefore, it is likely that the technical potential
for farm methane is less than noted in Table 12.

SOLAR PHOTOVOLTAIC
The technical potential of customer‐sited solar in Vermont for this study is based on
the number of structures or meter locations in the state, and assumes that
installations and development are unconstrained by economics or other normal
development considerations. Also this study does not estimate large scale solar or
installations that serve feed‐in tariffs or utility programs. This study focused on
customer installations which are linked to the customer’s load and usage.
Given that technical potential disregards costs, practicality of siting or other
constraints, we assumed people will build solar in an amount that will cover their
expected peak during a year (i.e., if the average home has a peak of 1.5 kW, then the

La Capra Associates

Page 57

REPORT TO VERMONT SYSTEM PLANNING COMMITTEE
Vermont Potential for CHP and Customer‐Sited Generation 2010
Study Results

home owner would install sufficient solar to cover the peak for their home). Using
this logic, we begin the estimate of technical potential by using Vermont’s 2010 peak
load of 1,041 MW and assumed that all homes and businesses could cover their peak
use. We then applied discounts to the peak for shading, solar orientation limitations,
and other limiting factors totaling 30% to arrive at a gross technical potential of 729
MW. 45 We further discounted the potential estimate for the intermittency of solar
power. As solar output fluctuates with seasonal patterns and weather conditions
related to cloud cover, transmission planners must apply a discount to intermittent
resources in order obtain a reasonably likely estimate of what the technology can
produce during peak periods. For this study La Capra Associates used a discount of
40% for a summer peak. 46 Using this methodology we calculated a theoretical or
technical potential of 292 MW of solar for VT.
We would not expect technical potential to actually be developed in the state.
Rather these numbers represent the upper limit of solar development in Vermont
without regard to economics or other factors. This should not be confused with
what can be achieved in reality or actual market potential. Customer and Societal
economics and the suitability of a southern facing site are the largest barriers to
development for solar and will reduce the development of solar significantly.

WIND
For purposes of this study, the technical potential in Vermont of customer‐sited
wind was estimated by load zone, and totaled approximately 22 MW. This estimate
is meant to represent an upper bound of the wind potential for non‐utility based
projects which are sited at homes and businesses. Also, this estimate does not
include screening of installations for economics, permitting, and other limiting
factors related to developing wind at customer premises. Therefore, the technical
potential is an upper bound estimate for wind development at customer locations
across the state.
The calculation of technical potential for wind was performed using a number of
data sources and assumptions. Data was used from the VSJF to determine the
number and the size of existing wind turbine locations in the state that are installed
at customer locations (non‐utility). The data indicates that there are 147 customers
in the state with installed, nameplate capacity of 1,396 kW, yielding an average of
9.5 kW per installation. Next, using data from a wind study performed for the
45

Based on NREL Study, Rooftops Photovoltaics Market Penetration Scenarios, February 2008

46

Based on ISONE Scenario Analysis report:
http://www.iso-ne.com/committees/comm_wkgrps/othr/sas/mtrls/elec_report/scenario_analysis_final.pdf
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Vermont Department of Public Service (VT DPS),47 we identified the amount of
available land in Vermont that could support wind turbines at homes and
businesses. We narrowed the wind classes to Class 2 and Class 3 as appropriate for
customer‐sited installations which require lower wind speeds than utility‐scale
turbines.48 In the VT DPS study, 8.7% of the state’s land has Class 2 wind and 2.6%
of the state’s land has Class 3 wind. Combining these two classes, 11.3% Vermont’s
area has appropriates wind speeds to locate wind turbines sized for customer’s
home or business. We assumed all load zones had Class 2 and Class 3 winds. Next
we assumed one third of the population of each zone would be located in the Class 2
and three sites and therefore would be located in a sufficiently windy site. 49
We then discounted the nameplate ratings by 19% 50 to estimate the power
delivered during the summer peak, and this gives an illustration of power delivered
from wind turbines contribution to system reliability. Using these assumptions and
calculations, Table 13 summarizes the estimates of technical potential by load zone
for customer‐sited wind.

47

Vermont Environmental Research Associates, Inc., Estimating the Hypothetical Wind Power Potential on Public
Lands in Vermont, December, 2003,

48

Based on information from wind developer, smaller wind turbines, which are the focus of this study, are not
suitable for high wind locations. Therefore, removal of land area with wind speeds of Class 4 and higher was
necessary to isolate where small wind turbines could be located.

49

Refinement of the estimates for potential for small wind generation could be achieved with GIS wind data and
population data. However, that level of detail is not part of the scope this study. To obtain more detailed estimates
a study addressing this information may be helpful to the state.

50

Based on ISONE Scenario Analysis report:
http://www.iso-ne.com/committees/comm_wkgrps/othr/sas/mtrls/elec_report/scenario_analysis_final.pdf
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TABLE 13: TECHNICAL POTENTIAL: WIND
Wind Technical Potential

Zone Zone Name

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\Addison
Middlebury
Central - Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
TOTAL

Number of
Customers
with Wind
12
10
9
14
10
1
2
0
28
18
9
0
10
3
14
7
147

Total Wind
kW
(Nameplate)
108
82
87
140
147
10
12
0
495
104
42
0
66
11
53
39
1396

Avg KW Per
Customer
(Nameplate)
9.0
8.2
9.7
10.0
14.7
10.0
6.0
17.7
5.8
4.7
6.6
3.7
3.8
5.6
9.5

Percent of
State in Class
2 and 3
Resource
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3
11.3

Percent of
Discount
Population
Coincidence to Technical
Number of
Potential
from Load
Summer Peak
Customers In
kW by
(ISO-NE
Zone in
Zone
Load
2 and Class 3
Scenario
Wind Area
Analysis Value)
16,624
33%
0.19
1,071
19,986
33%
0.19
1,173
12,109
33%
0.19
838
13,800
33%
0.19
988
39,006
33%
0.19
4,104
13,352
33%
0.19
956
20,028
33%
0.19
860
1
33%
0.19
49,211
33%
0.19
6,226
10,529
33%
0.19
435
33,139
33%
0.19
1,107
869
33%
0.19
42,213
33%
0.19
1,994
14,132
33%
0.19
371
52,708
33%
0.19
1,428
11,375
33%
0.19
454
22,002
349,08

As can be seen from Table 13, electricity generated from customer‐sited wind
turbines has a technical potential in Vermont of approximately 22 MW which is an
approximate summer period delivery assumption. However, there are limitations
of this estimate. The analysis used to calculate 22 MW assumes future installations
will occur based on the number of installations that occurred in the past, and that
the average size of wind turbines will remain similarly sized as to what was
installed historically. Furthermore, the estimate of the number of customers living
in a location with sufficient wind is an approximation. Additional data and study is
necessary in order to refine these assumptions and to provide more precise
estimates.
It should be noted that the wind classes are not uniformly distributed across the
landscape and people tend to live away from high wind locations. However, data
was not available to create a detailed understanding of the correlation of customer
locations and wind speeds in Vermont, and development of this fundamental data is
beyond the scope of the VSPC study. Therefore, the calculation of 22 MW could be
refined with more detailed information.
The estimate provided in the study for wind should be interpreted as a high level
estimate. The data should be construed as an indication rather than a detailed
approximation. Population data by location and wind speeds for the state would be
helpful and could lead to more precise estimates.
It is critical to note that the 19% discount rate is a number derived for reports
completed by the ISO‐NE related to wind power scenario analysis and is therefore
based on a generation study rather than use for transmission planning. The actual
effectiveness of intermittent wind and solar generation resources for use in

La Capra Associates

Page 60

REPORT TO VERMONT SYSTEM PLANNING COMMITTEE
Vermont Potential for CHP and Customer‐Sited Generation 2010
Study Results

transmission planning analyses could be as low as zero depending upon the timing
of the peak load reduction required.

2. RESOURCE PLANNING CUSTOMER-SITED RENEWABLE GENERATION STUDY CURVES
FUTURE ECONOMIC POTENTIAL USING TRENDING
In this section of the report we estimate the future development of actual renewable
generation sites using the trends from the past for farm methane, solar and wind.
The reason for using a trend approach was due to the fact that the model resulted in
no CREG technologies being screened as economic. (See Appendix K for results.)
Given that we know there are some consumers installing wind, solar and farm
methane an alternate approach to characterize the economic potential was
necessary. Assuming the financial incentives and loan programs remain similar to
what has been available in the past, we can expect the rate at which actual sites are
constructed will be similar to what has occurred previously. This section of the
report describes potential in terms of kW and kWh for future development of farm
methane, solar and wind resources using trend analysis.

FARM METHANE
As provided in the data from VSJF, currently Vermont has 11 existing farm digesters.
However, we did not have access to the date the digesters were constructed. Based
on discussion with staff at the VSFJ, we assume the development of these generators
took place over the last five to ten years which gives a growth rate of 2.2 to 1.1
digesters per year, respectively. The farms that constructed generation were larger
farms that were able to site, on average, 189 kW per farm. Assuming the financial
incentives and loan programs remain similar to existing programs of the past, we
can expect new digesters to continue to be developed at the pace of those that were
developed over the last decade. Therefore, we can expect a construction rate of 1.1
to 2.2 digesters per year for all load zones in aggregate. Using this rate of growth
and applying it to the remaining 176 farms (the potential number of farms identified
by zone from the Stone Environmental work which are smaller than the 11 existing
farms) we computed expected output from farm digesters across the state of
Vermont for all remaining farms. Trend analysis indicates that we can expect
between 93 kW and 185 kW of farm methane to come online each year. If the rate
of development for farm methane generation is between 1.1 and 2.2 per year, after
20 years, between 22 and 44 new farm digesters would be online. We could expect
to see the following pattern of output which is weighted by the number of farms in
each load zone.
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TABLE 14: FARM METHANE MARKET POTENTIAL AFTER 20 YEARS OF INSTALLATIONS
Fa rm Me tha ne Ma rke t P ote ntia l a fte r 20 Y e a rs of Insta lla tions
Low Ca se Ma rke t P ote ntia l
Zone

Zone N a me

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\Addison
Middlebury
Central - Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
T OT AL

N umbe r of
Pote ntia l
Fa rms
3
4
2
1
1
0
4
2
1
2
0
1
2
22

Ma rke t
P ote ntia l
KW
335
254
111
78
94
12
284
213
96
125
9
86
157
1,852

1

Ma rke t
P ote ntia l
KW H
2,241,882
1,702,323
741,449
521,154
628,315
77,066
1,902,084
1,425,397
641,550
840,112
57,632
577,994
1,051,857
12,408,814

H igh Ca se Ma rke t P ote ntia l
N umbe r of
P ote ntia l
Fa rms
7
7
3
2
2
1
7
5
2
4
0
2
3
44

Ma rke t
Pote ntia l
KW
669
508
221
156
188
23
568
425
191
251
17
172
314
3,703

2

Ma rke t
Pote ntia l
KW H
4,483,763
3,404,646
1,482,898
1,042,307
1,256,630
154,132
3,804,167
2,850,794
1,283,101
1,680,225
115,264
1,155,988
2,103,713
24,817,628

1

Low Case assumes past installations occurred over 10 years, resulting in a rate-of-installations per year that is lower than in
the High Case.
2

High Case assumes past installations occurred over 5 years, resulting in a rate-of-installations per year that is higher than in
the Low Case.

A limitation of future development of farm digesters is availability of three‐phase
power. La Capra Associates did not discount its estimates for access to suitable
interconnection and line requirements and, therefore, we believe the lower end of
the range is more likely. Further, the economic uncertainty in the dairy industry due
to low milk prices has not been factored into the analysis. La Capra Associates
believes the market potential estimates are likely to be closer to the lower scale of
the bracket given the uncertainties in the dairy industry and limited availability of
three phase lines. Finally the lack of information related to when the farm projects
were installed is a weakness in the data. We believe using the bounding approach of
five to ten years is a reasonable method to approximate the market potential in
Vermont, but it should be noted that the estimates are generic and broad in nature.
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SOLAR PHOTOVOLTAIC
La Capra Associates used data from the VSJF to assess the potential for new solar
installations at customer’s homes and business. Currently Vermont has 809 existing
customer‐sited solar projects. Data was not available to identify the dates of the
installations and therefore assumptions needed to be developed regarding the rate
of solar installation. Based on discussions with the VSJF staff we used two estimates
for the amount of time that the 809 installations occurred: five and ten years. Using
this installation range, we developed a growth rate of 162 and 81 sites per year,
respectively. The existing solar projects had an average size of 4.9 kW per site.
Assuming the financial incentives and loan programs remain similar to existing
programs of the past, we can expect the rate of solar projects to continue to be
developed at the pace of those that were developed in the past, or between 162 and
81 solar projects per year for all load zones in aggregate. Using this rate of growth
over a 20 year planning period, we calculate between 1,619 and 3,236 solar projects
could be expected come online. Using the average rates of kW and kWh by load
zone from the historic data, we calculated rates by zone and applied the number of
projects on a customer‐weighted basis to each zone. The trend analysis indicates
that we can expect between 9,102 kW and 18,205 kW or between 11,561,995 kWh
and 23,123,991 kWh of solar power to come online in 20 years. Table 15
summarizes the findings by load zone.

TABLE 15: SOLAR MARKET POTENTIAL AFTER 20 YEARS OF INSTALLATIONS
Low Ca se Ma rke t Pote ntia l
N umbe r of
Custome rs
In Zone

16,624
19,986
12,109
13,800
39,006
13,352
20,028
1
49,211
10,529
33,139
869
42,213
14,132
52,708
11,375
349,082

Zone

Zone N a me

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\Addison
Middlebury
Central - Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
T ota l

N umbe r of
Pote ntia l
S ola r S ite s
77
93
56
64
181
62
93
1
228
49
154
4
196
66
244
53
1,619

Ma rke t
P ote ntia l
KW
196
443
201
222
1,069
177
425
2,417
156
758
18
813
495
1,378
335
9,102

1

Ma rke t
P ote ntia l
KW H
248,444
562,289
255,386
281,901
1,357,853
224,956
540,040
3,069,764
198,003
963,232
23,432
1,032,081
628,464
1,750,896
425,254
11,561,995

H igh Ca se Ma rke t Pote ntia l
N umbe r of
Pote ntia l
S ola r S ite s
154
185
112
128
362
124
186
1
456
98
307
8
391
131
489
105
3,236

Ma rke t
Pote ntia l
KW
391
885
402
444
2,138
354
850
4,834
312
1,517
37
1,625
990
2,757
670
18,205

2

Ma rke t
Pote ntia l
KW H
496,889
1,124,578
510,772
563,801
2,715,706
449,912
1,080,081
6,139,528
396,006
1,926,464
46,864
2,064,161
1,256,928
3,501,792
850,508
23,123,991

1

Low Case assumes past installations occurred over 10 years, resulting in a rate-of-installations per year that is lower than in the High Case.

2

High Case assumes past installations occurred over 5 years, resulting in a rate-of-installations per year that is higher than in the Low Case.
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It should be noted that the rate of solar installations and projections of market
potential is a generalized estimate and that the data does have a number of
limitations. First, in this analysis we assume the past rate of development will
continue into the future at an equal pace. We do not project a market cycle for solar
related to customer installation rates as that is beyond the study scope Second,
incentives and funding sources may not be the same as in the past. If financial
incentives are lower in the future we would expect to see lower rates of installation.
Conversely, if financial incentives are higher than in the past, then increased rates of
installation are more likely. Also, we do not consider technology advances or lower
future costs of solar on an installed basis. Finally the lack of information related to
when the solar projects were installed is a weakness in the data. We believe using
the bounding approach of five years to ten years is a reasonable method to
approximate the market potential in Vermont, but it should be noted that the
estimates are generic and broad based.

WIND
According to the data obtained from VSJF, currently Vermont has 147 existing
customer‐sited wind projects. Data was not available to identify the dates of the
installations, and therefore, assumptions needed to be developed regarding the rate
of wind installations. Based on discussions with the VSJF staff we used two
estimates for the amount of time that the 147 installations occurred: five and ten
years, reflecting a growth rate of 29 to 15 sites per year, respectively. The average
project size of existing customer‐sited wind generation is 9.5 kW per wind site.
Assuming the financial incentives and loan programs remain similar to existing
programs, we can expect wind projects to continue to be developed at the pace of
those that were developed historically. Therefore, we can expect actual construction
at a rate of 15 to 29 per year for all load zones in aggregate. Using this growth rate
over a 20‐year planning period, we calculate that between 294 and 588 wind
projects could come online. Using the average rates of kW and kWh by load zone
from the historic data, we calculated rates by zone and applied the number of
projects on a customer‐weighted basis to each zone. This trend analysis indicates
that we can expect between 2,792 kW and 5,584 kW of wind power to come online
in 20 years. Table 16 summarizes the findings of market potential for wind by load
zone.
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TABLE 16: WIND MARKET POTENTIAL AFTER 20 YEARS OF INSTALLATIONS
Low Ca se Ma rke t P ote ntia l

Zone

Zone N a me

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Newport
St. Albans
Johnson
Morrisville
Montpelier
St. Johnsbury
Burlington
Essex IBM
Chittenden\Addison
Middlebury
Central - Barnard
Proctor (Florence)
Rutland
Ascutney
Southern
Highgate
T OT AL

N umbe r of
P ote ntia l
W ind S ite s

Ma rke t
P ote ntia l
KW

24
20
18
28
20
2
4
56
36
18
20
6
28
14
294

216
164
174
280
294
20
24
990
208
84
132
22
106
78
2,792

1

Ma rke t
P ote ntia l
KW H
378,432
287,328
304,848
490,560
515,088
35,040
42,048
1,734,480
364,416
147,168
231,264
38,544
185,712
136,656
4,891,584

H igh Ca se Ma rke t Pote ntia l

N umbe r of
Pote ntia l
W ind S ite s
48
40
36
56
40
4
8
112
72
36
40
12
56
28
588

Ma rke t
P ote ntia l
KW
432
328
348
560
588
40
48
1,980
416
168
264
44
212
156
5,584

2

Ma rke t
P ote ntia l
KW H
756,864
574,656
609,696
981,120
1,030,176
70,080
84,096
3,468,960
728,832
294,336
462,528
77,088
371,424
273,312
9,783,168

1

Low Case assumes past installations occurred over 10 years, resulting in a rate-of-installations per year that is lower than in
the High Case.
2

High Case assumes past installations occurred over 5 years, resulting in a rate-of-installations per year that is higher than in
the Low Case.

There are a number of limitations that should be highlighted related to use of the
wind estimates. The lack of information related to when the past wind projects
were installed is a weakness in the data. We believe using the bounding approach of
five years to ten years is a reasonable method to approximate the market potential
in Vermont, but it should be noted that the estimates are generic and broad based.
The assumption that financial incentives will continue at a rate similar to the past is
significant. Any alterations in the rates of incentives will have an impact on the
installation numbers. We do not consider technology advances or lower future
costs of small wind on an installation basis. Therefore, use of these estimates must
be done with sufficient caveats that are noted herein.

3. CONCLUSIONS AND LIMITATIONS
FARM METHANE
1. Technical Potential 176 farms and 15 MW.
2. Market Potential between 22 and 44 farms for a total of 1.9 MW to 3.7 MW
over 20 years.
3. Did not include discount for lack of access to three phase distribution service.
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4. Did not take into account economic pressures in the dairy industry and the
reduction of dairy farms into the future.
5. Used past rates of installation as indicator for future rate of development.
6. Based on past financial incentives; future incentives could be higher or lower.
Solar
1. Technical Potential 292 MW.
2. Market Potential between 9.1 MW and 18.2 MW over 20 years which would be
installed over 1,619 to 3,236 customer sites, respectively.
3. Projection of market potential is a generalized estimate and the data has a
number of limitations.
4. We assumed the past rate of development will continue into the future at an
equal pace.
5. Incentives and funding sources may not be the same as in the past. If financial
incentives are lower in the future we would expect to see lower rates of
installation. Conversely, if financial incentives are higher than in the past, then
increased rates of installation are more likely.
6. Lack of information related to when the solar projects were installed is a
weakness in the data. We believe using the bounding approach of five years to
ten years is a reasonable method to approximate the market potential in
Vermont, but it should be noted that the estimates are generic and broad
based.
7. We do not consider technology advances or lower future costs of solar on an
installed basis.
8. It is critical to note that the actual effectiveness of intermittent solar
generation resources for use in transmission planning analyses could be as
low as zero depending upon the timing of the peak load reduction required.
Wind
1. Technical Potential 22 MW over 20 years.
2. Market Potential between 2.8 MW and 5.6 MW over 20 years which would be
installed over 294 to 588 customer sites, respectively.
3. Projection of market potential is a generalized estimate; the data has a number
of limitations.
4. The lack of information related to when the past wind projects were installed
is a weakness in the data. We believe using the bounding approach of five
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years to ten years is a reasonable method to approximate the market potential
in Vermont, but it should be noted that the estimates are generic and broad
based.
5. The assumption that financial incentives will continue at a rate similar to the
past is significant. Any alterations in the rates of incentives will have an
impact on the installation numbers. Therefore use of these estimates must be
done with sufficient caveats that are noted herein.
6. The estimate of the number of customers living in a location with sufficient
wind is an approximation. Additional data and study would be needed in
order to refine these assumptions and to therefore provide better results.
7. It should be noted that the wind classes are not uniformly distributed across
the landscape and people tend to live away from high wind locations.
8. We do not consider technology advances or lower future costs of small wind
on an installation basis
9. It is critical to note that the actual effectiveness of intermittent wind
generation resources for use in transmission planning analyses could be as
low as zero depending upon the timing of the peak load reduction required.
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