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Foreword

The provision of reliable and secure energy to 
meet the growing demands of this century, in a 
way which mitigates the adverse effects of climate 
change, is an existential challenge to the human 
enterprise. A failure to meet the challenge would 
pose grave risks to the functioning of world econ-
omies, the nature of societies and our endangered 
ecosphere. In fact, the degree of success in this 
area will be a big determinant of whether this will 
be the best or the worst century for humankind.

One proposed method for improving the eco-
nomic, environmental and energy-security per-
formance of the U.S. power sector is the adoption 
of distributed power systems (DPS), a combina-
tion of distributed generation and electricity stor-
age technologies. In this inter-disciplinary paper, 
scholars from the Brookings Institution’s Energy 
Security Initiative and the Hoover Institution’s 
Energy Task Force evaluate the case for greater 
deployment of DPS. The chapters which follow 
set out a number of considered conclusions and 
clear recommendations for all policy makers who 
have a responsibility for ensuring the security and 
sustainability of our energy system now and for 
future generations.

Strobe Talbott
President
Brookings Institution

Many energy analysts have noted the potential 
for DPS to become a major part of our electric-
ity infrastructure.  The recent drop in key tech-
nology costs has brought this potential closer to 
reality.  But in this rapidly developing field, the 
great progress on the technological front has yet 
to be fully matched by progress in policy making.  
And major questions of affordability, integration, 
and security remain to be answered before we can 
determine what role distributed energy sources 
should play in our future energy system.

DPS offers the potential for more reliable, secure, 
and green energy.  It can encompass everything 
from fuel cells providing electricity and clean wa-
ter to a remote army outpost in Afghanistan to 
solar panels on the roof of a home in Arizona.  At 
the same time, possible pitfalls related to DPS use 
must be seriously and realistically addressed be-
fore we make a major commitment to a distrib-
uted energy future.

This report provides a comprehensive survey of 
the current technology and policy landscape of 
DPS and offers recommendations for its future 
use.  As it highlights the importance of an emerg-
ing, critical policy issue that has not received the 
full attention it merits until now, we believe the 
report will be useful to policy makers and practi-
tioners alike.

George P. Shultz
Thomas W. and Susan B. Ford Distinguished Fellow
The Hoover Institution
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executive summAry

The U.S. power system is the backbone of the 
country’s economy. Yet, with growing stress 
on the aging existing electricity grid, increas-

ing integration of information technology with 
the power sector infrastructure, and an impera-
tive to reduce the environmental impact of power 
generation, the system faces an unprecedented 
range of economic, environmental, and security-
related challenges. The situation has given rise to 
increased interest in the potential for Distributed 
Power Systems (DPS): a combination of distrib-
uted sources of power production, and distrib-
uted energy storage. This study examines the 
economic, environmental, and energy security 
case for DPS. It finds that increased penetration 
of DPS has the potential to make a significant 
positive contribution to the U.S. power system. 
It also finds a strong case for DPS as a resource 
for the defensive and offensive operations of the 
U.S. military.

In general, the economics of DPS are still unprov-
en: using a traditional cost-comparison model, 
our analysis shows that most DPS technologies 
are currently uncompetitive when compared with 
central station fossil-fuel generation. However, in 
certain regions of the country, some DPS technol-
ogies are already cost competitive with large-scale 
fossil-fuel generation. These include IC engines 
and gas turbines with combined heat and power; 
and medium and community-scale wind genera-
tion.The economic analysis also shows that a mod-
erate price on carbon of $30 would increase the 

competitiveness of some renewable energy DPS 
applications. Moreover, many DPS technologies, 
such as solar photovoltaic, are realizing rapid de-
clines in unit costs that are likely to continue with 
sustained research, development and deployment 
of such systems. Economic analysis and extensive 
outreach to power sector stakeholders show that 
the benefits of DPS are location and time-specific, 
and that DPS is more valuable in areas with high 
levels of system congestion or peak demand and 
no excess capacity.  

There is also widespread agreement among power 
sector stakeholders that existing economic models 
do not capture the full range of potential benefits 
that DPS can provide. These include improved ef-
ficiency of the distribution system, reduced strain 
on the grid during peak demand period, greater 
reliability, environmental and land-use benefits, 
possible job creation, the harnessing of untapped 
energy resources, and other region-specific ben-
efits. They also include the security value of DPS, 
both as a means of decreasing the vulnerability of 
the civilian grid to disruption and attack, and as a 
resource for the defensive and offensive operations 
of the U.S. military.  In addition, many stakehold-
ers see that there is insufficient information on the 
full spectrum of costs and benefits of DPS. 

Federal and state policy makers have an opportu-
nity to better capture the economic, environmen-
tal, and energy security benefits of DPS through 
the implementation of policies that correct mar-
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ket failures, provide incentives, remove barriers, 
and promote the exchange of information and 
education. 

To realize the full potential of DPS, the federal gov-
ernment should: set broad energy policies that ac-
count for the externalities of carbon dioxide and 
other emissions; promote sustained technology re-
search and development; conduct research on the 
impact of DPS penetration on both reliability and 
security; support DPS-related knowledge sharing 
and awareness; and use procurement both in the 
civilian and military sectors to increase DPS com-
petitiveness through increased scale. 

The U.S. military has a particularly compelling 
incentive to adopt DPS, which can help it meet 
its renewable energy and energy efficiency goals; 
improve the security of power delivery to bases 
at home and abroad; and provide advantages for 
expeditionary activities in theater. The military 
should consider distributed generation and mi-
crogrids as an essential part of its electricity gen-
eration strategy, and should develop and deploy 
DPS technologies that increase the efficiency of 
personnel in theater. 

State governments should take a lead in DPS-spe-
cific policy making. They should use policy tools 
that differentiate between DPS systems according 
to size. For small-scale customer generation, state 
regulators and energy planners should encourage 
net metering, reduce technical and non-technical 
barriers to interconnection, and implement pric-
ing mechanisms that accurately value the power 
produced from DPS. For larger systems that sell 
power into wholesale markets, state policy makers 
should adopt limited financial incentives aimed at 
increasing the competitiveness of DPS over time. 
Stakeholders agree that storage and combined 
heat and power (CHP) have particular potential 
for improving the efficiency and economics of the 
U.S. power sector and, therefore, should be priori-
ties for targeted policy support.  

The increased penetration of DPS has the poten-
tial to make a significant positive contribution to 
the U.S. power system and to the energy needs of 
the U.S. military. As policy makers strive to meet 
the challenges of the power sector in the 21st cen-
tury in an economic and environmentally respon-
sible way, this paper provides them with a set of 
options for realizing that potential. 
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1  Non-hydro new summer renewable energy capacity from 1989 to 2009 increased by approximately 312 percent (United States Energy 
Information Administration, Annual Energy Review 2009, p. 264.)

2  For an in-depth review of this issue, see Ebinger, C and Massy, K “Software and Hard Targets: Enhancing Smart Grid Cybersecurity in the Age 
of Information Warfare,” Brookings, February 2011.

The U.S. power sector faces the biggest over-
haul in its history. Designed for the supplies 
and demands of the 20th century, the current 

electric grid requires substantial investment to 
continue to provide reliable power for a growing, 
electricity-dependent population. The pressures 
on the power system are compounded by two ma-
jor trends that will have a profound impact on the 
provision and consumption of electricity: the inte-
gration of large amounts of renewable energy gen-
eration capacity and the advent of the “smart grid.”

Concerns over carbon emissions and climate 
change have led to federal and state-level efforts 
to reduce the environmental impact of electric-
ity generation. Spurred by an array of incentives 
and mandates, and facilitated by falling costs of 
technology, the United States has deployed a vast 
quantity of large-scale renewable-energy installa-
tions over the past decade.1 Such power sources 
provide significant reliability challenges as grid 
operators and utilities attempt to both integrate 
output from intermittent generation sources and 
reduce reliance on fossil fuel-based power while 
keeping the lights on. Much of the added renew-
able energy generation capacity is located in—or 
planned for—areas a long way from demand cen-

ters. The extra infrastructure required to transmit 
and distribute the output from these new genera-
tion sources presents an enormous financial, lo-
gistical and legal challenge. 

This challenge of renewable integration comes at 
a time when the existing power grid is facing un-
precedented demands. While electricity remains 
the backbone of economic activity enthusiasm 
among policy makers and end users for a more 
flexible and efficient power system is leading 
to the integration of digital technology into the 
physical electricity infrastructure and the creation 
of a “smart grid.” However the full realization of 
the smart grid concept will require resolution of 
a host of issues including new pricing structures, 
cost-allocation and consumer acceptance. Ac-
cording to security analysts, the integration of in-
formation technology into the power system will 
also make the electricity supply more vulnerable 
to network-wide cyber attacks or infiltration by 
domestic or foreign actors.2 

The situation has given rise to a growing interest 
in the potential for Distributed Power Systems 
(DPS), a combination of distributed generation 
sources (also called distributed generation) and 
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distributed grid storage. DPS technologies include 
rooftop solar installations, “microwind” turbines, 
electrochemical fuel-cell systems and fossil fuel-
based combined heat and power (CHP) applica-
tions. They also incorporate distributed energy 
storage systems, including advanced batteries and 
vehicle-to-grid (V2G) systems. 

The broad range of technologies and applications 
that can be categorized as DPS means that any 
assessment of their collective costs, benefits and 
potential--and the appropriate level of policy sup-
port for them--must proceed cautiously. 

Advocates of DPS see them as a means of harness-
ing local sources of generation to enable commer-
cial, residential and industrial electricity consum-
ers to bypass the centralized system of generation 
and dispatch and, in many cases to meet their 
own electricity needs. They see DPS as having the 
potential to stabilize and support the grid by re-
lieving congestion while deferring or avoiding the 
construction of new centralized power plants by 
offsetting end-user demand. 
 
They also highlight the ability of many distrib-
uted technologies to increase the efficiency of 
power delivery through avoided transmission 
and distribution (T&D) losses, reduced capital 
expenditures on T&D, the conversion of waste 
heat and energy to useful power and the ability to 
harness distributed renewable resources through 
systems such as rooftop solar installations. Oth-
ers stress their potential to decrease electricity-
system vulnerability through the diversification 
of the power supply portfolio and the “islanding” 
of generation and distribution. They also see the 
potential for DPS technologies to be adopted by 
the military to improve the operating efficiency of 
bases and expeditionary missions. The most ar-
dent supporters of DPS see them as holding the 
potential to revolutionize the U.S. power sector 
through the replacement of the existing power 
system with new local markets for electricity 

based on networks of small-scale generation and 
informed consumption. 
 
Critics of DPS highlight the high cost of distrib-
uted sources of power generation relative to cen-
tralized power stations and the danger of subsi-
dies and incentives for DPS technologies creating 
unsustainable industries. They also point out the 
negative disruptive effects of attempting to inte-
grate small-scale generation and storage systems 
into a power infrastructure not designed to ac-
commodate them. In a sector that depends more 
than any other on predictability and reliability of 
operations, they argue, any attempt to move away 
from a highly centralized and controlled system 
to a new paradigm based on the aggregation of 
numerous independently run assets comes with 
enormous direct and indirect costs. 
 
This paper aims to address the role and potential 
for DPS by addressing four basic questions:
 

•	 What are the current economic, envi-
ronmental and energy security costs and 
benefits of increased penetration of DPS 
relative to the centralized model of power 
generation?

•	 What policies and regulations are cur-
rently in place to promote DPS and how 
effective are they? 

•	 What are the potential benefits of in-
creased penetration of DPS and what are 
the barriers to achieving them? 

•	 What, if anything, can and should federal 
and state governments do to further en-
courage DPS?

  
The report is divided into four sections: 

•	 Chapter 1 places the evaluation of DPS in 
a historical context, provides a definition 
and overview of each of the DPS technol-
ogies, and provides a summary of notable 
DPS programs and initiatives to date.
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•	 Chapters 2 and 3 assess the economic, 
environmental and security-related costs 
and benefits of DPS relative to central-
ized power generation. The economic 
and environmental analyses rely on a 
quantitative model developed by E3, an 
independent energy economics consul-
tancy. Chapter 3 provides an overview 
of the security-related benefits of DPS 
drawing on existing literature.

•	 Chapters 4 and 5 address the policy land-
scape for DPS, with the former addressing 
the range of existing and proposed poli-
cies that have a bearing on DPS adoption 
at both the federal and state levels. Chap-
ter 5 reports on the results of the primary 
policy-related research conducted for 

this study. The research team canvassed 
a wide spectrum of stakeholders in the 
U.S. power system to establish respon-
dents’ views on the current role and po-
tential benefits of DPS; the effectiveness 
of current policies and incentives related 
to DPS; the barriers to DPS; and the de-
sirability and effectiveness of a range of 
proposed mechanisms to improve the 
performance and penetration of DPS. 

•	 Based on the findings of the preceding 
sections, Chapter 6 outlines the report’s 
findings and conclusions and proposes a 
set of recommendations for policymakers 
looking at DPS as a potential tool to meet 
state and federal energy policy goals. 
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overview oF distributed Power systems

CHAPTER 1

3  “The Changing Structure of the Electric Power Industry 2000: An Update,” Office of Coal, Nuclear, Electric and Alternate Fuels, U.S. Energy 
Information Administration, U.S. Department of Energy, October 2000. p. 114.

4 Richard Hirsch, “Technology and Transformation in the American Electric Utility Industry,” Cambridge University Press, 2003 

1.1 DPS in context

For the past century, the U.S. electric power system 
has operated predominately on a model of central-
ized electricity generation, with power being de-
livered to end users via a long-distance transmis-
sion and distribution infrastructure. The original 
rationale for the centralized model was economi-
cally compelling. Economies of scale in the con-
struction of generation assets coupled with the 
highly capital-intensive nature of generation and 
transmission construction led to the emergence 
of local monopolies in the form of franchises re-
sponsible for discrete geographic service. The re-
quirements to balance loads and ensure reliability 
of supply led to the development of an intercon-
nected system. By the 1950s, the vast majority of 
U.S. power demand was served by the electric util-
ity industry with the exception of a small number 
of industries that continued to rely on self genera-
tion. Driven by inexpensive fuels and unlimited 
capacity growth, electricity generation grew by 
an average of 6.5 percent per year from 1950 to 
1960 and by an average of 7.5 per year from 1960 
to 1970, creating a robust demand for the output 
of the central station power system.3 As the sys-
tem grew, the laws and regulations designed to  

protect the consumer from the natural monopo-
lies helped to expand the centralized grid model. 

The Move to Decentralized Generation

The trends in operating efficiency, cost and size 
that supported a centralized power system have 
leveled out over the past 40 years. Beginning in 
the 1970s, the electric utility industry changed 
from one characterized by decreasing marginal 
costs to one of increasing costs.4 The energy cri-
ses and oil price shocks at the beginning and end 
of the 1970s, stricter air quality regulations, ris-
ing interest rates and escalating costs of nuclear 
power led to increased costs of building large-
scale power plants, while a drop-off in the rates 
of electricity demand growth made the case for 
new additions of such plants less attractive. At the 
same time, the market for non-utility generation 
also began to open up. The National Energy Act 
of 1978, which encompassed the Public Utility 
Regulatory Policies Act (PURPA) was enacted 
to address a nationwide energy crisis. PURPA 
heralded a new era of distributed generators by 
enabling small power producers to sell genera-
tion from “qualifying facilities, or QFs” to utili-
ties without discrimination. Qualifying facilities 
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5  Eric Martinot, Ryan Wiser and Jan Hamrin, “Renewable Energy Policies and Markets in the United States,” (Center for Resource Solutions, 
2005). (http://www.efchina.org/csepupfiles/report/2007122104842884.369074320503.pdf/RE_Policies&Markets_US.pdf)

6 Ibid.
7  “PURPA, A Mixed Blessing,” part of “FERC Notices of Proposed Rulemaking on Electricity,” Federal Energy Regulatory Commission (FERC), 

March 29, 1988.
8  Severin Borenstien and James Bushnell, “Electricity Restructuring: Deregulation or Reregulation?” Regulation Volume 23, No. 2, Cato 

Institute, 2000; An interesting parallel can be drawn with the situation in 2011 as unexpectedly low natural gas prices increase the challenge to 
the economics of renewable power generation.

9  “Construction Costs for New Power Plants Continue to Escalate IHS-CERA Power Capital Costs Index,” IHS CERA press release, May 27, 
2008. (http://energy.ihs.com/News/Press-Releases/2008/IHS-CERA-Power-Capital-Costs-Index.htm)

were accorded the right to sell energy or capacity 
to a utility; the right to purchase certain services, 
such as back-up power, maintenance power and 
interruptible power from utilities; and relief from 
certain regulatory burdens.
 
Under the terms of PURPA, utilities subject to fed-
eral regulation were required to purchase electric-
ity from QFs at “avoided cost,” the cost the utility 
would have to pay to generate the electricity itself. 
While the Federal Energy Regulatory Commission 
(FERC) created a set of rules for the implementa-
tion of PURPA, the interpretation and implemen-
tation of PURPA—and particularly the “avoided 
cost” calculation—was left to the discretion of the 
states and their public utility and public services 
commissions.5 The consequence of this state-level 
implementation was a patchwork of varying poli-
cies for the integration of QFs into the power gen-
eration mix. Generous “avoided cost” levels led to 
the policy proving so popular in California that 
the state suspended its PURPA system in 1985 due 
to surplus supply from operators of QFs. PURPA 
implementation, together with associated tax in-
centives, contributed to the addition of 12,000 
MW of geothermal, small-scale hydro, solar, wind 
and biopower generation facilities through the 
1980s in the United States, more than half of which 
was in California.6 In most other states, however, 
PURPA was not enacted with such enthusiasm 
and FERC acknowledged the uneven nature of 
the policy’s implementation.7 California’s inter-
pretation of PURPA provided the basis for many 
current “feed-in tariff ” policies, through which 
utilities offer fixed price, fixed-term contracts for 
power generated from specified sources. 

While the early 1980s saw a spike in the number 
of small-scale power producers, the requirement 
for small generators to sell their power at a state-
determined “avoided cost,” combined with falling 
natural gas prices, made many of the long-term 
QF contracts uneconomic relative to centralized 
generation.8 

Several other legislative and regulatory develop-
ments in the following decade continued to sup-
port distributed generation. The Energy Policy 
Act of 1992 began the process of opening access 
to interstate transmission lines to independent 
power producers, thereby creating a competitive 
wholesale electricity market. The move to deregu-
late (or restructure) retail electricity markets in 
the late 1990s gave an even larger boost to distrib-
uted generation. By 2000, 15 states had enacted 
restructuring legislation that challenged the dom-
inance of large utilities by enabling smaller power 
producers to compete for retail customers. 

In the past decade, several factors have combined 
to hinder the development of centralized power 
generation while increasing the attractiveness of 
distributed generation. According to IHS CERA, 
the cost of constructing new power plants in-
creased 131 percent between 2000 and 2008,9 
owing in large part to rising raw material and 
labor costs, a shortage of skilled and specialized 
engineers and a global increase in demand for 
similar equipment and services. New large-scale 
generation has also faced several non-financial 
obstacles. New coal facilities are threatened both 
by new environmental regulations on greenhouse 
gas (GHG) emissions and potential increased 

http://www.efchina.org/csepupfiles/report/2007122104842884.369074320503.pdf/RE_Policies&Markets_US.pdf
http://energy.ihs.com/News/Press-Releases/2008/IHS-CERA-Power-Capital-Costs-Index.htm
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10  Vikram S. Budhraja, Fred Mobasheri, Margaret Cheng, Jim Dyer, Eduyng Castano and Stephen Hess, “California’s Electricity 
Generation and Transmission Interconnection Needs Under Alternative Scenarios: Assessment of Resources, Demand, Need 
for Transmission Interconnections, Policy Issues and Recommendations for Long Term Transmission Planning,” (Prepared for 
California Energy Commission) Electric Power Group, LLC, November 17, 2003. (http://www.electricpowergroup.com/Downloads/
pFinalCAElecGenTransNeeds11-17T3.pdf)

generation costs if carbon is priced. Pending EPA 
regulations for sulfur dioxide (SO2), nitrogen ox-
ide (NO) and mercury (Hg) may shut down sub-
stantial portions of coal-fired power in the United 
Stateswhile causing many remaining coal power 
assets to require costly retrofits. Water usage rules 
also threaten to impede the build-out of large-scale 
generation plants, evidenced by the federal ban on 
“once through” cooling, which has had a negative 
effect on new power plant construction. Even for 
cleaner-burning natural gas, regulations and rules 
on emissions have created considerable uncertain-
ty. A potential rebirth of new large nuclear facilities 
in the United States, already in doubt owing to fi-
nancial and regulatory concerns, has been thrown 
further into question amid public safety concerns 
after the Fukushima disaster in Japan.

Large scale renewable generators also are facing 
severe challenges of land use and transmission 
capacity. Generators located in remote regions 
where renewable resources are abundant—such 
as wind resources in the plains of Wyoming, 
Montana and the Dakotas and solar in the Mojave 
Desert—will require the construction of signifi-
cant amounts of new transmission infrastructure 
to reach load centers. According to the Electric 
Power Group’s report for the California Energy 
Commission,10 it takes eight to ten years to per-
mit, construct and build a new high voltage trans-
mission corridor. Environmental considerations 
are also an issue for such projects: large solar proj-
ects in the desert have faced strong opposition to 
their land use and impact on endangered species, 
while proposed wind farms have faced local op-
position on environmental and aesthetic grounds. 

At the same time that large-scale generation 
has faced an increasing number of challenges,  

advances in technology have increased the com-
petitiveness of small-scale generation by further 
driving down the cost of modular power-gen-
eration and storage systems and enhancing the 
options for communications between small gen-
erators, utilities and end users. New grid tech-
nologies including real-time metering, commu-
nication and storage devices have increased the 
potential for networking energy sources at a com-
munity level.
 
Federal and state-level efforts to incentivize and 
mandate the build out of lower-carbon power 
generation capacity have added to the economic 
attractiveness of many DPS applications through 
loans, grants, tax incentives, portfolio standards 
and other mechanisms. Interest from the private 
sector, which is more likely to consider invest-
ments in DPS than in large generation owing to 
lower capital costs and greater innovation poten-
tial, has also helped make DPS more attractive. 
Finally, new markets mechanisms also are being 
considered that will enable distributed genera-
tors to compete with larger incumbent sources 
of generation. Grid operators such as PJM, New 
York Independent System Operator (NYISO) 
and California Independent System Operator 
(CAISO) are considering changes to allow dis-
tributed loads and storage resources to provide 
ancillary services competing with natural gas 
generators.
 
1.2 Definitions 

Distributed power systems (DPS) are a combina-
tion of distributed sources of generation (often 
termed “DG”) and distributed storage. They are also 
referred to as distributed energy resources (DER), 
dispersed generation, embedded generation and 

http://www.electricpowergroup.com/Downloads/pFinalCAElecGenTransNeeds11-17T3.pdf
http://www.electricpowergroup.com/Downloads/pFinalCAElecGenTransNeeds11-17T3.pdf
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11  Thomas Ackermann, Goran Andersson and Lennart Soder, “Distributed generation: a definition,” Electric Power Systems Research 57 (2001): 
195-204. (http://paginas.fe.up.pt/~cdm/DE2/DG_definition.pdf).

12  P. Dondi, D. Bayoumi, C. Haederli, D Julian, and M. Suter, “Network integration of distributed power generation,” Journal of Power Sources 
106 (2002): 1-9.

13  “Accommodating High Levels of Variable Generation,” North American Electric Reliability Corporation (NERC) Special Report, April 2009, 
p.60. (http://www.nerc.com/files/IVGTF_Report_041609.pdf).

14 Energy Policy Act of 2005 (EPAct), Section 917.
15 N. Hatziargyriou, “Modeling New Forms of Generation and Storage,” CIGRE Technical Brochure, TF 38.01.10, November 2000.
16 Thomas Ackermann et al, Distributed generation: a definition, Electric Power Systems Research 57, 2001. 195–204.

on-site generation.11 There is far more existing lit-
erature on the definition of distributed generation 
than on distributed storage. The definition of dis-
tributed generation is informed by three principal 
considerations: the nature of the generator’s out-
put, its location and its size. There is substantial 
variation in the definition of DG as illustrated by 
examples from the following organizations: 

•	 Institute of Electrical and Electronics 
Engineers: “the generation of electricity 
by facilities that are sufficiently smaller 
than central generating plants so as to al-
low interconnection at nearly any point 
in a power system.12

•	 North American Electric Reliability 
Corporation: “a generator that is located 
close to the particular load that it is in-
tended to serve. General, but nonexclu-
sive, characteristics of these generators 
include: an operating strategy that sup-
ports the served load; and interconnec-
tion to a distribution or sub-transmission 
system (138 kV or less).”13 

•	 United States Congress: “an electric 
power generation facility that is designed 
to serve retail electric consumers at or 
near the facility site.”14

•	 International Council on Large Elec-
tricity Systems (CIGRE): “not centrally 
planned, today not centrally dispatched, 
usually connected to the distribution net-
work, smaller than 50-100 MW.”15

 

For the purposes of this study, DPS is defined as: 

Selected electric generation systems at dis-
tribution level voltages or lower whether on 
the utility side of the meter or on the cus-
tomer side; and distribution-level electric-
ity storage applications.

This definition is explained below according to its 
constituent parts. 

“Selected electric generation systems…and distri-
bution-level electricity storage applications”: This 
study focuses on an exclusive subset of technolo-
gies that constitute the most significant compo-
nents of DPS applications. As with the general 
definition of DG, the technologies that qualify 
for consideration are diverse. Ackermann et al 
provide an excellent overview of the electricity-
generating technologies that can be considered as 
DG (see Table 1). 

For the purposes of this study, the definition of 
DPS technologies has been reduced to a set of 
eight applications that constitute, in the view of 
the research team, the principal elements of dis-
tributed generation and storage. These applica-
tions are a combination of renewable and fossil 
fuel generation sources: 

Solar: Systems that use either solar photovoltaic 
technology to convert sunlight directly into elec-
tricity or solar thermal technology to concentrate 
solar heat to drive a turbine for electricity produc-
tion. 

http://paginas.fe.up.pt/~cdm/DE2/DG_definition.pdf
http://www.nerc.com/files/IVGTF_Report_041609.pdf
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17  Many definitions of distributed energy include demand response and end-user efficiency. While the authors recognize the value of these 
resources and the large potential they have for improving the performance and reliability of the power system, they were not included in the 
definition of DPS owing to a desire to focus on the relative competitiveness of generation technologies and a limited capacity to undertake a 
detailed analysis of end-user behavioral economics.

Table 1: Technologies for disTribuTed generaTion
16

Technology
Typical available 
size per module

Combined cycle gas turbine 35–400 MW

Internal combustion engines 5 kW–10 MW

Combustion turbine 1–250 MW

Micro-Turbines 35 kW–1 MW

Renewable  

Small hydro 1–100 MW

Micro hydro 25 kW–1 MW

Wind turbine 200 Watt–3 MW

Photovoltaic arrays 20 Watt–100 kW

Solar thermal, central receiver 1–10 MW

Solar thermal, Lutz system 10–80 MW

Biomass, e.g. based on gasification 100 kW–20 MW

Fuel cells, phosacid 200 kW–2 MW

Fuel cells, molten carbonate 250 kW–2 MW

Fuel cells, proton exchange 1 kW–250 kW

Fuel cells, solid oxide 250 kW–5 MW

Geothermal 5–100 MW

Ocean energy 100 kW–1 MW

Stirling engine 2–10 kW

Battery storage 500 kW–5 MW

Wind: Systems that use wind-driven turbines to 
create electricity. 

Combustion Engines: Reciprocating engines, 
spark-ignited or compression ignited piston-driv-
en engines that run on natural gas or liquid fuels 
and generate electricity. 

Microturbines: Combustion turbines that con-
vert fuel (usually high-temperature, high-pres-
sure gas) into mechanical output, which is then 
converted into electricity. Most commonly com-

prise a compressor, a combustor, a turbine, an al-
ternator, a recuperator and a generator.

Combined Heat and Power (CHP): Applica-
tions, located near the point of consumption,  that 
simultaneously produce useful thermal heat and 
harness process heat for the production of electric-
ity. (It should be noted that CHP is not included 
in Ackerman’s description, as it is an application 
rather than a specific technology—see section 1.3 
for more details). 

Microhydropower: Applications that use flowing 
water to create mechanical energy, which is then 
converted to electricity. 

Fuel Cells: Electrochemical devices that convert 
a fuel source (such as methane or hydrogen) into 
electricity. 

Storage: Both electrochemical devices that con-
vert electricity into chemical energy and then re-
verse the process for the provision of power (i.e. 
batteries); and devices that convert electricity to 
potential mechanical energy (compressed air, 
pumped water), to be reconverted to electricity 
when required. (See section 1.3  for more detail 
on DPS technologies).

 “…at distribution level voltages or lower”: One of 
the most challenging definitional tasks in discuss-
ing distributed generation is the scale of applica-
tions. As the definitions above show, some orga-
nizations prefer to address the scale question in 
terms of nameplate capacity while others prefer 
to address the issue from the perspective of the 
point at which applications connect to the grid. 
This study adopts the latter definition, focusing 
on applications that are situated close to load.17 
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18  “The Potential Benefits of Distributed Generation and Rate-Related Issues That May Impede Their Expansion: A Study Pursuant to Section 
1817 of the Energy Policy Act of 2005,” U.S. Department of Energy, February 2007. (http://www.ferc.gov/legal/fed-sta/exp-study.pdf).

19  Vaclav Smil, “Energy at the Crossroads” (Background notes for presentation at the Global Science Forum Conference on Scientific 
Challenges for Energy Research, Paris, May 17-18, 2006); “BP Statistical Review of World Energy,” June 2011. (http://www.bp.com/assets/
bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/
statistical_review_of_world_energy_full_report_2011.pdf). Calculations: World energy consumption in 2010 = 12,000; MTOE = 511; EJ = 
142,070 TWh; Solar insolation has a global mean of 170 W/m2 = 122,000 TW.

20  Rhead Enion, “2010 U.S. Solar Market: $6 billion,” Legal Planet: The Environmental Law and Policy Blog, March 10, 2011 (http://legalplanet.
wordpress.com/2011/03/10/2010-u-s-solar-market-6-billion/).
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figure 1: PlummeTing cosT of solar PV (cosT Per WaTT in 2009 dollars)

1.3 Overview of DPS technology

Distributed generation—the process of generating 
electricity at small scale in the vicinity of the load 
center—is an established concept and one with a 
long history. Even after the advent of alternating 
current transmission lines and increases in turbine 
efficiency that made large, centralized power gen-
eration possible, electricity consumers found nu-
merous uses for distributed generation. Industrial 
customers have long relied on on-site generation 
to harness more economic sources of power than 
that available from the grid, while facilities with 
critical power needs such as hospitals and military 
installations have relied on on-site generation for 
back-up generation.18 As stated above, this study 
focuses on eight distinct DPS technologies, which 
are explained here in greater detail. 

Solar

Solar energy is the most abundant form of energy in 
the world: the solar energy striking the Earth’s sur-
face in one hour is equivalent to the total global ener-
gy consumption for all human activities in one year.19 
The United States has some of the world’s highest so-
lar energy potential. The solar industry has recently 
made substantial breakthroughs on cost, with some 
solar panels now below the $1/ peak Watt.

The United States is poised to continue to be a 
global leader in solar installations in the coming 
years and has shown historically strong growth 
by more than doubling its new installed capacity 
from 2009 to 2010. With 956 MW of new solar 
system installations in 2010, the U.S. solar market 
ranked fourth globally.20 The $6B U.S. industry 
employs an estimated 100,000 according to the 

http://www.ferc.gov/legal/fed-sta/exp-study.pdf
http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2011.pdf
http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2011.pdf
http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2011.pdf
http://legalplanet.wordpress.com/2011/03/10/2010-u-s-solar-market-6-billion/
http://legalplanet.wordpress.com/2011/03/10/2010-u-s-solar-market-6-billion/
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21 See the Solar Energy Industries Association website (http://www.seia.org/).
22 Included in this total were 2,086 MW of photovoltaics (PV) and 507 MW of utility-scale concentrating solar power.
23  “2010 U.S. Wind Industry Annual Market Report: Rankings,” American Wind Energy Association (AWEA), Updated May 2011. (http://

www.awea.org/learnabout/publications/factsheets/upload/2010-Annual-Market-Report-Rankings-Fact-Sheet-May-2011.pdf).
24  Electric Power Annual 2009, U.S. Energy information Administration, U.S. Department of Energy, (http://www.eia.gov/cneaf/electricity/epa/

epa_sprdshts.html); and “U.S. Wind Industry Year-End 2010 Market Report,” American Wind Energy Association, January 2011.
25 See FloDesign Wind Turbine (www.fdwt.com).
26 “AWEA Small Wind Turbine Global Market Study,” American Wind Energy Association, 2010.

Solar Energy Industries Association.21 The major 
challenge that the industry faces is that of scale. 
By the end of 2010, the United States had 2,593 
megawatts (MW) of installed solar capacity;22 to 
place this figure in perspective, it is equivalent 
to one third of the capacity of the Grand Coulee 
Dam (7,079 MW peak).
 
In addition to ever decreasing costs and increas-
ing efficiencies of the actual solar panels, new ad-
vancements in inverters and power electronics, 
wiring and balance-of-system, financing and in-
stallation costs will continue to drive up the per-
formance while at the same time reducing cost of 
distributed solar energy.

Wind

Wind power has become the most widely adopt-
ed renewable generation resource in the United 
States, accounting for 26 percent of all new elec-
tric generating capacity in 2010. The industry 
grew by 15 percent in 2010 to 5,116 MW of new 
wind installations, bringing total capacity in the 
United States to over 40 GW.23 Between 2000 
and 2010, wind generation capacity increased at 
an average annual rate of 150 percent.24 The cost 
of wind power has continued to drop such that 
wind power on an installed capacity basis is often 
competitive with conventional generation tech-
nologies. However, the output of wind turbines 
is dependent on local atmospheric conditions 
and cannot be dispatched like fuel-driven gen-
eration technologies. This creates high variability 

in power output onto the grid and in turn poses 
operational challenges for transmission and dis-
tribution systems.

The primary innovations in the industry have 
been around the improvements in blade design, 
the development of turbines that can capture 
wind at higher elevations and the development 
of turbines and systems capable of operating off-
shore. Several new designs have been suggested 
for wind turbines in order to harvest more wind 
power at lower costs, including various high al-
titude wind technologies and new designs using 
jet-engine architectures.25

Market penetration of smaller scale wind turbines, 
which include all technologies that are less than 
100 kW per unit, remains low, accounting for 100 
MW of total installed capacity in the U.S. as of 
2010.26 This is due to a number of factors, includ-
ing intermittency of power generation, noise con-
sideration, availability of land and lack of financing 
options. Lower unit costs ($/kW) and extraction 
of greater power per acreage of land have been the 
primary factors driving up the maximum capacity 
of turbines over the past 20 years, with some indi-
vidual turbine ratings now exceeding 3 MW. There 
has been a recent trend in wind farm development 
to small clusters of large turbines to feed power to 
rural communities. Such projects rely on the dual 
use of land areas with farming as the primary eco-
nomic activity, and wind turbines added as an ad-
ditional source of revenue.

http://www.seia.org/
http://www.awea.org/learnabout/publications/factsheets/upload/2010-Annual-Market-Report-Rankings-Fact-Sheet-May-2011.pdf
http://www.awea.org/learnabout/publications/factsheets/upload/2010-Annual-Market-Report-Rankings-Fact-Sheet-May-2011.pdf
http://www.eia.gov/cneaf/electricity/epa/epa_sprdshts.html
http://www.eia.gov/cneaf/electricity/epa/epa_sprdshts.html
http://www.fdwt.com
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figure 2: disTribuTion of The Purchasers of u.s. Wind PoWer (caTegorized by The off-Take agreemenTs)27

27  “2009 Wind Technologies Market Report,” U.S. DOE Energy Efficiency & Renewable Energy, August 2010. (http://www1.eere.energy.gov/
windandhydro/pdfs/2009_wind_technologies_market_report.pdf)

28  “Form EIA-861 Data for 2008,” U.S. Energy Information Administration. (http://www.eia.doe.gov/cneaf/electricity/page/eia861.html) Units 
that are 10MW or less.

29  Esteve Juanola-Feliu, “Nanobiotechnologies: Technology transfer and commercialization emerging from science and technology parks for 
green growth in Spain” (Presentation, Daejon, Korea, May 24, 2010).

Combustion Engines

The most common form of distributed generation 
technology historically has been the reciprocating 
internal combustion (IC) engine. With over 9,000 
MW of installed capacity in the United States, the 
IC engine accounts for almost 75 percent of all 
fossil fuel-driven distributed generation units.28 
Diesel and natural gas are the most common fuels 
used in such engines: the former used in compres-
sion ignition engines; the latter in spark ignition 
engines. Other spark ignition fuels include biogas, 
landfill gas and propane. IC generators are often 
referred to as “generator sets” or “gensets” because 
they are a combination of an IC engine, a generator 
and various ancillary devices that together form a 
distributed power generation unit. IC generators 
typically range in capacity from a few kilowatts to 
5 MW and can be installed in a modular fashion 
to meet varying size and load needs. The advan-
tages of this technology lies in its low relative cost, 
high reliability, long operating life, short startup 
times and the high availability of fuel sources. The 

IC engine also has high part-load efficiency, mean-
ing that it can match or follow the electric load de-
mand within a 30-100 percent load range both cost 
effectively and with little decrease in efficiency.

The major disadvantages of IC engines are their 
relatively high emissions (in particular, Nitrous 
Oxide, NOx) and low efficiencies, typically in 
the 25-33 percent range. To meet emissions re-
quirements, most IC engine power generators 
use expensive post-combustion emission control 
systems, or are operated on an emergency only 
basis for a limited number of hours per year. As 
a result, such generation technologies are often 
not considered a viable option for energy applica-
tions, and are typically omitted from any energy- 
only comparisons with other distributed genera-
tion technologies.

The global market for generators, estimated at 
$11.5B in 2010,29 is dominated by a set of applica-
tions including standby and emergency back-up 
power, for example in remote cell-tower back-up 

http://www1.eere.energy.gov/windandhydro/pdfs/2009_wind_technologies_market_report.pdf
http://www1.eere.energy.gov/windandhydro/pdfs/2009_wind_technologies_market_report.pdf
http://www.eia.doe.gov/cneaf/electricity/page/eia861.html
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30  “Diesel and Gas Generator Market – Global Market Size, Equipment Market Share and Competitive Landscape Analysis to 2020,” GlobalData 
Report, December 2010.

31 “Backup Generators (BUGS): The Next Smart Grid Peak Resource,” National Energy Technology Laboratory, April 2010.
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in the telecom industry and for back-up power 
and portable power needs in the construction in-
dustry. This market has been dominated histori-
cally by the diesel engine. However, recent adop-
tion of stringent air quality regulations globally 
have shifted demand to other gas based engines, 
bringing the global share of annual demand for 
generators to 69 percent in 2010.30 The installed 
capacity of distributed resources in emergency / 
standby applications accounts for 79 percent of 
the total capacity, while providing merely 2 per-
cent of the total power produced.31

figure 3: insTalled caPaciTy of dPs by 
aPPlicaTion (mW) and share of PoWer generaTed 
by dPs aPPlicaTion (mWh)

Microturbines

Microturbines are electricity generators that burn 
gaseous and liquid fuels in a turbine to create 
high-speed rotation that drives an electrical gen-
erator, typically ranging between 30 to 250 kW. 
Microturbines can operate on two principles: (i) 
Brayton cycle and (ii) Rankine Cycle. The most 
popular form of microturbine technology oper-
ates on the principle of the Brayton cycle, where 
air is compressed, heated and expanded to pro-
duce power. This is the same thermodynamic 
cycle as that in centralized turbine power plants, 
only on a much reduced scale. Microturbines are 
able to run on a variety of fuels, including natural 
gas, sour gases (those with high sulfur content), 
and liquid fuels such as gasoline, kerosene and 
diesel fuel/distillate heating oil. 

The electrical conversion efficiency of microtur-
bines using the Brayton cycle ranges from 20-35 
percent. This is often higher than the combus-
tion engine counterpart, but not high enough to 
provide sufficient economic returns on a power 
generation basis and is typically used where the 
thermal output of the turbine can be used locally 
(as in Combined Heat and Power: see next page 
for more details). Microturbines are also used in 
resource recovery applications where byproduct 
and waste gases that would otherwise be flared 
or released into the atmosphere from landfills or 
coal mines are used to generate power.

Microturbines that use the same thermodynamic 
principle as the steam engine are based on a pro-
cess known as the Rankine cycle. In these sys-
tems, a working fluid, typically water, is boiled in 
an evaporator into a vapor phase that expands to 
drive a turbine/generator. A turbine technology 
known as the Organic Rankine Cycle (ORC) that 
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32 “Clean Heat & Power Basics,” United States Clean Heat & Power Association. (http://www.uschpa.org/i4a/pages/index.cfm?pageid=3283).
33 Ibid.
35 Anna Shipley et al “COMBINED HEAT AND POWER: Effective Energy Solutions for a Sustainable Future, Oak Ridge National Laboratory, 2008

figure 4: elecTrical efficiency and ouTPuT of Various microTurbine Technologies

Source: Stephen Gillette, “Microturbine Technology Matures,” Power Magazine, November 1, 2010

uses an organic, low boiling point working fluid 
in place of water is used where lower temperature 
heat sources are available, such as in waste heat re-
covery systems. Since low embedded thermal en-
ergy or low quality fuel resources that would have 
otherwise been wasted are used in such microtur-
bine applications, conversion efficiencies range be-
tween 10-20 percent. Low grade waste heat can be 
found in many industrial processes and exhausts 
from internal combustion engines, while low qual-
ity fuel resources can be found in landfills, agricul-
tural wastes and other industrial byproducts.

Combined Heat and Power (CHP)

Combined Heat and Power (CHP) does not rep-
resent a specific technology but an integrated 
energy system that provides the simultaneous  

production of both electricity and heat from a sin-
gle fuel source. CHP accounts for nearly 8 percent 
of the power generated in the U.S. and represents 
the largest deployment of distributed generation 
technologies.32  These combined benefits save U.S. 
building and industry operators an estimated $5B 
annually.33

The untapped potential for CHP is vast: accord-
ing to Oak Ridge National Laboratory, CHP 
could save the United States 5.3 quadrillion Brit-
ish Thermal Units (BTUs) of energy by 2030—
equivalent to half of the energy consumed by U.S. 
households—and could reduce carbon dioxide 
emissions by 800 million metric tons per year.34

 
CHP systems are typically found in one of two 
configurations: power generation (turbine or  

http://www.uschpa.org/i4a/pages/index.cfm?pageid=3283
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35 “Co-generation and Renewables: solutions for a low-carbon energy future,” International Energy Agency, May 2011.
36 “Hydropower Report,” ABS Energy Research, 2009.
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engine) with waste exhaust heat recovered and re-
used locally; and heat or steam generation with 
a steam turbine used to generate power as a by-
product of heat or steam generation.

In the first configuration, the high thermal output 
of exhaust gases from engines or small turbines 
(which can range from 800 °F to 1100 °F) can 
be used directly for many applications, includ-
ing production of steam or hot water, absorption 
cooling, space heating and a diverse set of indus-
trial applications (which account for 43 percent of 
global demand for heat).35

In the second configuration, the thermal energy 
from an existing operation is recycled through the 
production of steam for the production of power. 
Applications include coke ovens, glass furnaces, 
silicon production, refineries, pipeline compres-

sors, petrochemical processes and the burning 
of flared gas from blast furnaces, refineries, or 
chemical processes.

Microhydropower

Hydropower is the dominant source of renewable 
power generation in the world, accounting for 16 
percent of the world’s total electricity supply and 
87 percent of global renewable energy supply.36 
The majority of this power, in excess of 90 per-
cent, is generated from very large, gigawatt scale 
power plants, which are massive environmental, 
financial and technical undertakings. 

Small, distributed hydropower generation applica-
tion can take advantage of the availability of along 
rivers and canals; they have a relatively light envi-
ronmental footprint, are flexible in power output, 
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37  Alison M. Conner, James E. Francfort and Ben N. Rinehart, “U.S. Hydropower Resource Assessment Final Report,” (prepared for U.S. DOE) 
Idaho National Engineering and Environmental Laboratory, Renewable Energy Products Department, Lockheed Martin Idaho Technologies 
Company, December 1998. (http://hydropower.inel.gov/resourceassessment/pdfs/doeid-10430.pdf).

38  A.B.G. Thilak, “Global Small Hydro Power Market Analysis to 2020 –Installed Capacity, Generation, Investment Trends,” GlobalData. (http://
www.altenergymag.com/emagazine.php?art_id=1532). 

39  “Fuel Cell Industry is Poised for Major Change and Development in 2011,” Pike Research, February 2, 2011. (http://www.pikeresearch.
com/newsroom/fuel-cell-industry-is-poised-for-major-change-and-development-in-2011); “Global Fuel Cell Market by Technology, 
Application, Component, Installation, Cost, Geography, Trends and Forecasts (2011-2016),” marketsandmarkets.com, May 2011. (http://
www.marketsandmarkets.com/Market-Reports/fuel-cell-market-348.html).

can be used as energy storage, and are a reliable 
base-load generation resource. “Low-head” hy-
dropower, based on a low-head dam where the 
water drop is less than 65 feet, is emerging as a new 
alternative to high-head dams. “Run-of-the-river” 
systems harness moving water to produce energy 
without the need for large storage reservoirs.

Small hydro facilities may prove a viable option to 
take advantage of the vast underdeveloped hydro 
resources in the United States which represents up-
wards of 30,000 MW of new, untapped capacity.37 
Moreover, uprating or re-commissioning of existing 
facilities may also prove to be a feasible means by 
which to increase the installed hydropower base since 
an estimated 97 percent of 79,000 dams in the United 
States are currently not generating any power.38 

Fuel Cells

Fuel cells are electrochemical devices that con-
vert chemical energy from a fuel source to gener-
ate electricity by means of a chemical oxidation/
reduction reaction. The principle of the fuel cell 
was developed in the 1830s; however the first 
commercially viable applications were not avail-
able until over a century later for NASA’s Project 
Gemini in the early 1960’s. Fuel cells hold tre-
mendous promise as a power generation tech-
nology due to their fuel flexibility, their ability to 
scale across applications from stationary power 
generation to transportation to mobile applica-
tions such as laptop computers, their theoretically 
high efficiencies, and their simplicity in opera-
tion since they have no moving parts. As a result, 
the fuel cell industry has continued to garner  

interest from both government research interest 
and private capital alike. 

The end markets for fuel cell technologies include 
Uninterruptible Power Supplies (UPS), combined 
heat and power (CHP), auxiliary power units and 
portal power for military and remote monitoring 
applications. Early interest in these markets has 
resulted in a 10-fold increase in the fuel cell stacks 
sold from 2007 to 2010, bringing the global num-
ber of stacks shipped to 140,000 and over $750 
million in revenues in 2010.39 Approximately half 
of fuel cell shipments in 2010 were stationary 
power generation fuel cells, with the U.S. remain-
ing one of the top 4 markets, in addition to Ger-
many, Japan and South Korea. 

Storage

Energy storage technologies enable an offset in time 
between power generation and power consump-
tion. This ability to store energy has a profound im-
pact not only on the physical characteristics of the 
power grid, but also on the financial and investment 
strategies of power market participants. Inexpensive 
storage therefore has the potential to revolutionize 
the way that electricity grids are operated and dis-
patched. Although the impacts of storage and the 
large market need are well understood, very few 
storage installations are in actual operation in the 
United States, with those that are primarily limited 
to large scale pumped hydro installations and a lim-
ited number of grid-scale batteries. The viability and 
economic feasibility of grid-integrated systems re-
mains a topic of great interest, garnering hundreds 
of millions of dollars of public and private capital for 
investments in R&D and demonstration facilities. 

http://hydropower.inel.gov/resourceassessment/pdfs/doeid-10430.pdf
http://www.altenergymag.com/emagazine.php?art_id=1532
http://www.altenergymag.com/emagazine.php?art_id=1532
http://www.pikeresearch.com/newsroom/fuel-cell-industry-is-poised-for-major-change-and-development-in-2011
http://www.pikeresearch.com/newsroom/fuel-cell-industry-is-poised-for-major-change-and-development-in-2011
marketsandmarkets.com
http://www.marketsandmarkets.com/Market-Reports/fuel-cell-market-348.html
http://www.marketsandmarkets.com/Market-Reports/fuel-cell-market-348.html
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There are a variety of potential energy storage 
technologies either currently available or under 
development, each having a unique set of opera-
tional, performance, durability, capacity and cy-
cling characteristics. There are also a host of ap-
plications for energy storage each with their own 
operational, physical and cost requirements. Al-
though the advancement of storage technologies 
is likely to have a profound impact on the trans- 
portation sector (through use in electric vehicles), 
and consumer electronic applications, the scope 
of this discussion is limited to larger scale, power 
system deployments.

Storage technology costs and application values in 
power systems are typically classified by their dis-
charge capacity (MW) and energy storage capac-
ity (MWh), which define the amount of energy 
that can be stored and how quickly that power can 
be provided on demand. Using this classification, 
we can define the four broad categories of energy 
storage technologies based on their applications:

Power Quality and Uninterruptible Power Sup-
plies (UPS): These applications require ultra-fast 
response with short duration. Response time re-
quired is typically on the order of seconds or less, 
but discharge is limited to very short durations 
not exceeding several minutes. Flywheels and su-
per capacitors, which have short response times 
and limited storage capacity, are suitable for UPS 
applications. 

Fast Response: These are generally configured to 
deliver fast response and medium duration power 
output of between one and four hours. Fast re-
sponse storage technologies include lithium ion 
and lead acid batteries. A subset of this category 
is “networked storage” such as V2G applications 
that use plug-in electric vehicles as a grid storage 
mechanism. 

Bridging Power Applications: The applications, 
which include transmission and distribution  
support and temporary load shifting, require  
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Similar to battery technologies, a fuel cell stack 
comprises a negative anode and a positive cath-
ode sandwiched around an electrolyte. The pri-
mary difference between fuel cells and batter-
ies lies in the fuel cells ability to continuously 
produce power so long as there is a supply of 
fuel and oxygen present. Hydrogen is continu-
ously fed at the anode while oxygen is sup-
plied at the cathode. Given that pure hydrogen 
is not currently an abundant fuel source, high 
temperature fuel cells such Molten Carbonate 
and Solid Oxide fuel cells can internally reform 
light hydrocarbon fuels into H2 and CO in the 
anode. With the help of a catalyst, a chemical 
reaction takes place that generates an electron 
and a hydrogen ion. The electrolyte carries the 
positively charged ions while forcing negatively 
charged electron current to flow through a load, 
producing electricity. The electrolyte is the pri-
mary differentiator between fuel cells, and fuel 
cells are characterized by the type of electrolyte 
material. 

40 “The World Market for Microgrids,” SBI Energy report, February 2011.

medium response times typically on the order of 
several minutes but have energy storage capac-
ity of several hours. Flow battery technologies, 
Sodium Sulfur (NaS) batteries and next genera-
tion small-scale compressed air energy storage 
(CAES) can respond relatively quickly, but take 
some time to switch from charging to discharging 
modes.

Bulk Energy Management: These applications 
include large-scale CAES and pumped hydro-
power storage, have low response times, but can 
deliver large amounts of power across several 
hours, often providing 10 hours or more of ca-
pacity.

Though the technology holds great promise, the 
fuel cell industry remains unprofitable due to the 
high costs of commercialization of the product, 

high maintenance costs and rapid degradation 
of stack efficiencies with respect to the theoreti-
cal potential. As a result, fuel cells continue to be 
labeled as the generation technology of the future.

Microgrid

Generation technologies are central to discus-
sions around distributed energy systems. Howev-
er, controls, infrastructure and demand side man-
agement are also an integral part of the broader 
discussion. The term ‘microgrid,’ is used to refer 
to a smaller version of a main or central electri-
cal grid that much like its larger counterpart, 
consists of interconnected electrical loads and 
distributed energy generation resources that are 
typically controlled by a central control system. A 
microgrid may operate independently as its own 
self-contained entity, or may be interconnected 
with an adjoining central utility grid or neighbor-
ing microgrid. 

The concept of the microgrid is often associated 
with a power system in developing countries 
where the centrally managed grid is weak or in-
adequate. However, microgrid architectures are 
deployed in the United States including in vari-
ous communities such as university campuses, 
hospitals, industry and military. Fully 74 percent 
of the global microgrid market dollars were spent 
in North America in 2010.40

Although not a specific technology in itself, the 
notion of the microgrid is a system comprised 
of software, controls and hardware infrastruc-
ture including sensors, inverters, switches and 
converters. The microgrid and its primary com-
ponents form the platform that is necessary for 
the integration of distributed generation resourc-
es with the local loads consuming the energy. 
The benefits of such architectures lie in the fact 
that they can be locally operated and controlled  
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41  B.H. Puttengen, R.P. MacGregor, C.F. Lambert, “Distributed generation: Semantic hype to the dawn of a new era?” IEEE Power and Energy 
Magazine 1:1 (Jan/Feb 2003): 22-29. (http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1180357).

42 Ibid.
43  “The Potential Benefits of Distributed Generation and Rate-Related Issues That May Impede Their Expansion: A Study Persuant to Section 

1817 of the Energy Policy Act of 2005,” U.S. Department of Energy, February 2007, pp.1-7. (http://www.ferc.gov/legal/fed-sta/exp-study.pdf).
44 Larry Sherwood, “U.S. Solar Market Trends,” Interstate Renewable Energy Council (IREC), June 2011, p.6.

independent of a centrally managed utility. Such 
architecture enables distributed power systems, 
whether they operate on a stand-alone basis, or as 
an integrated component of a larger central grid.
 
1.4 Functional Risks of DPS Technology

Despite the policy support and cost declines in 
technology, DPS applications are constrained by 
several fundamental technical and functional 
factors. These factors give rise to risks associated 
with power quality, “dipatchability” and reliabil-
ity. Some of the most important technical risks of 
widespread DPS deployment and integration are 
listed below. 

Power Quality

Some DPS technologies rely on power electronic 
devices, such as AC-to-DC or DC-to-AC convert-
ers. If such devices are not correctly set up, the in-
tegration of DPS power can result in a harmonic 
distortion and in operational difficulties to loads 
connected to the same distribution systems.41

Reactive Power Coordination

With the proper system configuration and net-
work interface, DPS can bring relief to the power 
system by providing close proximity power sup-
port at the distribution level. However, some 
renewable generation sources such as wind 
can worsen the reactive coordination problem. 
Wind generators have asynchronous induction 
generators designed for variable speed charac-
teristics and, therefore, must rely on the network 
to which they are connected for reactive power 
support.42

Reliability and Reserve Margin

Intermittent power generation such as solar and 
wind is non-dispatchable. It is thus necessary to 
maintain sufficient generation reserve margins 
in order to provide reliable power generation. If 
there is a high level of distributed generation de-
ployment, reserve margin maintenance can be a 
problem.

1.5 DPS Deployment Trends

In spite of these technical barriers to DPS, in 
2007, there were an estimated 12 million distrib-
uted generation units installed across with Unit-
ed States, with a total capacity of more than 200 
GW.43 While distributed power systems include 
an array of technologies, the most notable areas 
of deployment have been in solar rooftop applica-
tions and CHP projects, with additional growth 
coming from other technologies such as fuel-cells 
and grid storage technologies.
 
Solar Rooftop Installations

The Interstate Renewable Energy Council (IREC) 
estimates that in 2010 between 40 MW and 60 
MW of off-grid solar power capacity was added 
across 50,000 sites, a 42 percent increase in the to-
tal number of sites from the year before.44 A num-
ber of recently announced projects underscore 
the growth in distributed PV installations. In 
June 2011, ProLogis, one of the country’s largest 
owners and operators of industrial real estate, in 
cooperation with NRG Energy and underwritten 
by Bank of America Merrill Lynch, announced 
that it was granted a loan guarantee from the 
Department of Energy for a 733MW distributed 

http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1180357
http://www.ferc.gov/legal/fed-sta/exp-study.pdf
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45  Andrew Herndon, “NRG Gets U.S. Guarantee for $2.6 Billion Rooftop Solar Plan,” Bloomberg, June 22, 2011. (http://www.bloomberg.com/
news/2011-06-22/u-s-offers-guarantee-for-2-6-billion-nrg-rooftop-solar-program.html).

46  “SolarCity to install on military homes, doubling residential solar,” Los Angeles Times, September 7, 2011. (http://latimesblogs.latimes.com/
money_co/2011/09/solarcity-to-install-solar-on-military-homes-doubling-residential-solar.html).

47  Anne Chittum and Nate Kauffman, “Challenges Facing Combined Heat and Power Today: A State-by-State Assessment,” American Council 
for an Energy-Efficient Economy Report No. IE111, May 2011, p.2. (Chittum and Kauffman, 2011.)

48  R. Neal Elliott and Mark Spurr, “Combined Heat and Power: Capturing Wasted Energy,” American Council for an Energy-Efficient Economy 
Research Report No. IE983, May 1, 1999.

49  R. Neal Elliott and Mark Spurr, “Combined Heat and Power: Capturing Wasted Energy,” American Council for an Energy-Efficient Economy 
Research Report No. IE983, May 1, 1999.

50 Chittum and Kauffman, 2011.
51  “Promoting biomass CHP projects in Northwestern U.S.,” Cogeneration & On-Site Power Production, January 3, 2011. (http://www.cospp.

com/articles/print/volume-12/issue-2/features/promoting-biomass-chp-projects-in-northwestern-us.html).

solar project. Known as “Project Amp,” it will be 
the largest distributed solar power project in the 
country. NRG Energy will provide the initial fi-
nancing while Bank of America may provide ad-
ditional financing. The electricity generated will 
be sold into the grid and will not be used to pow-
er on-site buildings. Southern California Edison 
agreed to purchase the power generated by the 
first phase of the project, which may eventually be 
extended to as many as 28 states and the District 
of Columbia.45

Also in June 2011, Google announced a $280 
million investment in SolarCity, a Silicon Valley 
start-up, to help cover SolarCity’s installation and 
maintenance costs. SolarCity’s major initiative is 
SolarStrong, a $1 billion initiative to install roof-
top solar panels on 160,000 private military resi-
dential and office buildings across 33 states. The 
project depended heavily on receiving a $344 mil-
lion loan guarantee from the Department of En-
ergy. At the time of writing, SolarCity was unable 
to meet the Energy Department’s loan guarantee 
timeline, thus it has had to reduce the scale of So-
larStrong by one-third.46 

Combined Heat and Power (CHP)

Combined heat and power has been another area 
of distributed energy growth. A century-old tech-
nology, CHP accounts for nine percent of U.S. 
electricity generation, most of which is natural 
gas fired.47 The major growth of CHP occurred 
after the enactment of PURPA in 1978, which 

prompted a 340 percent increase in installed CHP 
capacity from 1980 to 1993. Legislation passed 
by Congress in recent years—such as the Emer-
gency Economic Stabilization Act of 2008 and 
the American Recovery and Reinvestment Act 
of 2009 (ARRA)—includes incentives for CHP 
development that promise further growth for the 
sector.48 Examples of CHP incentive programs 
in these bills include a ten percent investment 
tax credit for CHP plants, and roughly $100 mil-
lion in grants for CHP and waste-heat recovery 
plants.49 Also, in March 2011, the Department of 
Energy, in partnership with eight regional organi-
zations, announced that it is looking to promote 
CHP projects in the U.S. Northwest, with the goal 
of increasing the efficiency of energy consump-
tion in a number of sectors, including forestry 
processing and paper and pulp milling.50 From 
2005 to 2010, a total of 571 new CHP sites were 
added, amounting to a total electric capacity ad-
dition of 1,737.7 MW.

Due to differences in policies, incentives and avail-
able natural resources at the state level, the growth 
of CHP has varied from state-to-state. Nearly half 
of all new CHP sites built between 2005 to 2010 
were in California or New York. Texas, California 
and Connecticut accounted for nearly 40 percent 
of all new installed CHP capacity built during the 
same time period.51 State-level support looks to 
continue: in September 2011, California’s Self-
Generation Incentive Program (SGIP), a state-
level program to promote distributed generation 
technologies, announced that natural gas fired 

http://www.bloomberg.com/news/2011-06-22/u-s-offers-guarantee-for-2-6-billion-nrg-rooftop-solar-program.html
http://www.bloomberg.com/news/2011-06-22/u-s-offers-guarantee-for-2-6-billion-nrg-rooftop-solar-program.html
http://latimesblogs.latimes.com/money_co/2011/09/solarcity-to-install-solar-on-military-homes-doubling-residential-solar.html
http://latimesblogs.latimes.com/money_co/2011/09/solarcity-to-install-solar-on-military-homes-doubling-residential-solar.html
http://www.cospp.com/articles/print/volume-12/issue-2/features/promoting-biomass-chp-projects-in-northwestern-us.html
http://www.cospp.com/articles/print/volume-12/issue-2/features/promoting-biomass-chp-projects-in-northwestern-us.html
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52  “Microturbines Eligible for California’s Self Generation Incentive Program (SGIP),” The Wall Street Journal MarketWatch, September 20, 
2011. (http://www.marketwatch.com/story/microturbines-eligible-for-californias-self-generation-incentive-program-sgip-2011-09-20).

53  “Nellis activates nation’s largest PV array,” U.S. Air Force Nellis Air Force Base, December 19, 2007. (http://www.nellis.af.mil/news/story.
asp?id=123079933).

54 “Information on the Navy’s Geothermal Program,” GAO-04-513, United States Government Accountability Office, June 2004.
55  “GE to Transform U.S. Military Base into Smart Grid Showcase,” GE Press Release, July 8, 2009. (http://www.ge-ip.com/news-events/

detail/2592).
56  Cheryl Pellerin, “DOD Gives High Priority to Saving Energy,” American Forces Press Service, United States Department of Defense, 

September 29, 2011. (http://www.defense.gov/news/newsarticle.aspx?id=65480).

micro-turbines used in CHP projects are eligible 
for SGIP assistance.52 

Fuel Cells and Other Battery DPS Installations
 
Fuel cells are also gaining public interest as a sig-
nificant driver of future DPS growth. Bloom En-
ergy, a California-based company, has sold a num-
ber of its Bloom Energy Servers (or “Bloom Boxes” 
as they are known), to multinational corporations, 
including Google, Adobe, Bank of America, the 
Coca-Cola Company, FedEx and Wal-Mart. 

Another technology that is emerging as a poten-
tially significant contributor to DPS penetration 
is grid storage. The Long Island Power Authority 
is currently considering a proposal from AES En-
ergy Storage for a 400 MW battery-storage facility 
in lieu of traditional electricity generation sourc-
es. While the proposal is still at an early stage, 
AES already has an 8 MW lithium-ion battery 
system in operation in Johnson City, New York, 
and a 12 MW battery operation at its Los Andes 
site in Northern Chile, and is constructing a 32 
MW facility to supplement the generation of the 
Laurel Mountain Wind Farm in Bellington, West 
Virginia. 

Xcel Energy, a utility that provides electricity and 
natural gas services to states in the Midwest and 
West, is testing a 1 MW battery to store wind-
generated electricity. The project, which consists 
of twenty 50 kW modules, will look to sell some 
of the stored electricity into the grid. The utility is 
also exploring the possibility of applying the same 
sodium-sulfur battery technology to storage of 
solar power. Other storage technology companies 

include A123, Beacon Power, Ice Energy Storage, 
Primus Power and Xtreme Power. 

Defense and Security DPS Applications

The U.S. Department of Defense is emerging as 
one of the major beneficiaries and users of DPS. 
DOD, whose energy consumption is roughly that 
of the state of Oregon, has recently signaled an 
increased interest in DPS, highlighted by the de-
velopment of SolarCity’s SolarStrong project. The 
military sees DPS as a way to diversify its electric-
ity mix and bolster the security of its electricity 
infrastructure. Since 2007, the Nellis Air Force 
Base in Nevada has been powered by the country’s 
largest PV array of more than 72,000 solar pan-
els.53 Ten years before that, the Navy built a 270 
MW geothermal power plant to power the Chi-
na Lake Naval Air Weapons Station in southern 
California.54 Recently, microgrids have received 
a lot of interest from DOD and, with assistance 
from corporations such as General Electric and 
Lockheed Martin, the department is implement-
ing microgrids across its bases. In July 2009, GE 
announced that it was awarded $2 million in Fed-
eral stimulus funding from DOD to implement 
a smart microgrid demonstration project at the 
Twentynine Palms Base in California, the world’s 
largest Marine Corps Base.55 According to Doro-
thy Robyn, Deputy Undersecretary of Defense for 
Installations and Environment, microgrids “allow 
us to operate more efficiently…in a normal mode 
but [also to] facilitate the incorporation of solar, 
wind, [and] other forms of renewable energy…
And most important, if the grid goes down it will 
allow us to prioritize and continue to operate ac-
tivities that are most critical.”56

http://www.marketwatch.com/story/microturbines-eligible-for-californias-self-generation-incentive-program-sgip-2011-09-20
http://www.nellis.af.mil/news/story.asp?id=123079933
http://www.nellis.af.mil/news/story.asp?id=123079933
http://www.ge-ip.com/news-events/detail/2592
http://www.ge-ip.com/news-events/detail/2592
http://www.defense.gov/news/newsarticle.aspx?id=65480
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57  The notable exception for the last 30 or 40 years has been larger scale distributed combined heat and power (CHP) which provides higher 
efficiency than central station generation and is a mainstay of large industrial facilities particularly in oil and gas.  

2.1 Costs and Benefits of Distributed 
Generation

In this chapter we review the best currently avail-
able information on the costs of small distributed 
generation and compare it to the costs of generat-
ing and delivering power with the current sentral-
station system. The comparison relies on standard 
utility practice for comparing resource costs. The 
results reflect the answers State Commissions and 
utility analysts are likely to produce, and the analy-
sis is useful as a current benchmark. Consistent 
with typical industry practice, the costs and benefits 
include only “monetizeable” values. Those costs and 
benefits that are hard to quantify such as health ef-
fects, decreased environmental impacts and secu-
rity benefits are discussed in subsequent chapters. 

The costs of distributed generation are expressed 
as the Levelized Cost of Energy (LCOE) which 
includes capital costs, fuel, maintenance, financ-
ing and all other distributed generation costs. The 
costs are then compared to the “benefits” of hav-
ing installed distributed generation. We compute 
“benefits” as “avoided costs”: those costs the elec-
tric utility would spend generating and delivering 
the same electricity in the absence of the distrib-
uted generator. This is a “Total Resource Cost”  

comparison to determine whether central gen-
eration or distributed generation costs less overall 
and is not the same comparison a factory owner 
might make which relies on the utility retail rate. 

The result is that while the gap between DPS 
and central station generation is shrinking, dis-
tributed power generation is still not cost com-
petitive in most cases.57 Recent large gains in the 
cost-competitiveness of solar photovoltaics (PV) 
in part driven by a massive investment in Ger-
many and other European countries, has gener-
ated excitement predominantly in California, but 
also on both the West and East coasts where the 
avoided costs are generally higher. Fuel cells and 
microturbines have made significant technologi-
cal progress as well and provide promise for cap-
turing smaller-scale combined heat and power 
applications. 

All of these technologies have growing markets, 
particularly since they all have retail applications 
aided by rules such as Net Energy Metering (NEM) 
available in many states that allow utility custom-
ers to “run the meter backwards,” incentive pro-
grams such as the California Solar Initiative (CSI) 
and other subsidies such as federal investment tax 
credits. As markets grow, costs are likely to decline 
further. However, it remains a question whether 
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58  E3’s levelized cost analysis is fully documented and publicly available. The analysis can be verified and updated using E3’s Distributed Energy 
Costing Model available at www.ethree.com.

59  “SGIP Staff Proposal and Workshops,” California Public Utilities Commission, Last modified: February 15, 2011. (http://www.cpuc.
ca.gov/PUC/energy/DistGen/sgip/proposal_workshops.htm); “California Solar Initiative Cost-Effectiveness Evaluation,” E3 (Prepared for 
the California Public Utilities Commission), April 2011. (http://ethree.com/documents/CSI/CSI percent20Report_Complete_E3_Final.
pdf);  “Tools & Spreadsheets,” California Public Utilities Commission, Last modified: June 17, 2011. (http://www.cpuc.ca.gov/PUC/energy/
Procurement/LTPP/LTPP2010/2010+LTPP+Tools+and+Spreadsheets.htm).

60  “LTPP Solar PV Performance and Cost Estimates: Potential and Levelized Cost of Energy (LCOE),” E3, June 18, 2010. (http://www.ethree.
com/documents/LTPP/LTPP percent20Presentation.pdf)

or when DPS will close the gap completely. The 
industry will have to maintain steady declines in 
costs before it is competitive with the costs of cen-
tral generation.

Cost of Distributed Generation – Levelized Cost of 
Energy 

Levelized cost of energy (LCOE) is a commonly-
used metric that compares the cost per unit of 
energy (MWh) across different technology types. 
This metric translates upfront capital costs, ongo-
ing expenditures, taxes and resource performance 
factors into a levelized, lifecycle energy cost that 
takes into account changes in costs and produc-
tion over time. Formulaically, the LCOE refers to 
the present value of the lifecycle costs of a project 
divided by the present value of its lifecycle energy 
production. 

 It is important to define a comparative cost met-
ric such as LCOE in a rigorous way in order to 
avoid unintentionally introducing bias into the 
technology-specific results. For example, a model 
that fails to account for financing realities such as 
a minimum debt service coverage ratio (DSCR) 
required by lenders may unduly favor capital-
intensive technologies. Therefore, the LCOE 
model used incorporates a minimum DSCR and 
many other factors in order to provide a realis-
tic unbiased comparison across technologies. The  

levelized cost analysis used for this analysis is ful-
ly documented and publicly available.58 

For the present analysis, capital and operating 
costs, capacity factors and tax treatment for all of 
the distributed technologies (with the exception 
of PV) were taken from the best available public 
sources.59 All of the input assumptions and results 
by cost component for each scenario are provided 
in Annex 1. An ITRON SGIP study provides a 
robust review of distributed generation technol-
ogy, cost and performance. For the PV technolo-
gies, we use capital and operating costs, capacity 
factors and tax treatment equivalent to the recent 
data published in the California Solar Initiative 
Cost-Effectiveness Report (for smaller projects) 
and E3’s 33 percent Renewable Costing Analysis 
completed for the Long Term Procurement Plan.
 
The financing assumptions are provided in Table 
2. The assumptions were validated with debt and 
equity providers and vetted through public stake-
holder proceedings at the California Public Util-
ity Commission.60 The LCOE model applies the 
same Weighted Average Cost of Capital (WACC) 
and cost of debt across all technologies. The mod-
el then solves for the minimum equity required to 
maintain a DSCR of 1.40. The model also assumes 
that the project developer can take full advantage 
of all available state and federal tax incentives 
and depreciation. In this way, the model finds the 
most favorable project-finance structure for each 
technology, thus providing an equal comparison 
basis. 

lCOE = 
Pv (lifecycle Costs)

Pv (mwh Energy Production)

http://www.ethree.com
http://www.cpuc.ca.gov/PUC/energy/DistGen/sgip/proposal_workshops.htm
http://www.cpuc.ca.gov/PUC/energy/DistGen/sgip/proposal_workshops.htm
http://ethree.com/documents/CSI/CSI%20Report_Complete_E3_Final.pdf
http://ethree.com/documents/CSI/CSI%20Report_Complete_E3_Final.pdf
http://www.cpuc.ca.gov/PUC/energy/Procurement/LTPP/LTPP2010/2010+LTPP+Tools+and+Spreadsheets.htm
http://www.cpuc.ca.gov/PUC/energy/Procurement/LTPP/LTPP2010/2010+LTPP+Tools+and+Spreadsheets.htm
http://www.ethree.com/documents/LTPP/LTPP%20Presentation.pdf
http://www.ethree.com/documents/LTPP/LTPP%20Presentation.pdf
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61  The costs of central station generation are based on E3’s work for the Western Electricity Coordinating Council. The spreadsheet and 
assumptions are available at www.wecc.biz in the TEPPC Committee area under Documents, and “E3 Costing Tool.”  The low values for 
transmission and distribution capacity value are zero, and the high values are $40/kW-year and $100/kW-year respectively and converted 
to $/MWh assuming a 50 percent distributed generation capacity factor. Natural gas is the relevant comparison for much of the West and 
Northeast, and coal fired steam turbines which reflect the predominant generation type in the Midwest, South, and Southeast.

Table 2: lcoe financing assumPTions

INPUT Assumption

Percent Financed with Equity See note *

After-Tax WACC 8.25 percent

Debt Interest Rate 7.50 percent

Cost of Equity Function of WACC, 
interest rate,  percent 
equity

Target Minimum DSCR 1.40

Debt Period in Years 18

Federal Tax Rate 35 percent

State Tax Rate 6.6 percent

Tax Credit Rate 30 percent
* The model minimizes the  percent equity constrained to a target 
average DSCR of 1.40

Benefits of Distributed Generation—Avoided Costs

Quantified benefits include all of the costs that 
would have been incurred by the utility without 
the distributed generation in place. That is, the 
cost of generating and delivering the electricity to 
the customer with the conventional system. These 
quantified benefits are also known as “avoided 
costs” and include generation costs (energy and 
capacity), avoided or deferred transmission and 
distribution capacity investments and ancillary 
services such as reserves and regulation.

The avoided costs of a distributed generator are 
area- and time-specific. That is, they can vary sig-
nificantly according to where the distributed gen-
eration is located, the shape of its output profile 
and its reliability. In general, there are two cate-
gories of avoided costs; energy and capacity. En-
ergy includes the avoided fuel and maintenance 
in the central generator as well as losses over the 

transmission and distribution lines to deliver the 
power. Capacity includes any avoided infrastruc-
ture investment such as additional power plants 
and transmission and distribution lines. In par-
ticular, the capacity avoided costs are sensitive to 
the output profile and reliability of the distributed 
generation on the system. Since the utility system 
is sized so that it can serve peak load reliably, if 
utility planners do not see a peak load reduction, 
or cannot count on a peak reduction because the 
distributed generation is unreliable, then they will 
continue to make infrastructure investments and 
capacity savings will be zero.

Figure 7 compares a range of avoided costs for 
coal and natural gas regions in the United States 
showing a low value of approximately $25/MWh 
representing only energy, and a high value of 
$120/MWh representing avoided energy plus 
avoided new coal power plant, transmission and 
distribution infrastructure as well.61 The distrib-
uted generation benefits would be at least $25/
MWh almost regardless of when it operated and 
where it was located. To capture the capacity val-
ue it would have to be operating during the peak, 
and to capture the transmission and distribution 
capacity value the distributed generation would 
have to be located in a constrained portion of the 
utility grid and avoid upgrades. 

The low end of the avoided cost spectrum in each 
region represents the base energy value with little 
or no additional T&D or capacity components. 
Such a value may be appropriate for resources 
which are non-coincident with peak load, such 
as wind energy which is often producing power 
during evening hours. The higher value is based 
on avoidance of significant T&D investment and 
capital and fixed costs associated with the need 

http://www.wecc.biz
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figure 7: aVoided cosT comParison

to build new plants. Thus, when comparing the 
distributed resource to the avoided cost, it is criti-
cal to ask whether or not the resource can provide 
peak power, as a significant amount of the avoid-
ed cost may come from avoided transmission and 
distribution capacity and peak generation capac-
ity. This means that to achieve maximum avoided 
cost value, the distributed system must be located 
close to load at a congested node which would 
otherwise require a transmission or distribution 
upgrade. For the natural gas region, the energy 
value is shown assuming a low natural gas price 
of $4/MMBtu reflecting continued low gas pric-
es perhaps from shale gas, and a higher price of 
$7.50/MMBtu which reflects higher prices and 
restricted or limited impact from shale gas.

2.2 Results of Cost / Benefit Comparison 

Figure 8 shows the comparison of the LCOE of 
a range of distributed generation technologies to 
the regional coal and natural gas avoided costs. 

The minimum avoided cost is about $25/MWh in 
coal regions which is representative of the energy 
cost of coal. For the natural gas region, the mini-
mum is about $40/MWh reflecting low natural 
gas price. The high end of the avoided cost spec-
trum is similar based on displacement of either 
natural gas or coal-fired generation and includes 
capital and fixed costs for new power plant con-
struction as well as higher avoided transmission 
and distribution capacity costs and a higher gas 
price. To achieve this level of benefit, a generator 
would need to produce energy during peak hours 
in a location with planned distribution and trans-
mission capacity investments and be located in an 
area without excess generation capacity.

The distributed resources which are competitive 
with the high end of the current avoided cost of 
the centralized coal and gas generation are gas 
turbines and IC engines with CHP. Both large 
and community-scale wind applications are also 
competitive with the higher range of central sta-

7.50/MMBtu
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62  The capital costs, capacity factors, heat rates, operation and maintenance costs, financing and taxes were taken from ITRON’s recent report 
on natural gas fueled distributed generation and wind projects. The assumptions for PVsystems were taken from the CSI Cost-Effectiveness 
Report and the CPUC procurement analysis.

figure 8: e3 analysis of economics of dg comPared To aVoided cosT range
62

tion generation; however, these applications are 
difficult to locate in areas where they are able to 
provide high capacity and grid support value.  
Among solar projects, large applications (5-
20MW) are also close to cost competitiveness.  
At the low-end of the coal avoided cost spectrum 
(based on use of existing coal plants and low T&D 
avoided costs) none of the technologies are as of 
yet cost-effective.

Fossil fuel fired generators that can capture waste 
heat to provide hot water and steam remain the 
cost-effective options to expand distributed re-
source penetration as they have since the 1970s. 
This is not the utopian vision of the new distribut-
ed resource system that many envisage. Fossil-fu-
el based resources have environmental attributes 
which are particularly troublesome near heavily 
populated load centers, where avoided power is 
generally most valuable. What is new—and a de-
velopment that may reflect a paradigm shift in the 

next decade if cost trends continue—is that solar 
PV is near the top end of the range. Since solar is 
very modular and can be effectively constructed 
from very small to large sizes it can be targeted to 
capture the high value locations. The California 
Public Utilities Commission (PUC) has proposed 
a program that would offer a feed-in tariff (FIT) 
to target small renewable generators like photo-
voltaics in the parts of the grid where they capture 
most of the value.
 
Cost of Carbon

The benefits and costs in Figure 8 do not include 
the costs of carbon. There is no consensus opin-
ion on when or how carbon dioxide emissions 
will begin to be priced in the United States in the 
future. However, a comprehensive cap-and-trade 
bill has been debated in Congress and the EPA 
does have regulatory authority over CO2 emis-
sions. In this section we assess whether a price on 
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carbon can fundamentally change the distributed 
generation equation.

Figure 9 shows the same comparison of costs and 
benefits if the costs of CO2 are “moderate.” That is, 
near the levels projected from prior cap and trade 
legislation at roughly $30/ton CO2.

Relative to Figure 8, the avoided costs in Figure 
9 are higher, reflecting the addition of a carbon 
price to the generation cost. The avoided costs of 
coal increase by more than those of gas, reflecting 
the greater carbon emissions of coal per unit of 
power produced.

Fossil-fuel burning distributed generation also 
increases in cost when carbon is priced. The gas-

fired DPS technologies in Figure 9 show a higher 
price range than in Figure 8. Clean renewable 
technologies, however, do not increase in cost and 
thus become more cost-effective relative to utility 
avoided costs.

However, even with carbon price included, the 
fundamental picture of DPS economics is un-
changed. Fossil-fueled distributed generation 
with combined heat and power applications can 
be cost-effective; solar and wind become more 
competitive. The major change with even a ‘mod-
erate’ carbon price is a shift in utility generation 
from coal to natural gas. For DPS, even with in-
clusion of carbon costs, costs will need to fall fur-
ther before they are cost-effective as an alternative 
to central station generation in most applications.
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CHAPTER 3

63 “ENERGY STAR Data Center Energy Efficiency Initiatives.” (http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency). 
64  “Keeping the Lights On in a New World,” Electricity Advisory Committee Report to U.S. Department of Energy, January 2009. (http://energy.

gov/sites/prod/files/oeprod/DocumentsandMedia/adequacy_report_01-09-09.pdf).
65 Adapted from: “Electrical Reliability,” Powervar: Solutions for Power Quality. (http://www.powervar.com/electrical-reliability.cfm). 

The economic analysis in Chapter 2 assessed 
the costs and benefits of DPS relative to cen-
tralized generation using a standard cost-

comparison model based on quantifiable inputs. 
This chapter attempts to assess one of the non-
quantified aspect of DPS: its value to energy secu-
rity. For the purposes of this paper, energy secu-
rity is divided into two categories: 

•	 The security of the civilian grid with re-
spect to intentional or unintentional dis-
ruption; and 

•	 The provision of energy to the U.S. mili-
tary, both at domestic facilities and in 
front-line deployments.

3.1 Energy Security and the Civilian Grid

Security and reliability of supply

The U.S. economy is increasingly dependent on 
reliable electricity. The rapid computerization of 
many industry sectors such as health care, bank-
ing and commerce has resulted in an enormous 
increase in the need for reliable power. Between 
2006 and 2011, the power consumption of all 

computer servers is estimated to increase from 
61 billion kWh to 100 billion kWh.63 Such an 
increase has added to the pressures on already 
stressed transmission infrastructure.64

 
Electricity delivery is reliable only when supply 
perfectly matches demand. A perfectly reliable 
system would therefore be operating 8760 hours 
a year, 24 hours a day, 365 days a year. Power-sys-
tem reliability is measured in levels of “9”s. Table 
3 illustrates the length of outages associated with 
different levels of reliability.65 

Table 3: grid reliabiliTy and ouTage duraTion

Reliability Outage Duration 
99 percent 876 hours

99.9 percent 87.66 hours

99.99 percent 8.766 hours

99.999 percent 5.25 minutes

99.9999 percent 30 seconds

99.99999 percent 3 seconds

According to the Galvin Electricity Initiative, the 
U.S. power sector is designed to run at a reliability of 

http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/adequacy_report_01-09-09.pdf
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/adequacy_report_01-09-09.pdf
http://www.powervar.com/electrical-reliability.cfm
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66  Galvin Electricity Initiative. “The Electric Power System is Unreliable” (http://www.galvinpower.org/resources/library/fact-sheets-faqs/
electric-power-system-unreliable). 

67  K. Hamachi-La Commare and E. Joseph Eto, “Understanding the Cost of Power Interruptions to the U.S. Electricity Consumers,” September 
2004.

68  However, given the significantly higher number of commercial sector customers (14.9 million) compared to industrial customers (1.6 
million), the industrial sector’s cost per outage per customer is significantly higher than those of the commercial customers.

69  Timothy J. Brennan, “Electricity Markets and Energy Security: Friends or Foes?” Resources Fall/Winter 2008. (http://www.rff.org/
Publications/Resources/Pages/ElectricityMarkets.aspx).

70 Ibid.
71 Edison Electric Institute, Underground vs. Overhead Distribution Wires: Issues to Consider, May 2000.
72  Alexander E. Farrell, Lester B. Lave and Granger Morgan, “Bolstering the Security of the Electric Power System,” Issues in Science and 

Technology Spring 2002. (http://www.issues.org/18.3/farrell.html).

Reliability Metrics

Electric power system reliability is measured 
both on a local and regional basis. Local distri-
bution system reliability performance typically 
is measured using industry accepted statistics 
that measure the frequency and duration of 
sustained interruptions to electricity consum-
ers. These are referred to as System Average 
Interruption Frequency Index (SAIFI) and 
System Average Interruption Duration Index 
(SAIDI), respectively. 

On a regional basis, reliability is measured by the 
loss-of-load probability (LOLP) metric. LOLP 
is a function of the generation and peak load, 
however, it does not include any failures in the 
T&D systems. Loss-of-load probability charac-
terizes the adequacy of generation to serve the 
load on the system. It does not model the reli-
ability of the transmission and distribution sys-
tem where most outages occur. Although based 
upon a probabilistic analysis of the generating 
resources and the peak loads, the LOLP is not 
really a probability. Rather, it is an expected val-
ue calculated on either an hourly or daily basis. 
A typical LOLP is “one day in ten years” or “0.1 
days in a year.” This is often misinterpreted as 
a probability of 0.1 that there will be an outage 
in a given year. Loss-of-load probability char-
acterizes the adequacy of generation to serve 
the load on the system. It does not model the 
reliability of the transmission and distribution 
system where most outages occur.

“three nines”—i.e. 99.9  percent, far lower than the 
Japanese grid with its “five nines” reliability.66 Costs 
of disruption to the power system are estimated to 
be as high as $80 billion annually.67 Of this, 73 per-
cent, or $53 billion, is from losses in the commercial 
sector and 25 percent, or $20 billion, in the industri-
al sector.68 The estimate for residential losses is $1.5 
billion, or only about 2 percent of the total. 

There are two main causes for system outages:
 

1. Capacity Deficiencies
2. Faults and Failures

Capacity deficiencies are interruptions deliber-
ately deployed when demand exceeds supply and 
refer to (i) inadequate supply of power to meet 
market demand, (ii) an inadequate contingent 
supply of electricity for an unexpected event.69

 
Faults and failures refer to events over which 
utilities have little or no control. Faults are short 
circuits in the transmission or distribution sys-
tems that are caused by an external event, such as 
contact with trees or animals, or lightning strikes. 
Failures refer to outages due to human error or 
equipment malfunction, usually in high-voltage 
bushings, transformer windings or lighting arres-
tors.70 Around 94 percent of all outages occur due 
to faults and failures most of which happen in the 
distribution system.71 Outages are short, but have 
a widespread impact.72 

The burdens on the centralized power system are 
compounded by requirements to integrate large-

http://www.galvinpower.org/resources/library/fact-sheets-faqs/electric-power-system-unreliable
http://www.galvinpower.org/resources/library/fact-sheets-faqs/electric-power-system-unreliable
http://www.rff.org/Publications/Resources/Pages/ElectricityMarkets.aspx
http://www.rff.org/Publications/Resources/Pages/ElectricityMarkets.aspx
http://www.issues.org/18.3/farrell.html
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73  “A Survey of Transmission Cost Allocation Issues, Methods and Practices,” PJM, March 10, 2010. (http://ftp.pjm.com/~/media/documents/
reports/20100310-transmission-allocation-cost-web.ashx).

74  The Transmission Control Protocol (TCP) provides reliable, ordered delivery of a stream of bytes from a program on one computer 
to another program on another computer, and, together with the Internet Protocol, makes an entire suite. World Wide Web, remote 
administration, file transfer and email all reply on the TCP.

75  John DiStasio, Statement to the House Subcommittee on Energy and Environment, Protecting the Electric Grid: H.R. 2165, the Bulk Power 
System Protection Act of 2009, and H.R. 2195, October 27, 2009.

76  Franklin D. Kramer, Stuart H. Starr and Larry Wentz, Cyberpower and National Security (Washington, DC: National Defense University 
Press, 2009).

scale sources of renewable generation often located 
far from demand centers: 29 states have so far enact-
ed renewable portfolio standards (RPS) that require 
utilities to generate a minimum amount of their 
output using renewable sources. In order to connect 
with the (mostly urban) load centers, this renew-
able generation capacity will require the construc-
tion of new transmission lines. Cost projections for 
the necessary level of transmission construction 
range between $60 and $100 billion over the next 
10 years.73 In a straitened economic climate, such 
sums are unlikely to be made available by the public 
sector. The result is likely to be more pressure on an 
already overburdened grid infrastructure, with det-
rimental consequences for reliability. Without com-
mercially available energy storage or other technical 
solutions, this high influx of intermittent resources 
is also likely to present reliability challenges.

Security and the Smart Grid 

The smart grid is a concept that aims to com-
bine the benefits of information technology with 
new and existing energy generation and storage 
technologies to deliver a more efficient, flexible 
power infrastructure. As envisioned by the De-
partment of Energy (DOE) in the 2007 Energy 
Security and Independence Act, the smart grid 
will enable the “dynamic optimization of grid 
operations” through the integration of “smart” 
meters and consumer appliances that are able to 
automate power consumption, as well as the de-
velopment of two-way communication between 
energy providers and end users. In DOE’s view, 
the implementation of the smart grid also in-
cludes increased penetration of DPS. Certain el-
ements of the smart grid are intended to improve 

the security of the current power infrastructure. 
Through the receipt of real-time data from smart 
meters and other sensors on the system, utilities 
will be able to identify the location of an outage 
more easily and, therefore, restore service more 
quickly than with the current system. Utilities 
will also be able to monitor real-time electricity 
consumption, giving them the ability to better 
manage the system in periods of high demand. 

However, the introduction of digital controls into 
the electric grid also comes with the potential for 
two new kinds of security threat. First, by rely-
ing on a complex set of computerized controls for 
the management of the electric system, the smart 
grid exposes generation, transmission and distri-
bution assets to a range of prospective failures or 
malfunctions at those control points. 

Second, by providing online access to vital in-
frastructure controls, the smart grid is likely 
to open a new avenue of possible attack to pro-
spective saboteurs. Cybersecurity is a serious 
and growing global challenge and the smart grid 
applications have been identified by many as 
providing “new vectors for attack.”75 This chal-
lenge is increased by the increasing commoditi-
zation of the hardware and software used in the 
control and management of the power system. 
According to the National Defense University, 
the Supervisory Control and Data Acquisition 
(SCADA) systems used for the control and dis-
tribution of electric power, water, pipelines, 
nuclear power-plants are increasingly being  
managed by Internet-based technologies74 and 
commercial-off the shelf switches, routers and 
operating systems.75 

http://ftp.pjm.com/~/media/documents/reports/20100310-transmission-allocation-cost-web.ashx
http://ftp.pjm.com/~/media/documents/reports/20100310-transmission-allocation-cost-web.ashx
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77 Robert Lemos, “’Data storm’ blamed for nuclear-plant shutdown,” SecurityFocus, May 18, 2007. (http://www.securityfocus.com/news/11465).
78  “From Barracks to Battlefield: Clean Energy Innovation and America’s Armed Forces,” The Pew Project on National Security, Energy and 

Climate, September 21, 2011. (http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-
and-americas-armed-forces-85899364060) 

Analysis of outages due to computer failure shows 
that disruptions from unintended actions have 
been more common than intentional attacks to 
date. A nuclear power plant was shut down in 
Georgia in 2008 for 48 hours due to a mistake in 
controlling software systems: an inconsistency in 
software design that was uploaded to a computer 
resulted in safety systems registering this glitch as 
a lack of data, which usually happens when there 
is a drop in water reservoirs that cool the fuel 
rods. Though unintentional, this shut-down of 
the power plant cost the utility about a $1 million 
a day for purchasing additional fuels on the spot 
market. Another example of a shut-down due to 
a cyber event occurred at Browns Ferry nuclear 
power plant in Alabama in 2006, after two recir-
culation pumps failed due to a flood of computer 
data traffic known as a “data storm.”77 While cyber 
attacks on the power system have not caused such 
major outages in the United States to date, the po-
tential for large-scale disruption has been high-
lighted by demonstrations such as Idaho National 
Lab’s 2007 Aurora Generator Test, in which physi-
cal damage was caused to a generator through ex-
ploitation of safety flaw in a SCADA system.

The Security Potential for DPS

DPS have the potential to increase the security of 
the civilian grid in two main ways: through re-
lieving pressure constraints on the existing trans-
mission and distribution system, thereby decreas-
ing the chances of a reliability disruption; and 
through diversifying the sources of generation, 
making the power system less vulnerable to an at-
tack or a failure at points in the centralized grid. 
The avoided costs of greater reliability disruptions 
due to system constraints and system outages re-
sulting from an attack are difficult to quantify. The 

ability of DPS to mitigate these costs also needs 
to be weighed against the extent to which distrib-
uted applications increase system vulnerability by 
replacing base-load generation capacity with a 
diffuse array of small scale sources; and by open-
ing up more potential points of attack into the 
grid. Given the likelihood of unprecedented pres-
sures on the power system, and the emergence 
of the smart grid with all its attendant costs and 
benefits, the extent to which DPS can mitigate se-
curity vulnerability to the civilian grid should be 
added into an assessment of their value.
 
3.2 Energy Security in the U.S. Military

The U.S. military has substantial concerns about 
the security and reliability of the current cen-
tralized energy system. These concerns manifest 
themselves in two ways: the first relates to the se-
curity of military installations on the grid and the 
ability of those installations to effectively island 
themselves from the grid when necessary; the 
second relates to expeditionary energy—or the 
ability of the military to use various distributed 
energy technology at forward operating bases or 
other locations within the combat theater.

Motivated by soaring fuel and electricity costs, the 
U.S. Department of Defense (DOD) has increas-
ingly recognized the importance of energy securi-
ty to its strategy, as seen by the increase to DOD’s 
budget on energy security issues from $400 mil-
lion to $1.2 billion over the past five years.78 

Military Installations

The DOD has a substantial portfolio of real estate, 
including more than 500,000 buildings totaling 
nearly 2.2 billion sq. feet, approximately 3 times the 

http://www.securityfocus.com/news/11465
http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-and-americas-armed-forces-85899364060
http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-and-americas-armed-forces-85899364060
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total square footage occupied by the world’s Wal-
Marts.79 Once seen simply as staging areas, bases 
have now become increasingly mission-critical, 
as was demonstrated during Hurricane Katrina, 
in which much of the relief effort was carried out 
from military bases. The Department of Homeland 
Security has also developed plans to have military 
bases be a key point of response in the event of a 
major terrorist incident. Given their new roles, the 
supply of uninterruptable, secure power to these 
facilities is now a necessity.80 In the view of the mil-
itary, the assurance of such supply is not possible 
through sole reliance on the civilian power grid. 
As a 2008 DOD report noted: “Critical national 
security and Homeland defense missions are at an 
unacceptably high risk of extended outage from 
failure of the grid.”81 The report recommended that 
the military “reduce the risk to critical missions at 
fixed installations from loss of commercial power 
and other critical national infrastructure.” 

Military concerns over power disruption extend 
beyond bases themselves. The prospect of an ex-
tended outage to defense production equipment 
suppliers—either through unintentional disruption 
or through cyber-attacks such as that in September 
2011 on Mitsubishi, the Japanese government’s larg-
est arms supplier—present an additional serious and 
credible threat. Iran famously was set back for sev-
eral years by the Stuxnet worm, which badly crip-
pled Iran’s nuclear capability.82 According to senior 
military officials interviewed for this study, there are 
concerns that a similar attack in the United States 
could cripple Untied States military capabilities. 

Combat Theater

The U.S. military consumes 360,000 barrels of oil 
per day, almost as much as Pakistan and Thailand 
and slightly more than the Philippines.83 While 
more than 80 percent of that consumption is for 
jet fuel, a substantial portion is also used for elec-
tricity in portable generators, making the military 
one of the few primary users of oil for the elec-
tric grid. The current costs of that fuel are high; 
they are also difficult to estimate reliably, espe-
cially when one includes, as the military does, 
the so-called “fully burdened” costs of fuel that 
include all of the ancillary costs of delivering and 
maintaining reliable fuel supplies where they are 
needed. Even without such calculations, the U.S. 
military pays an enormous amount for fuel: $8.8 
Billion for 130 Million barrels of petroleum in 
2005 and $17.9 Billion for 134 million barrels of 
oil in 2008. 

While the costs of liquid fuels have little bear-
ing on power generation in the civilian sector, 
this is less true in the military where a significant 
amount of liquid fuel is used to power diesel gen-
erators during wartime. The military currently 
deploys approximately 125,000 diesel generators 
and, according to one fully-burdened cost of fuel 
estimate, the costs for operating these generators 
is between $3.5 and $5 billion annually during 
wartime,84 during which they are the Army’s larg-
est consumers of fuel.

http://www.reuters.com/article/2011/09/20/us-mitsubishi-heavy-idUSTRE78J1N320110920
http://www.reuters.com/article/2011/09/20/us-mitsubishi-heavy-idUSTRE78J1N320110920
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2174rank.html
https://www.cia.gov/library/publications/the-world-factbook/rankorder/2174rank.html
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2011. (http://www.army.mil/article/64731/).
88 Department of Defense, February 2008.
89 “Energy for the Warfighter: Operational Energy Strategy,” U.S. Department of Defense, 2008.
90 Department of Defense, February 2008.

Table 4: usage of fossil fuel based disTribuTed  
energy increases dramaTically during WarTime

Source Peacetime Wartime

Combat Vehicles 30 162

Combat Aircraft 144 307

Tactical Vehicles 44 173

Generators 26 357

Non-Tactical 51 51

Total 295 1050

The costs of fuel-use for front-line power genera-
tion also have to take into consideration the sup-
ply chains required to deliver it. Supply convoys 
are the key point of vulnerability in the military 
energy security infrastructure and it is estimated 
that there is one casualty for every forty-six re-
supply convoys in Afghanistan. The troops in 
Afghanistan need about 897 refueling missions 
a year, indicating that casualties associated with 
supplying them can be expected to result in the 
death or injury of around 20 soldiers a year.85 

While the fully-burdened costs of fuel can vary dra-
matically depending upon the assumptions—such 
as the location of fuel within the combat space—sit-
uational cost estimates show that many specialized 
forays into combat can routinely require hundreds 
of dollars per gallon. Even relatively routine activi-
ties, such as on-board fueling of a ship away from 
combat zones, can require substantially higher 
fuel costs than the retail costs. Thus, the cost of 
fuel, while technically “only” in the low tens of 
billions, can dramatically expand when other fac-
tors are taken into consideration.86 This cost, both 

in terms of fuel requirements and human casual-
ties, represents the true cost of distributed energy 
to the military.

As Army Secretary John McHugh noted in an 
August 2011 speech, the average soldier dur-
ing WWII used just 1 gallon of fuel per day. 
Today, in Iraq and Afghanistan, the average sol-
dier consumes 15-22 gallons of fuel per day.87 

Thus, having secure and stable energy sources is a 
critical goal for the modern military.

The need for power on the front lines also has 
a direct impact on the operational abilities of 
soldiers on the ground. About 15-20 percent 
of the average Marine’s packweight of 70-90 
pounds now consists of batteries (used to charge  
everything from night-vision goggles to radios 
to laptops), substantially reducing mobility.88 

Moreover, the DOD projects the weight of batter-
ies, for a three-day foot patrol, to increase to 18 
lbs per soldier by 2012, up from approximately 10 
lbs in 2010.89 This implies that, with a 70 lb pack-
weight, batteries would make up ¼ of the weight.

The Role for DPS

DPS have the potential to play a large role in the 
provision of secure energy for the military, both at 
its bases and in theater. Powering systems through 
distributed generation is one method of islanding 
key military systems to reduce vulnerability to at-
tacks. DOD has recognized this, and seeks to in-
crease its use of distributed energy, including new 
forms of non-fossil distributed energy, to power 
its facilities. DOD plans to spend over $600 mil-
lion in fuel cells alone from 2008 to 2013.90

Source: Report of the Defense Science Board Tast Force on DoD 
Energy Strategy, 2008.

http://www.army-technology.com/features/feature77200
http://www.army-technology.com/features/feature77200
http://www.army.mil/article/64731
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91 Ibid.
92  Many military bases have or are in the process of privatizing electric assets and infrastructure.  Accordingly, implementation of DPS 

independent grid operation for system security may need to coordinate with electric utility initiatives or as an adjunct system that would 
operate independently from the electric utility grid.

93  “From Barracks to Battlefield: Clean Energy Innovation and America’s Armed Forces,” The Pew Project on National Security, Energy and 
Climate, September 21, 2011. (http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-
and-americas-armed-forces-85899364060).

94  Notably, microgrid application for military bases now has the attention of U.S. congressional representatives.  In May, 2010, the Military 
Energy Security Act (MESA) was submitted under The National Defense Authorization Act for Fiscal Year 2011 (H.R. 5136). The bill passed 
the House but was not approved for 2012 – it may be reintroduced in subsequent sessions.  MESA, as proposed, included $25 million for 
a microgrid “pilot program” that would be implemented at a military base by 2014 (Representative Martin Heinrich (D) of New Mexico 
sponsored the bill).

95  Adam Seawall, “Size of U.S. Solar PV Home Systems Growing, IREC Industry Report Says,” getsolar.com, 30 June 2011. (http://www.getsolar.
com/blog/size-of-u-s-solar-home-pv-systems-growing-irec-industry-report-says/18107/)

The integration of DPS into military base elec-
trical infrastructure is a logical choice: many of 
these bases have a robust electrical infrastructure 
that is self-contained with on-site personnel ca-
pable of operating and maintaining the complex 
systems necessarily for the provision of a higher 
level of electrical security. The 2008 DOD report 
cited above called for an immediate islanding of 
several military installations, though the specific 
locations were classified and not listed in the pub-
lished report.91

A military base represents an ideal environment 
for security-enhanced microgrid applications, 
one where the electric infrastructure can either 
operate independently or be integrated with 
the larger electric grid. This already occurs on 
many military bases where back-up generators 
provide a back-up supply to the broader electric 
utility supply in the event of an interruption.92 

The military accounted for an estimated 15 per-
cent of the U.S. microgrid market in 2010.93

 

Smart systems are likely to have a key role in DPS 
operations in a microgrid environment as stand-
alone, self-healing systems are likely to become 
essential during major disruptions of supply when 
the attention of military personnel are devoted to 
other duties.94 DOD spent more than $190 mil-
lion in smart grid applications in 2010, indicating 
a substantially enhanced awareness of smart grid 
benefits. DPS resources, where limited or inter-

rupted by events, may need to be redirected to 
mission-critical lines.
 
DPS also have significant potential role for the 
military in the combat theater, particularly as a 
means of reducing the amount of liquid fuels and 
battery capacity required for power generation. 

The Marine Experimental Forward Operating 
Base at Quantico, VA, was deployed in 2010 as a 
way to test new and emerging technologies that 
will allow for better and more mobile deployment 
of security forces. Among the most prominent 
technologies tested were flexible solar technologies 
that can be deployed as part of tents on forward 
operating bases. These “solar tents” were used to 
power computers, radios and other key electron-
ics while working silently, thus eliminating poten-
tial noise signals from generators that could alert 
insurgents to a military presence. The solar tents 
had up to 2 kW of rooftop power, representing 
about one-third of the power of an average resi-
dential solar system installed in the United States 
in 2010.95 As a result of successful domestic tests, 
Marines from the India Company 3rd Battalion 
5th Marine Regiment have deployed the technol-
ogy in Afghanistan. The successful deployment 
included a three-week foot patrol where 700 
pounds of weight were saved as the need for a bat-
tery supply was eliminated and the operation of 
two patrol bases on 100 percent renewable energy. 
As a result, the Marines have made the decision to 

http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-and-americas-armed-forces-85899364060
http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-and-americas-armed-forces-85899364060
getsolar.com
http://www.getsolar.com/blog/size-of-u-s-solar-home-pv-systems-growing-irec-industry-report-says/18107
http://www.getsolar.com/blog/size-of-u-s-solar-home-pv-systems-growing-irec-industry-report-says/18107
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96  “From Barracks to Battlefield: Clean Energy Innovation and America’s Armed Forces,” The Pew Project on National Security, Energy and 
Climate, September 21, 2011. (http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-
and-americas-armed-forces-85899364060)

97  “Solar Power Sources: Rucksack Enhanced Portable Power System,” U.S. Army RDECOM, CERDEC Army Power Division. (http://www.
cerdec.army.mil/directorates/docs/c2d/REPPS_Fact_Sheet.pdf) and Tony Bui, “New Army Battery Recharging Kits Run on Renewable 
Energy,” Armed with Science, August 24, 2010. (http://science.dodlive.mil/2010/08/24/new-army-battery-recharging-kits-run-on-renewable-
energy/) 

replicate this capability for all of their bases in the 
restive Helmand province.96

 

Meanwhile, a new Rucksack Enhanced Portable 
Power System (REPPS) developed for the army 
includes a rollable solar charging mat as well as 
rechargeable batteries and fuel-cell chargers for 
powering radios, laptops and other devices. Cur-
rently weighing approximately nine pounds, fu-
ture iterations promise substantial weight savings. 
Recently, 725 of these systems were delivered to 
troops in Afghanistan.97

3.3 Summary

For both civilian and military dimensions, a de-
centralization of electricity infrastructure can al-
low for a more secure and reliable generation of 
electricity primarily by reducing the reliance on 
traditional centralized generation facilities. On 
the civilian side, increasing the penetration of 
DPS means that consumers are less vulnerable 

to a generation shortage. Such shortages can oc-
cur due to technical issues such as grid failures 
or capacity shortfalls, or because of deliberate at-
tacks—either physical or cyber-related—on the 
power grid. On the defense side, DOD has ex-
pressed keen interest in using DPS to increase en-
ergy security both domestically and on the battle-
field. Domestically, it has shown concern that its 
reliance on centralized electricity infrastructure 
leaves many of its critical units and buildings vul-
nerable to electricity outages, similar to those ex-
perienced by the civilian population. By reducing 
its dependence on centralized electricity genera-
tion, DOD will then be less exposed to power cuts 
and, in particular, sabotage of electricity genera-
tion. On the battlefield, DPS enables the military 
to limit its reliance on diesel generation, which is 
vulnerable to supply disruptions (some of which 
can be fatal) and on unwieldy and inefficient bat-
tery packs, which are heavy and encumber the 
operation of U.S. ground forces. 

http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-and-americas-armed-forces-85899364060
http://www.pewenvironment.org/news-room/reports/from-barracks-to-battlefield-clean-energy-innovation-and-americas-armed-forces-85899364060
http://www.cerdec.army.mil/directorates/docs/c2d/REPPS_Fact_Sheet.pdf
http://www.cerdec.army.mil/directorates/docs/c2d/REPPS_Fact_Sheet.pdf
http://science.dodlive.mil/2010/08/24/new-army-battery-recharging-kits-run-on-renewable-energy/
http://science.dodlive.mil/2010/08/24/new-army-battery-recharging-kits-run-on-renewable-energy/
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98  These include: the Database of State Incentives for Renewables and Efficiency (DSIRE), funded by the U.S. Department of Energy and 
maintained by the N.C. Solar Center and the Interstate Renewable Energy Council (IREC) (http://dsireusa.org/); the American Council 
for an Energy-Efficient Economy (ACEEE) (http://www.aceee.org/node/2958/all); the Pew Center on Global Climate Change (http://www.
pewclimate.org/what_s_being_done/in_the_states/state_action_maps.cfm); IREC (http://irecusa.org/); the National Governors Association 
(http://www.nga.org/cms/home/nga-center-for-best-practices/center-publications/page-eet-publications/col2-content/main-content-list/
clean-and-secure-state-energy-ac.html); and the Clean Energy States Alliance (http://www.cleanenergystates.org/). 

99  Some readers will no doubt call attention to other policies that are not mentioned in our analysis that are applicable in some way to DPS.  
However, to focus the analysis, the research team decided to highlight those we judged to be the most illustrative and relevant, while 
recognizing that the entire panoply of policy tools and their interrelationships are part of the policy framework.

The preceding chapters described DPS tech-
nologies and their applications, summarized 
their evolving role in the U.S. power sector 

and examined the costs and benefits of these sys-
tems. This chapter reviews the policy landscape 
with respect to DPS and serves to inform the 
feedback received from stakeholders in the power 
industry in Chapter 5.
 
At the federal, state and local levels there are nu-
merous policy mechanisms designed specifically 
to promote DPS, while others more indirectly 
influence the deployment of these systems and 
resources. There are many excellent organiza-
tions and sources that assemble, monitor, update 
and, in some cases, rank the effectiveness of these 
policies and provide best practice guidelines for 
implementation.98 It is not our intent to reproduce 
this information in its entirety, or to present ex-
haustive detail on each policy; rather it is the aim 
of this chapter to present a brief introduction to a 
selected group of policy tools that most directly 
affect DPS.99

For ease of analysis, we present these policies in 
three main categories: 

•	 Financial Incentives: including tax exemp-
tions and credits, loans, grants and rebates; 

•	 Rules and Regulations: such as renew-
able portfolio standards, interconnec-
tion standards and net metering require-
ments; and 

•	 Strategies and Targets: such as green-
house gas reduction goals, and plans for 
the adoption of new technologies such as 
smart grid and plug-in electric vehicles. 

This approach broadly follows the categorization 
of policies used by the Database of State Incen-
tives for Renewables and Efficiency. Table 5 sum-
marizes current implementation and Annexes 2 
and 3 provide additional details on policy design 
features and specific program examples at the 
state and federal level, respectively. 

http://dsireusa.org
http://www.aceee.org/node/2958/all
http://www.pewclimate.org/what_s_being_done/in_the_states/state_action_maps.cfm
http://www.pewclimate.org/what_s_being_done/in_the_states/state_action_maps.cfm
http://irecusa.org
http://www.nga.org/cms/home/nga-center-for-best-practices/center-publications/page-eet-publications/col2-content/main-content-list/clean-and-secure-state-energy-ac.html
http://www.nga.org/cms/home/nga-center-for-best-practices/center-publications/page-eet-publications/col2-content/main-content-list/clean-and-secure-state-energy-ac.html
http://www.cleanenergystates.org
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100 See the DSIRE website at www.dsireusa.org for more details on rules and regulations surrounding implementation.
101 Ibid.

4.1 Federal Legislation

As outlined in Chapter 1, PURPA was the first 
major federal legislation that opened the way for 
greater deployment of distributed generation re-
sources. PURPA created a wholesale market for 
non-utility, independent power projects and re-
quired utilities to connect these “qualifying facili-
ties” (QFs) to their transmission grids. QFs pro-
duce electricity using alternative sources of power 
such as renewable fuels or cogeneration. Utilities 
are required to purchase power from QFs at the 
utility “avoided cost” of additional generation, 
with states left to develop methodologies for de-
termining avoided cost. 

In addition to PURPA, there have been several re-
cent major pieces of federal legislation that have had 
a direct or indirect effect on the adoption of DPS.
 

•	 Energy Policy Act of 2005 (EPAct 2005)
•	 Energy Independence and Security Act 

of 2007 (EISA 2007)
•	 American Recovery and Reinvestment 

Act of 2009 (ARRA 2009)

Moreover, FERC has taken several actions influ-
encing DPS-related issues, including intercon-
nection standards, net metering, feed-in-tariffs, 
transmission and storage. 

In the following section, we highlight several il-
lustrative federal provisions and rules dealing 
with DPS according to policy category, while 
more details are provided in Annex 3. 

Financial Incentives

There are many federal financial incentives for 
renewable energy and energy efficiency. In this 
section, we focus on three: tax incentives, loan  

guarantees and accelerated depreciation. A sum-
mary of several other financial incentives is pro-
vided in Annex 3.
 
Tax Incentives

Two major federal financial incentives having 
direct impact DPS are the production tax credit 
(PTC) and the investment tax credit (ITC). 

The PTC was initially enacted under the Energy 
Policy Act of 1992 and has been extended and 
amended many times over the years. It pays an 
inflation-adjusted tax credit for ten years, rang-
ing from 1.1-2.2 cents per kWh depending on the 
technology.100 The ITC offers a tax credit equal to 
30 percent of project costs for eligible technolo-
gies (solar, small wind) and 10 percent for others 
(geothermal, micro turbines and combined heat 
and power).101

 

Section 1603 of ARRA updated the PTC and the 
ITC: 

•	 PTC: Facilities eligible for the PTC can elect 
to choose the 30 percent ITC or to receive a 
cash grant from the U.S. Treasury Depart-
ment covering up to 30 percent of the project 
cost (under a new program referred to as a 
1603 grant) 

•	 ITC: Facilities eligible for the ITC can choose 
to receive a 1603 cash grant covering up to 30 
percent of the project cost. 

Federal Loan Guarantee Program

EPAct 2005 authorized support for innovative 
clean energy technologies that are typically un-
able to obtain conventional private financing due 
to high technology risks. These technologies must 

www.dsireusa.org
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Rules and Regulations 

Federal rules and regulations also affect DPS de-
ployment, especially in the areas of net metering 
and interconnection and FERC has issued several 
decisions dealing with jurisdictional issues relat-
ed to DPS development. 

Net Metering and Interconnection

Two provisions of EPAct 2005 were directly ben-
eficial for the adoption of distributed power sys-
tems, through the requirements for utilities to 
provide net metering and interconnection ser-
vice.108

 

Before the passage of EPAct 2005, utilities deter-
mined the standards and technical requirements 

102 “1703,” U.S. Department of Energy Loan Programs Office. (https://lpo.energy.gov/?page_id=39)
103 “1705,” U.S. Department of Energy Loan Programs Office (https://lpo.energy.gov/?page_id=41)
104  “Our Mission,” U.S. Department of Energy Loan Programs Office. (https://lpo.energy.gov/?page_id=17). On September 30, 2011, the Loan 

Guarantee Program’s Section 1705 expired.
105  “Our Projects,” U.S. Department of Energy Loan Programs Office. (https://lpo.energy.gov/?page_id=45). Includes $10.647 billion in loans 

under Section 1703 and $16.0265 billion under Section 1705.
106 MACRS was created in 1986 and updated in the EPAct 2005 and again under the Energy Improvement and Extension Act of 2008.
107  The bonus depreciation was introduced in the Economic Stimulus Act of 2008 and continued in 2009 and 2010 through the ARRA 2009 and 

Small Business Jobs Act, respectively.  It was expanded in the Tax Relief, Unemployment Insurance Reauthorization and Job Creation Act of 
2010 to include a 100 percent first year bonus depreciation for systems purchased and installed between September 8, 2010 and the end of 
2011. See www.dsireusa.org for more specific rules and regulations governing this program.

108 See: “Subtitle E – Amendments to PURPA of the Energy Policy Act of 2005: Sections 1251a, §11, and 1254a, §15.”

Net Metering and Interconnection Standards

Net Metering: For electric customers who generate their 
own electricity, net metering allows for the flow of elec-
tricity both to and from the customer—typically through a 
single, bi-directional meter.  When a customer’s generation 
exceeds the customer’s use, electricity from the customer 
flows back to the grid, offsetting electricity consumed by 
the customer at a different time during the same billing 
cycle.

Interconnection Standards: These specify the technical 
and procedural process by which a customer connects an 
electricity-generating unit to the grid, including the tech-
nical and contractual terms that system owners and utili-
ties must abide by.

Source: www.dsireusa.org

also avoid, reduce, or sequester air pollutants or 
greenhouse gases.102 The act authorized loan guar-
antees for certain renewable energy systems (in-
cluding solar, wind and biomass), electric power 
transmission systems and leading edge biofuels 
projects.103 By guaranteeing loans and agreeing 
to repay a borrower’s debt obligation in the event 
of a default for eligible clean energy projects, the 
program provides a more secure environment for 
investors. The program also provides direct loans 
to manufacturers of advanced technology vehi-
cles. In this manner, the mission is “to accelerate 
the domestic commercial deployment of innova-
tive and advanced clean energy technologies at a 
scale sufficient to contribute meaningfully to the 
achievement of our national clean energy objec-
tives.”104 Thus far, the DOE’s Loans Programs Of-
fice has guaranteed $26.67 billion.105

 

Modified Accelerated Cost-Recovery System 

MACRS incentivizes the use of renewable energy 
by allowing depreciation of eligible renewable 
generation assets.106 The terms of cost recovery 
differ according to the technology involved: solar 
electric and solar thermal, fuel cells, micro-tur-
bines, geothermal electric, wind installations un-
der 100 kW and combined heat and power appli-
cations are each considered “five-year property,” 
allowing them to be depreciated over five years. 
Recent amendments to the program introduced 
a first-year “bonus” depreciation of 50 percent for 
eligible renewable energy systems purchased and 
installed.107

https://lpo.energy.gov/?page_id=39
https://lpo.energy.gov/?page_id=41
https://lpo.energy.gov/?page_id=17
https://lpo.energy.gov/?page_id=45
www.dsireusa.org
http://www.dsireusa.org
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109  R. Brent Alderfer, Thomas J. Starrs and M. Monika Eldridge, “Making Connections: Case Studies of Interconnection Barriers and their 
Impact on Distributed Power Projects,” National Renewable Energy Laboratory NREL/SR-200-28053, May 2000 (Revised July 2000).

110  See: “Order No. 2006. Standardization of Small Generator Interconnection Agreements and Procedures,” Federal Energy Regulatory 
Commission, Issued May 12, 2005.

111 Ibid.
112 See: MidAmerican, 94 FERC ¶61, 340 (2001). From “FERC Upholds Net Metering Laws,” Wind Energy Weekly, 20:940, April 6, 2001.
113 See: MidAmerican, 94 FERC ¶ 61,340 (2001), and SunEdison LLC, 129 FERC ¶ 61, 146 (2009). 
114  See: Section 1252 of EPAct 2005; and New PURPA Section 210(m) “Regulations Applicable to Small Power Production and Cogeneration 

Facilities,” Federal Energy Regulatory Commission, January 2006.

for the interconnection of distributed resources. 
However, in a 2000 study by the National Renew-
able Energy Laboratory of 65 distributed power 
case studies, only seven reported no major util-
ity related barriers to interconnection. A major-
ity of respondents noted that “utilities’ policies or 
practices constituted unnecessary barriers to in-
terconnection.”109 With distributed power systems 
accounting for upward of 15 percent of electricity 
generation capacity in some regions of the coun-
try, there was growing concern around the reli-
ability implications of further interconnections. 
These provisions of EPAct 2005 were designed to 
promote more widespread adoption of net meter-
ing and interconnection rates.
 

In November 2005, FERC required all public util-
ities involved in interstate commerce to imple-
ment standard interconnection procedures for 
small generators (those under 20 MW).110 Under 
the order, small generators are required to adhere 
to FERC’s Small Generator Interconnection Pro-
cedures for technical issues; and the Small Gener-
ator Interconnection Agreement for contractual 
issues. It also required that all utilities under its 
jurisdiction implement open access transmission 
tariffs (OATTs). According to FERC, the regula-
tion was designed to equalize interconnection 
treatment for generators both independent of and 
affiliated with transmission providers. The order 
was designed to “reduce interconnection time 
and costs […], preserve reliability, increase en-
ergy supply where needed, lower wholesale prices 
for customers by increasing the number and types 
of new generation that will compete in the whole-
sale electricity market, facilitate development of 
non-polluting alternative energy sources and help 

remedy undue discrimination.”111 However, the 
interconnection standards apply only to utilities 
subject to FERC’s jurisdiction; as most small gen-
erators are at the distribution level, the policy has 
little applicability to the majority of distributed 
power systems.

FERC Jurisdiction

Over the last decade, FERC has made several rul-
ings having an impact on DPS, especially small-
scale facilities and installations.
 
In March 2001, FERC stated that “we find…that 
no sale occurs when an individual homeowner 
or farmer (or similar entity such as a business) 
installs generation and accounts for its dealings 
with the utility through the practice of netting.”112

In effect, this ruling seemed to define that the 
process of net metering does not constitute a sale 
of electricity from a customer-sited facility, but 
rather a crediting arrangement. However, FERC 
has left open the possibility that where a sale oc-
curs, it could constitute a wholesale transaction 
and thus fall within its jurisdiction.113

EPAct 2005 ended the mandatory purchase re-
quirements stipulated in PURPA for those QFs 
with access to wholesale markets, i.e. the exemp-
tion applied to utilities operating only in “suffi-
ciently competitive markets for the QF to sell its 
power.”114 Following passage of the EPAct 2005, 
FERC issued a generic rulemaking removing the 
purchase obligation for utilities connecting to 
four independent system operators—Midwest 
Independent System Operator, PJM Interconnec-
tion, ISO-New England and the New York Inde-
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115  New PURPA Section 210(m) “Regulations Applicable to Small Power Production and Cogeneration Facilities,” Federal Energy Regulatory 
Commission, January 2006.

116  “130 FERC ¶ 61, 214: Revisions to Form, Procedures, and Criteria for Certification of Qualifying Facility Status for a Small Power 
Production or Cogeneration Facility,” Federal Energy Regulatory Commission Order No. 732 and Docket No. RM09-23-000, Issued March 
19, 2010.

117 California Public Utilities Commission, 133 FERC 61,059, 2010.
118  Frederick A. Fucci, “Distributed Generation,” in The Law of Clean Energy, ed. Michael B. Gerard (Chicago: American Bar Association, 

2011), pp.345-358.
119 Ibid.
120  “Notice of Inquiry 135 FERC ¶ 61,240,” Federal Energy Regulatory Commission, June 2011. Quotation from “FERC Seeks Comment on 

Policies for Ancillary Services, Electric Storage Technologies,” Federal Energy Regulatory Commission News, June 16, 2011.
121  Smart Grid,” DOE Office of Electricity Delivery & Energy Reliability. (http//energy.gov/oe/technology-development/smart-grid).

pendent System Operator115—and gave utilities in 
other regions the opportunity to file applications 
for relief from the obligation. Notably, the exemp-
tion does not apply to QFs with a net capacity of 
less than 20 MW, i.e., utilities still have the obliga-
tion to purchase from facilities with a capacity up 
to 20 MW.

More recent FERC actions affecting DPS include: 

•	 Exempting QFs under 1 MW from re-
quirements to self-certify or request QF 
certification from FERC116

•	 Clarifying that avoided costs can be cal-
culated taking into consideration specific 
state requirements for renewable tech-
nologies and that different avoided costs 
rates can be used for various renewable 
technologies117

 

In sum, with regard to federal jurisdiction over 
DPS projects, if no power is sold back to the grid, 
or if a third-party owner of on-site generation 
sells power only to the host, there is no transac-
tion subject to federal jurisdiction.118 Further-
more: 

“If the on-site facility is interconnected to 
the local distribution grid or to an inde-
pendent system operator or local or re-
gional wholesale market, potentially the 
transaction could be subject to federal 

regulation under the Federal Power Act 
and FERC rules, but so long as the on-site 
generation qualifies as a QF, or is a small 
power generating facility, no federal reg-
ulation applies.”119

FERC has also initiated a process to examine ap-
proaches for quantifying the benefits of storage, 
specifically seeking comment on “how to remove 
potential barriers to the expanded use of electric 
storage technologies…[since] current procedures 
do not specifically provide for the accounting of 
costs related to new energy storage resources and 
operations, nor do they clearly indicate how best 
to classify storage technologies that can provide a 
range of services to the grid.”120

Strategies and Targets

The federal government has taken a strong lead in 
promoting several key broad strategies and plans 
that have an impact on DPS, especially regarding 
the promotion of the smart grid, electric vehicles 
and storage.

Smart Grid

The U.S. DOE defines the smart grid as “a class 
of technology people are using to bring util-
ity electricity delivery systems into the 21st cen-
tury, using computer-based remote control and  
automation.”121 Both EISA 2007 and ARRA 2009 
directly supported the smart grid.

http//energy.gov/oe/technology-development/smart-grid
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122 “TITLE XIII, SEC. 1301 (3),” Energy Indepdence and Security Act of 2007. See Annex 3 for more information.
123  See: “NIST Priority Action Plan 07 6.2.3.” (http://www.nist.gov/smartgrid/upload/7-Energy_Storage_Interconnection.pdf).  Also see 

Priority Action Plan 09 section 6.2.1, on Standard DR and DER Signals, which announced its objectives to define a framework and common 
terminology for demand energy resource integration (http://www.nist.gov/smartgrid/upload/9-Standard_DR_signals.pdf).

124 See: “Section 1141” of the American Recovery and Reinvestment Act of 2009.
125  See: “Title IV Subtitle D—Energy Storage for Transportation and Electric Power,” also known as the United States Energy Storage 

Competitiveness Act of 2007.

Energy Independence and Security Act 2007

EISA 2007 contains several provisions aimed 
at increasing the penetration of distributed re-
sources, explicitly acknowledging “distributed re-
sources and generation, including renewable re-
sources” as a constituent part of the smart grid.122

EISA 2007 designated the National Institute for 
Science and Technology (NIST) as the organiza-
tion to coordinate a framework and roadmap for 
Smart Grid interoperability standards and pro-
tocols. In January 2010 NIST released its Frame-
work and Roadmap for Smart Grid Interoperabil-
ity Standards, which prioritized six “key func-
tionalities” of the Smart Grid in which the timely 
creation of standards were most needed. Two of 
these areas, “demand response and consumer en-
ergy efficiency,” and “energy storage” have direct 
applicability to distributed resources. Through its 
Interoperability Framework Process, NIST devis-
es Priority Action Plans, which define challenges, 
establish objectives and seek to identify the stan-
dards necessary to meet them. NIST recognizes 
the importance of energy storage in combination 
with distributed energy resources as a “key pri-
ority…in the interoperability standards develop-
ment process.”123

American Recovery and Reinvestment Act 2009

DPS systems were also given a boost by ARRA’s 
$4.5 billion allocation for the smart grid. The bill 
explicitly states that one of the measures of the 
economic and environmental impact of Smart 
Grid investments and demonstrations is “the per-
centage increase of total load served [measured in 

MW] by smart-grid-enabled distributed energy 
resources, renewable energy systems and energy 
storage devices.” The inclusion of “Distributed 
Generation” and “Load Served by Microgrids” 
in the DOE’s formal “build metrics” for the grid 
shows that advancing the cause of DPS is a lead-
ing objective of the ARRA 2009 legislation. 

Electric Vehicles

ARRA allowed buyers of new qualified plug-in cars 
sold after Dec. 31, 2009 to receive a tax credit be-
tween $2,500 and $7,500 according to the car’s bat-
tery capacity.124 The latter condition is relevant to 
DPS as it serves to incentivize batteries with larger 
storage capacities, which are likely to provide more 
options for distributed vehicle-to-grid storage. 

Storage

EISA 2007 allocates funding to a research, devel-
opment and demonstration program, an Energy 
Storage Advisory Council and four energy stor-
age research centers.125 In total, the Act allocates 
nearly $3 billion to storage-related development. 
Technologies and applications explicitly covered 
include a range of transmission and grid-related 
applications likely to advance the development of 
distributed storage and, in turn, strengthen the 
case for distributed generation sources, includ-
ing:

•	 Islanding, defined as “a distributed gen-
erator or energy storage device continu-
ing to power a location in the absence of 
electric power from the primary source” 
and 

http://www.nist.gov/smartgrid/upload/7-Energy_Storage_Interconnection.pdf
http://www.nist.gov/smartgrid/upload/9-Standard_DR_signals.pdf
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126  We do not examine sources of financing for states. For an excellent summary of approaches in this area, see Devashree Saha, Sue Gander 
and Greg Dierkers, “State Clean Energy:  Financing Guidebook,” National Governors Association, January 2011.

127  Charles Kubert and Mark Sinclair, “Distributed Renewable Energy Finance and Policy Toolkit,” Clean Energy States Alliance, December 
2009. (CESA 2009)

128 Ibid.
129 Ibid.

An ITC represents a share of the 
system cost while a PTC is based on 

measured system output.

Source: Clean Energy States Alliance

•	 Microgrid, defined as “an integrated en-
ergy system consisting of interconnected 
loads and distributed energy resources 
(including generators and energy storage 
devices), which as an integrated system 
can operate in parallel with the utility 
grid or in an intentional islanding mode.”

4.2 State-level Legislation

Across the fifty states and the District of Colum-
bia there are numerous policies to promote DPS 
specifically, and renewable energy and energy ef-
ficiency generally. As noted at the beginning of this 
chapter, there are many excellent sources describ-
ing these policy tools, including advantages and 
disadvantages and best practices in design. For the 
purposes of this section, we focus on specific pol-
icy tools utilized by the states with the most influ-
ence on DPS.126 Annex 2 provides more details on 
specific state programs and design features. 

Financial incentives
 
Tax Incentives

 
One of the most common financial mechanisms 
at the state level is the encouragement of distrib-
uted generation through tax incentives. These can 
be tax exemptions or tax credits. 

Tax exemptions are at the personal level through 
income tax exemptions or property tax exemp-
tions for commercial, industrial or residential 
projects. Tax exemptions are an effective, albeit 
potentially expensive, way for states to incentiv-
ize the adoption of distributed power systems. 
Exemptions fall into two broad categories: the 
exemption of taxes that would otherwise be paid 

on the purchase and installation of the systems 
themselves; and the partial exemption of taxes on 
properties whose value is increased by the addi-
tion of distributed power systems. Both types are 
very common, although the details of such policies  
vary from state to state with regard to the kind of 
qualifying facility.

Tax credits are another means of incentivizing 
distributed power systems, giving owners a de-
fined reduction in tax liability. They fall into one 
of two main categories: PTCs and ITCs. Such tax 
credits allow renewable energy system owners 
to lower the cost of the energy system through 
a credit on either personal or corporate state in-
come taxes.127 Tax credits often have caps on the 
amount of funding available, with commercial 
systems having higher caps than residential sys-
tems. It is possible for a project to qualify for both 
state and federal tax credits.

Grants and Loans

Grants are one type of financial support usu-
ally given to “larger, less standard projects where 
the degree of required project support and the 
expected energy output of the project can vary 
considerably.”128 They are provided to projects at 
various stages of development, from feasibility 
to construction and can be established based on 
specific criteria and strategic program objectives 
so that grant managers can be more discerning in 
choosing projects.129
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130 Ibid.
131 Ibid.
132 Ibid.
133  Charles Kubert and Mark Sinclair, “A Review of Emerging State Finance Tools to Advance Solar Generation,” Clean Energy States Alliance, 

March 2010. (CESA 2010).
134  “Feed-in Tariffs (FIT): Frequently Asked Questions for State Utility Commissions,” National Association of Regulatory Utility 

Commissioners (NARUC), June 2010. (NARUC 2010). FITs are established in the states of California, Hawaii, Vermont, Maine and Oregon, 
as well as in the cities of Sacramento, CA, San Antonio, TX, Madison, WI and Gainesville, FL, and by the utility Consumer’s Energy in 
Michigan; they have been proposed in Indiana, Ohio, Washington, Wisconsin, Michigan, Minnesota, and Rhode Island.

135 CESA 2010.
136 NARUC 2010.
137 Ibid.

Loans have been used for renewable energy and 
energy efficiency programs to “reduce upfront cost 
barriers of renewable energy systems and to im-
prove upon the standard credit and lending terms 
that may be available for these systems from pri-
vate lenders.”130 

Rebates

A whole array of state rebates is used to pro-
mote the installation and use of DPS. Rebates 
are “lump-sum payments that cover a portion of 
a renewable energy project’s capital cost and are 
normally paid to the project owner upon project 
installation.”131 They are also usually capped at a 
dollar amount or at a percentage of the total sys-
tem costs and must meet various eligibility.132

Feed-In-Tariffs

A feed-in tariff is a “standard offering from a utility 
for a fixed-price contract for electricity produced 
from a renewable energy generator for a specified 
term length.”133 Within the United States, FITs are 
currently established in five states, implemented 
by four cities and one major utility in another 
state, and being proposed and considered in sev-
eral other states. (see Annex 2 for a summary of 
several of these programs).134

 
Under the terms of a FIT, certain utilities are ob-
ligated to buy electricity from renewable electric-
ity system owners at long-term fixed rates estab-
lished by regulatory entities and can be limited 
to certain technologies, system size or project 

location.135 FITs act to guarantee a certain price, a 
long-term revenue stream and grid interconnec-
tion so that financial risks are reduced for invest-
ments in certain technologies that policy makers 
and regulators may want to promote for environ-
mental or other reasons. FITs are usually imple-
mented when the preferred resource is unable to 
compete on a cost basis or has other significant 
barriers to market penetration. They are designed 
to develop a market for certain types of energy 
technologies, such as renewable or other DPS, so 
that those technologies can compete without sup-
port after the terms of the contract.

The advantages of a FIT include the fact that it is 
a performance-based incentive that awards actual 
generated energy instead of just installed capacity, 
it facilitates financing and investment that would 
otherwise be difficult by ensuring predictability 
and stability in the market and it allows for a com-
petitive rate of return on investment if properly 
established.136

 
One major drawback of FITs is the increased costs 
to consumers and ratepayers that result from 
their price usually being set above the market 
price in order to encourage investment. “Balanc-
ing the urgency of renewable energy development 
with limiting unnecessary costs [to ratepayers] to 
ensure development will be an important consid-
eration for policymakers interested in renewable 
energy” and distributed power systems.137 How-
ever, there may be beneficial impacts in the local 
economy such as job creation. 
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138  For an in-depth review of this issue, see Scott Hempling, Carolyn Elefant, Karlynn Cory and Kevin Porter, “Renewable Energy Prices in 
State-Level Feed-in Tariffs: Federal Law Constraints and Possible Solutions,” NREL Technical Report NREL/TP-6A2-47408, January 2010.

139  “FERC clarifies California feed-in tariff procedures,” Federal Energy Regulatory Commission (FERC) News Release, October 21, 2010. 
(http://www.ferc.gov/media/news-releases/2010/2010-4/10-21-10-E-2.asp)

Table 5: selecTed dPs-relaTed Policies 
FINANCIAL INCENTIVES RULES & REGULATIONS

Tax Incentives Rebates Grants Loans
Feed-in 
Tariffs

RPS
Net  

Metering

Inter-      
Connection 
Standards

Output- 
based 

Emissions

Corporate Personal

Federal X X X X X

States

Alabama X Y X X

Alaska X X X X

Arizona X X Y Y XSC X Y

Arkansas Y X X X X

California X X X X X X X

Colorado Y Y X XSC X X

Connecticut X X X XC X X X

Delaware X X XS X X X

Florida Y X Y Y X X

Georgia X X Y Y X X X

Hawaii X X X X X XC X X

Idaho X Y Y X Y

Illinois X X X XSC X X X

Indiana X Y Y X X X X

Iowa X X Y X XC X X

Kansas X X Y X X X X

Kentucky X X X X X X

Louisiana X X X X X X

Maine X X X X XC X X X

Maryland X X X X XS X X

Massachusetts X X X X X XSC X X X

Michigan Y X X Y XC X X

Minnesota X X X XC X X

Mississippi Y X

In addition, states are potentially limited in set-
ting requirements for utilities to pay for electricity 
at a certain cost since the Federal Power Act and 
PURPA give the federal government jurisdiction 

over wholesale power rates.138 However, as previ-
ously noted, recent rulings by FERC have tried to 
clarify such uncertainties.139

http://www.ferc.gov/media/news-releases/2010/2010-4/10-21-10-E-2.asp
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FINANCIAL INCENTIVES RULES & REGULATIONS

Tax Incentives Rebates Grants Loans
Feed-in 
Tariffs

RPS
Net  

Metering

Inter-      
Connection 
Standards

Output- 
based 

Emissions

Corporate Personal

Missouri X Y X XSC X X X

Montana X X Y Y X X X X

Nebraska X X Y X X X

Nevada X X XSC X X

New Hampshire X X X XSC X X X

New Jersey X X XSC X X X

New Mexico X X Y X XSC X X

New York X X X X X XSC X X X

North Carolina X X Y X XSC X X

North Dakota X X Y X XC X

Ohio Y X XSC X X X

Oklahoma X Y X XC X

Oregon X X X X X X XSC X X X

Pennsylvania X X X XSC X X

Rhode Island X X X X XC X X

South Carolina X X Y X Y X

South Dakota Y X XC X

Tennessee Y X X

Texas X Y X X Y XC Y X X

Utah X X X XC X X

Vermont X X Y X X XC X X

Virginia X X X X X

Washington Y Y Y XC X X X

West Virginia X X Y X X X

Wisconsin X X X X Y X X X X

Wyoming Y X X X

District of Col. X X XS X X

Sources and Notes for Table: All data from the DSIRE website (http://dsireusa.org/summarytables/index.cfm?ee=1&RE=1), except where otherwise 
noted.

X indicates the policy exists at the state-level (but may also exist at the utility and local levels); Y indicates the policy does not exist at the state-
level but does exist at the utility and/or local levels; S indicates Solar/DG set-aside within an RPS; C indicates CHP set-aside within some type of 
portfolio standard.

CHP data under renewable portfolio standards and output-based emissions data are from the American Council for an Energy-Efficient Economy 
(ACEEE) (http://www.aceee.org/node/124). CHP can be eligible under different types of state policies, including Renewable Portfolio Standards, 
Alternative Energy Portfolio Standards, and/or Energy Efficiency Portfolio Standards.

Feed-in Tariffs from the National Association of Regulatory Utility Commissioners document (Julie Taylor, “Feed-in Tariffs (FIT): Frequently Asked 
Questions for State Utility Commissions,” The National Association of Regulatory Utility Commissioners, June 2010.)

http://dsireusa.org/summarytables/index.cfm?ee=1&RE=1
http://www.aceee.org/node/124
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Rules and Regulations

Renewable Portfolio Standards

Renewable Portfolio Standards (RPS) are the pri-
mary renewable energy policy mechanism used in 
the United States: 29 states and Washington DC 
have an RPS, while 8 states have established non-
binding renewable portfolio goals (See Annex 2). 
Lawrence Berkeley National Laboratory indicates 
that RPS’ in place applied to 47 percent of U.S. load 
in 2010, which will rise to 56 percent when fully 
implemented. Moreover, 23 GW of non-hydro re-
newable capacity (mostly wind) was added in the 
period from 1998 to 2009 in states with active/im-
pending RPS compliance obligations.140 

Renewable portfolio standards require utilities 
to use renewable energy or renewable energy 
credits (RECs) to account for a certain percent-
age of their retail electricity sales—or a certain 
amount of generating capacity—according to a 

specified schedule

Source: www.dsireusa.org

RPS are designed to stimulate the least cost pro-
curement of renewable energy and thus tend to 
disadvantage smaller DPS. To address this, some 
states are developing carve-outs, or separate tar-
gets within overall requirements for particular 
technologies, such as solar, distributed generation, 
or CHP (see Table 6). Most of the DPS-related 
carve outs are targeted to solar PV, while only four 
states—Arizona, Colorado, New Mexico and New 
York have specific targets for non-PV DG (Wash-
ington offers double credit for DG projects).141

140  Ryan Wiser, “State of the States: Update on RPS Policies and Progress,” Lawrence Berkeley National Laboratory (presentation at the 
Renewable Energy Markets 2010, Portland, Oregon, October 20, 2010). (LBNL 2010).

141  According to the Pew Center on Global Climate Change, Massachusetts has flywheel energy storage in its alternative energy portfolio 
standard. See: http://www.pewclimate.org/docUploads/State-RPS-percent20Detail.pdf and http://www.pewclimate.org/what_s_being_done/
in_the_states/rps.cfm.

142 See: “Net Metering Model Rules,” Inter-State Renewable Energy Council, 2009.
143  Laurel Varnado and Michael Sheehan, “Connecting to the Grid,” Interstate Renewable Energy Council, 2009 (sixth edition), pp.13-17. (IREC 

2009a).
144 NREL 2000.

Net Metering

Since EPAct 2005 obligated state utility commis-
sions and non-regulated utilities to consider net 
metering, more net metering policies have been 
established. Currently, 43 states and Washington, 
DC have net metering policies in place, and three 
states have utility voluntary programs only (see 
Annex 2). The number of net metered systems has 
increased substantially since 2002 (see Figure 10). 

Several groups, including the Interstate Renew-
able Energy Council (IREC), the Network for 
New Energy Choices (NNEC) and the Ameri-
can Council for an Energy-Efficient Economy 
(ACEEE) track and assess state net metering poli-
cies, evaluating their effectiveness and developing 
best practice guidelines. IREC has also developed 
—and continues to modify and update—its own 
net metering model rules.142

IREC’s publication “Connecting to the Grid” pro-
vides a comprehensive summary of technical and 
policy considerations surrounding these design as-
pects. Annex 2 provides a brief overview of several 
of them drawing from the most recent edition.143 

Interconnection Standards

In the early 2000s, the lack of interconnection 
standards was increasingly identified as provid-
ing a significant barrier to greater deployment 
of DPS.144 In 2003, IEEE finalized standard 1547 
(Standard for Interconnecting Distributed Re-
sources with Electric Power Systems) specify-
ing the basic technical requirements for inter-
connection. EPAct 2005 obligated state utility  

http://www.dsireusa.org
http://www.pewclimate.org/docUploads/State-RPS-percent20Detail.pdf
http://www.pewclimate.org/what_s_being_done/in_the_states/rps.cfm
http://www.pewclimate.org/what_s_being_done/in_the_states/rps.cfm
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Table 6: summary of sTaTe rPs WiTh solar/dg seT-asides and mulTiPliers

State Overall RPS Requirements Solar or DG Requirement

Arizona 15% by 2025 4.5% DG by 2025

Colorado 30% by 2020 for IOUs; 10% by 2020 for coops 

and large munis

3% DG by 2020; 1.5 % customer sited x 2020

DC 20% by 2020 2.5% solar by 2023

Delaware 25% by 2026 3.5 % PV by 2026; 3x multiplier for PV

Illinois 25% by 2025 1.5% solar PV by 2025

Maryland 20% by 2022 2% solar electric by 2022

Massachusetts 22.1% by 2020; (new RE by 15% by 2020 and 

+1% per year after)

400 MW PV by 2020

Michigan 10% & 1,100 MW by 2015 3x multiplier for solar-electric

Missouri 15% by 2021 0.3% solar-electric by 2021

Nevada 25% by 2025 1.5% solar by 2025; 2.4 – 2.45x multiplier for PV

New Hampshire 23.8% by 2025 0.3% solar-electric by 2014

New Jersey 20.38% RE by 2021 5,316 GWh solar electric by 2026

New Mexico 20% by 2020 for IOUs and 10% by 2020 for 

coops

4% solar-electric by 2020; 0.6% DG by 2020

New York 29% by 2015 0.4788% customer-sited DG by 2015

North Carolina 12.5% by 2021 for IOUs and 10% by 2018 for 

coops and munis

0.2% solar by 2018

Ohio 25% by 2025 0.5% solar electric by 2025

Oregon 25% by 2025 for large utilities and 5-10% by 

2025 for smaller utilities

20MW solar PV by 2020; 2x multiplier PV

Pennsylvania 18% by 2021 0.5% solar PV by 2021

Texas 5,880 MW by 2015 2x multiplier for all non-wind projects (500 MW non-

wind goal)

Utah 20% by 2025 2.4x multiplier for solar-electric

Washington 15% by 2020 Double credit for DG

West Virginia 25% by 2025 Various multipliers
Source: DSIRE Summary Maps (http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1)

145 See IREC 2009a, p.18 for background on the evolution and development of these procedures and differences.

commissions and non-regulated utilities to con-
sider adopting interconnection procedures us-
ing IEEE 1547. By 2006, several model rules and 
procedures for connecting distributed generation 
systems were developed. The most important of 
these were:145

•	  California Rule 21
•	 FERC Small Generator Interconnection 

Procedures
•	 Mid-Atlantic Demand Resource Initia-

tive Procedures (MADRI Procedures)
•	 IREC Model Interconnection Procedures 

(IREC Procedures)
•	 NARUC Small Generation Resource In-

terconnection Procedures

http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
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figure 10: groWing number of neT meTered sysTems

From IREC, Connecting to the Grid, p. 13.

146  “State Electric Efficiency Regulatory Frameworks,” Institute for Electric Efficiency, June 2011. (http://www.edisonfoundation.net/IEE/
issueBriefs/IEE_StateRegulatoryFrame_0611.pdf).

Many states have since instituted standard inter-
connection rules: currently, 43 states and Wash-
ington, DC have an interconnection policy in 
place (see Annex 2). 

Rate Mechanisms/Issues

Any utility that has full decoupling in place will 
recover the reduction in electricity sales due to 
net metering. Decoupling is a mechanism that 
“decouples” a utility’s kWh sales from its revenue 
thereby allowing a utility to recover its fixed costs 
even when its electricity sales are lower than ex-
pected. Decoupling is typically used to align util-
ity incentives so that utilities have no disincentive 
for promoting energy efficiency which decreases 
sales; however, this regulatory mechanism also 
works in the context of net metering and distrib-

uted power generation. Without decoupling, a 
utility that experiences a decrease in sales (below 
the expected sales forecast) would not recover 
enough revenue to cover its fixed costs. However, 
in some states, utilities have partial decoupling 
or a lost revenue adjustment mechanism related 
solely to energy efficiency. In these instances, 
a utility would not recover reduced sales due to 
net metering unless specific language allowed 
this type of recovery. As of June, 2011, in the 
United States, about 13 states have decoupling 
mechanisms in place with another 9 pending and 
9 states have lost revenue recovery mechanisms 
in place with 2 pending; the specifics of these 
mechanisms vary from state to state146 (See An-
nex 2). The number of states with some type of 
decoupling or lost revenue recovery mechanism 
in place has grown significantly over the past few 

http://www.edisonfoundation.net/IEE/issueBriefs/IEE_StateRegulatoryFrame_0611.pdf
http://www.edisonfoundation.net/IEE/issueBriefs/IEE_StateRegulatoryFrame_0611.pdf
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147 “Output-Based Regulations,” U.S. EPA Combined Heat and Power Partnership. (http://www.epa.gov/chp/state-policy/output.html)
148  “Output-based Emissions Regulations,” American Council for an Energy-Efficient Economy. (http://www.aceee.org/sector/state-policy/

toolkit/chp/emissions)
149  “Output-Based Regulations: A Handbook for Air Regulators,” U.S. Environmental Protection Agency, August 2004. (http://www.epa.gov/

chp/documents/obr_final_9105.pdf).

years and it is expected that more states will adopt 
these mechanisms.

A general issue related to almost all retail electric 
sales is the fact that retail electricity rates, for the 
most part, do not take into account the varying 
cost of generating electricity by time of day, day of 
the week and season of the year. Most, but not all, 
residential and small commercial customers pay 
a fixed rate for electricity consumption that does 
not vary by time of day. This topic has been de-
bated for several decades and with the rollout of 
smart meters to mass market customers, the op-
portunity to provide dynamic rates (i.e., rates that 
are related to the price of wholesale power) has 
now moved closer to the forefront of the policy 
debate. Several state PUCs are discussing this is-
sue with plans to provide rate options to small re-
tail customers down the road. These rates can vary 
from fixed time of day rates to critical peak pric-
ing and real time rates. Technically speaking, the 
most effective rates are those that are dispatchable 
(time of day rates are not dispatchable) and there-
fore related to the wholesale price of electricity. 

This issue affects DPS in that a customer supplying 
power to the grid at a peak hour of the day when 
the wholesale price of electricity is high should re-
ceive a different price for that power than if the 
same power is supplied at 10:00 pm. However, at 
this time, most states have chosen to adopt net 
metering mechanisms which currently, by run-
ning the meter backwards, result in a customer 
receiving the retail rate for power produced. In 
most instances, the customer does not get paid for 
producing excess power but this is changing. As 
these policies develop and evolve, it makes sense 
for excess power produced to be purchased at the 
wholesale rate (essentially a dynamic real time 
rate is equivalent to the wholesale price of power). 

However, the price of electricity is not the only 
cost when supplying power to the grid; fees related 
to the grid, such as distribution system costs, will 
also need to be considered and included. 

Output-based Emissions

Electricity generation has traditionally been sub-
ject to input-based emissions regulations—limit-
ing the amount of emissions produced per unit of 
input fuel (e.g., pounds of sulfur dioxide per mil-
lion Btu of coal). However, this does not recognize 
the efficiency of the process in converting the fuel 
input into a useful output and so depends upon 
pollution control devices to reduce emissions 
without directly incentivizing plant efficiency. 

Output-based emissions are a form of regulation 
that seeks to encourage efficiency and renew-
able energy while also controlling air pollution. 
Output-based emissions regulation “levels the 
playing field by establishing performance crite-
ria and allowing efficiency and renewable energy 
to compete on equal footing with other methods 
of reducing emissions.”147 Such regulations define 
“emissions limits based on the amount of pol-
lution produced per unit of useful output (e.g. 
pounds of sulfur dioxide per megawatt-hour of 
electricity).”148 More specifically, output-based 
regulations include both output-based emission 
standards and output-based allocations of emis-
sion allowances within a cap and trade program.149

In short, output-based emissions regulation de-
creases emissions in the energy generation pro-
cess by recognizing the efficiency of plants—for 
example, combined heat and power (CHP). 
Moreover, output-based emissions allow com-
parisons between different technologies by using 
a common unit for their emissions rather than 
more varied units of measuring input fuels. With-

http://www.epa.gov/chp/state-policy/output.html
http://www.aceee.org/sector/state-policy/toolkit/chp/emissions
http://www.aceee.org/sector/state-policy/toolkit/chp/emissions
http://www.epa.gov/chp/documents/obr_final_9105.pdf
http://www.epa.gov/chp/documents/obr_final_9105.pdf
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150 See: “Output-Based Emissions Standards for Distributed Generation,” Regulatory Assistance Project Issues Letter, July 2003. (RAP 2003)
151 Ibid.
152 Ibid.
153  Neeharika Naik-Dhungel, “Output-Based Regulations: Best Practices Option for CHP,” U.S. Environmental Protection Agency Combined 

Heat and Power Partnership, July 13, 2011. (http://www.intermountaincleanenergy.org/events/2011-07-13/Output-Based_Regulations.pdf).

out using output-based regulations, the thermal 
energy outputs of CHP will not be able to be in-
cluded in emission calculations.

In 2003, the Regulatory Assistance Project (RAP) 
released a national model emission rule for dis-
tributed generation systems.150 RAP noted that 
in the long-run, “the industry, the electric system 
and the environment will be better served by a 
set of like rules across states and regions” rather 
than “a hodgepodge of inconsistent and even in-
compatible rules” with each region setting its own 
standards and requirements.151 Many different 
technologies and fuel types are included in DPS 
and these different types allow for different emis-
sions characteristics. Therefore, RAP attempted 
to formulate a rule that is “intended to regulate 
the emissions of a class of generators that are not 
covered, or not covered consistently, under ex-
isting state or federal regulations.”152 The model 
rule regulates five air pollutants: nitrogen oxides, 
particulate matter, carbon monoxide, sulfur diox-
ide and carbon dioxide. Therefore, output-based 
emissions regulation serves not only to encour-
age DPS, but also to ensure that air quality is en-
hanced regardless of the fuel type and generation 
source. The proposed RAP Model Rule for out-
put-based emissions calculates credits for thermal 
output avoided through the use of CHP systems.
 
Currently, seventeen states have some sort of 
output-based emissions regulation (see Annex 
2). There are several forms in which output-based 
emissions regulations can occur: conventional 
emission limits (such as California or Texas), 
small distributed generation policy (such as Con-
necticut), allowance trading (such as Massachu-
setts) or allowance set-asides (such as Indiana) 
and emissions performance standards (such as 
California, Oregon and Washington).153

Strategies and Targets

Climate Action Plans

Climate Action Plans are developed by states to 
reduce their contribution to climate change. The 
effectiveness of Climate Action Plans is depen-
dent upon the clarity of stated policies, the types 
of incentives and the existence of emissions re-
duction targets.

 identify cost-effective 
opportunities to reduce GHG emissions that 
are relevant to the state.

 represent the 
commitment by a state to reduce its GHG 
emissions by a certain level within a specific 
timeframe.

Source: Pew Center on Global Climate Change

Climate Action Plans are important for dis-
tributed power systems because they formulate 
the overall direction for climate policy in the 
state providing investors and customers with a 
stable and transparent decision-making envi-
ronment. The recommendations of Climate Ac-
tion Plans often include many of the other in-
centives and policies discussed in this report.  
Currently, thirty-six states have completed Cli-
mate Action Plans, with an additional two states 
in the process of doing so (See Annex 2). 

GHG Emissions Targets

A greenhouse gas (GHG) emissions target is of-
ten included within Climate Action Plans and is 
generally considered a key policy component for 
reducing the effects of climate change, as well as 

http://www.intermountaincleanenergy.org/events/2011-07-13/Output-Based_Regulations.pdf
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154  “Plug-in Electric Vehicles,” The PEW Center of Global Climate Change. Updated: August 10, 2011. (http://www.pewclimate.org/what_s_
being_done/in_the_states/plug_-_in_electric_vehicles)

155  Lisa Schwartz, “Tour of Smart Grid Projects and State Policies,” The Regulatory Assistance Project (Presentation to the Oregon Public Utility 
Commission, September 9, 2009).

156  “Utility-Scale Smart Meter Deployments, Plans & Proposals,” Institute on Electric Efficiency, September 2011. (http://www.
edisonfoundation.net/iee/issuebriefs/SmartMeter_Rollouts_0911.pdf)

157 Ibid. See Annex 2 for a summary of state smart meter deployment.
158  See Annex 2 for Edison Electric Institute’s summary of state actions in this area. Also, see the following for a summary of recent state level 

legislative and regulatory activities: “Demand Response & Smart Grid – State Legislative and Regulatory Policy Action Review: May 2010 – 
June 2011,” Association for Demand Response & Smart Grid.

a mechanism to support renewable DPS. Accord-
ing to the Pew Center, twenty-three states have al-
ready implemented GHG emissions targets. These 
states generally have targets for reducing emis-
sions to levels of a predetermined past year by a 
certain deadline year in the future (see Annex 2).
 
PHEV Policy

PHEVs have gained more attention in recent years 
and represent a potential key component of DPS 
as storage devices connected to the grid. Plug-in 
hybrid electric vehicles are promoted principally 
through three types of policy mechanisms: fleet 
vehicle acquisition requirements, preferred road-
way and parking access and financial incentives. 
The first category involves mandates for certain 
fleets in the state to acquire PHEVs. The second 
type of policy provides access to certain lanes and 
parking areas to PHEVs. Financial incentives in-
clude credits, rebates, grants and other approaches 
to promote PHEVs. There are currently 35 states 
that have some sort of PHEV policy involving a 
combination of these policies.154

 
Smart Grid Policy
 
The drivers for state smart grid policies vary but 
generally include concerns about climate change 
and the desire to add renewable capacity, the  
deferral of costly new power plants or transmission 
lines, the need for higher levels of efficiency and 
demand response, supporting mass deployment of 
electric vehicles and ensuring reliability.155 The Insti-
tute for Electric Efficiency (IEE) notes that 27 mil-
lion smart meters have been installed in the United 

States as of September 2011 and estimates that by 
2015 approximately 65 million will be deployed, 
representing 54 percent of U.S. households.156 IEE 
also calculates that 20 states and the District of Co-
lumbia have deployed smart meters to more than 
50 percent of end users.157 In addition, about 12 
states have instituted some regulatory action for 
smart grid cost recovery, including adjustable tariff 
riders, surcharges and rate-base recovery.158

4.3 Local Rules 

Different states, counties and municipalities have 
their own regulations and permitting rules for the 
construction and installation of distributed power 
systems, involving noise ordinance, land-use re-
strictions and other siting and zoning issues. State 
and local zoning boards, state and local environ-
mental protection agencies, as well as the Federal 
Bureau of Land Management may all be involved 
to different degrees. In some regions, permitting ju-
risdiction is subject to both local and state require-
ments. This has significant impact on cost-benefit 
analysis for small-scale distributed power systems 
because it requires installers to not only consider 
the physical characteristics of potential sites for 
DPS but also the perceptions of the community, 
the local government and the state government to-
ward DPS. In short, local rules can add significant 
costs to projects, especially for smaller companies 
or residential customers who do not have the re-
sources or awareness to navigate the process. 

Several states are trying to address these local is-
sues. Recently Colorado passed HB 1199, the Fair 
Permit Act, which will “limit solar permit and re-

http://www.pewclimate.org/what_s_being_done/in_the_states/plug_-_in_electric_vehicles
http://www.pewclimate.org/what_s_being_done/in_the_states/plug_-_in_electric_vehicles
http://www.edisonfoundation.net/iee/issuebriefs/SmartMeter_Rollouts_0911.pdf
http://www.edisonfoundation.net/iee/issuebriefs/SmartMeter_Rollouts_0911.pdf
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159  “Colorado Legislature Cuts Permit Fees for Solar Installations,” Renewable Energy World Network, May 5, 2011. (http://www.
renewableenergyworld.com/rea/news/article/2011/05/colorado-legislature-cuts-permit-fees-for-solar-installations)

160  See: “Solar Permitting Best Practices: Streamlining the Solar Permitting Process,” The Vote Solar Initiative. (http://votesolar.org/best-practices/)
161  “Decision Adopting the Renewable Auction Mechanism,” Rulemaking 08-08-009 before the Public Utilities Commission of the State of 

California, Filed August 21, 2009. (http://docs.cpuc.ca.gov/word_pdf/AGENDA_DECISION/127465.pdf)
162  “California approves reverse auction renewable energy market,” Reuters, December 16, 2010. (http://blogs.reuters.com/

environment/2010/12/16/california-approves-reverse-auction-renewable-energy-market/).
163 “Connecticut HB 7432 - An Act Concerning Electricity and Energy Efficiency: Sec. 21(1),” January 2007.

lated fees to a local government’s actual costs in 
issuing the permit, not to exceed $500 for residen-
tial installation or $1,000 for a commercial sys-
tem. The bill also closed loopholes and improves 
transparency in the permit process.”159 In addi-
tion, the Vote Solar Initiative has developed best 
practice guidelines addressing fees and streamlin-
ing a variety of administrative requirements.160

 
4.4 Other Recent Policy Initiatives 

There are several other specific policy mecha-
nisms that are gaining traction among policy 
makers. Here we highlight several of the more 
relevant for renewable energy and DPS.
 
Reverse Auction Market

In December 2010, the California Public Utili-
ties Commission (CPUC) approved a reverse 
auction market (RAM) to allow renewable en-
ergy developers to bid on small-scale projects 
that would generate up to 1000 MW in Califor-
nia, to be shared among Pacific Gas & Electric, 
Southern California Edison and San Diego Gas 
& Electric.161 The market is for renewable elec-
tricity projects with a generation capacity of up 
to 20 MW. Such small-scale plants are preferred 
because they can be constructed relatively quick-
ly and connected to the grid without significant 
transmission upgrades.

According to the new regulation, developers will 
be required to calculate the cost of the projects 
in order to offer bids. Those bids need to be both 
high enough to generate profits and also low 
enough to be competitive. The expectation is 

that such an approch will avoid the concerns as-
sociated with feed-in tariffs. As previously noted, 
a major challenge with FITs is the difficulty of 
setting appropriate prices and determining the 
impact on ratepayers. In creating the RAM, the 
CPUC noted that: “Providing a clear and steady 
long-term investment signal rather than provid-
ing a pre-determined price can create a competi-
tive market.”162

Energy Improvement Districts
 
Energy Improvement Districts (EID)—also re-
ferred to as Neighborhood Energy Partnerships 
and Energy Independence Districts—refer to a 
concept in which multiple participants are allowed 
to form a separate entity to finance and administer 
their own energy resources within a defined geo-
graphic area. This builds on the business improve-
ment districts developed several decades ago to 
address a variety of local issues and services, such 
as sanitation. The EID allows participants to share 
costs, benefits and administrative requirements in 
financing and implementing energy projects. EIDs 
are usually accorded legal status and permitted to 
issue bonds, as well installing wires. Connecticut 
established legislation in 2007 creating EIDs and 
identified customer-side distributed resources, 
grid-side distributed resources and combined heat 
and power systems as “energy improvement dis-
trict distributed resources.”163

One key related issue to EIDs is the issue of “private 
wires.” This refers to the ability of an on-site owner 
of a generation facility to serve adjacent customers 
through privately-owned distribution lines, i.e., not 
using the local utility’s network.164 Typically, private 

http://www.renewableenergyworld.com/rea/news/article/2011/05/colorado-legislature-cuts-permit-fees-for-solar-installations
http://www.renewableenergyworld.com/rea/news/article/2011/05/colorado-legislature-cuts-permit-fees-for-solar-installations
http://votesolar.org/best-practices/
http://docs.cpuc.ca.gov/word_pdf/AGENDA_DECISION/127465.pdf
http://blogs.reuters.com/environment/2010/12/16/california-approves-reverse-auction-renewable-energy-market/
http://blogs.reuters.com/environment/2010/12/16/california-approves-reverse-auction-renewable-energy-market/
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164  For a discussion of this issue, see: “The Effect of Private Wire Laws on Development of Combined Heat and Power Facilities: Pursuant to 
Section 1308 of EISA 2007,” U.S. Department of Energy, January 12, 2009.

165  See: “Burrstone Energy Center LLC – Petition for a Declaratory Ruling That the Owner and Operator of a Proposed Cogeneration Facility 
Will Not Be Subject to Commission Jurisdiction: Declaratory Ruling on Exemption From Regulation,” State of New York Public Service 
Commission Case 07-E-0802, August 22, 2007.

166  “California – Net Metering,” Database of State Incentives for REnewables & Efficiency (DSIRE), Updated: October 13, 2011. (http://www.
dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA02R)

167  “Virtual Net Metering,” California Public Utilities Commission, Last modified: July 29, 2010. (http://www.cpuc.ca.gov/PUC/energy/
DistGen/vnm.htm)

168 “Community Choice Aggregation,” PG&E. (http://www.pge.com/cca/)
169 “Community Choice Aggregation,” Local Government Commission. (http://www.lgc.org/cca/docs/cca_energy_factsheet.pdf)
170 “What is Community Choice Aggregation?” Local Government Commission. (http://www.lgc.org/cca/what_is_cca.html)
171 “Community Choice Aggregation,” Local Government Commission. (http://www.lgc.org/cca/docs/cca_energy_factsheet.pdf)

wires have not been permitted owing to concerns 
over duplication of service, reliability and safety and 
the legal constraint that local electric utilities are the 
sole entity authorized to install wires and provide 
electricity. However, a few jurisdictions are begin-
ning to loosen these restrictions. For example, the 
Public Service Commission in New York ruled in 
2007 that a cogeneration facility could install distri-
bution wires and a pipeline across a public way to 
provide electricity and heat to off-site customers.165

Virtual Net Metering

Virtual net metering allows customers with mul-
tiple non-contiguous accounts to offset consump-
tion at multiple locations. A VNM pilot program 
in California seeks to enable multi-tenant build-
ings to benefit from net metering across multiple 
units. California’s AB 2466 of 2008 allows local 
governments to distribute bill credits from a re-
newable energy system across more than one 
meter. Originally, VNM was only available to cus-
tomers participating in the Multifamily Afford-
able Solar Housing program, but was extended 
to all multi-tenant properties and all distributed 
generation technologies.166

Multi-tenant buildings have historically faced 
problems in DPS installation because of the dif-
ficulty of connecting the system to multiple loads 
while ensuring the equitable distribution of the 
power produced. Installing multiple DPS would 
also be cost-prohibitive. By allowing DPS to be 
connected to a single delivery point, the produced 

energy is fed back onto the grid instead of directly 
to the tenants. The utility then “allocates kilowatt 
hours from the energy produced by the [distrib-
uted] generating system to both the building 
owners’ and tenants’ individual utility accounts, 
based on a pre-arranged allocation agreement.”167

Community Choice Aggregators (CCAs)

The Community Choice Aggregators program, 
established in California by AB 117 allows service 
areas to purchase and/or generate electricity for 
themselves while the utilities deliver the electric-
ity through their transmission and distribution 
systems.168 It allows Californian cities to supply 
their own electricity to customers within a lim-
ited area,169 and local regions can aggregate the 
electric loads of all residents and businesses in the 
area in order to facilitate the purchase and sale of 
electrical energy. Individuals are able to opt-out 
of the program.170 The program provides commu-
nities with the option to increase their renewable 
fuel sources if they so desire and to chose the fuel 
mix for their own energy use. Besides Califor-
nia, CCAs also exist in Ohio, Massachusetts and 
Rhode Island.171

 

Master Limited Partnerships for Renewable Energy 
Projects

A Master Limited Partnership (MLP) is a type of 
business structure “that is taxed as a partnership, 
but whose ownership interests are traded on fi-
nancial markets like corporate stock.”172 The dif-

http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA02R
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA02R
http://www.cpuc.ca.gov/PUC/energy/DistGen/vnm.htm
http://www.cpuc.ca.gov/PUC/energy/DistGen/vnm.htm
http://www.pge.com/cca
http://www.lgc.org/cca/docs/cca_energy_factsheet.pdf
http://www.lgc.org/cca/what_is_cca.html
http://www.lgc.org/cca/docs/cca_energy_factsheet.pdf
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172  Molly F. Sherlock and Mark P. Keightley, “Master Limited Partnerships: A Policy Option for the Renewable Energy Industry,” Congressional 
Research Service, June 28, 2011. (CRS 2011).

173 Ibid.
174 Ibid.
175 John Joshi and Malay Bansal, “The Case For Master Limited Partnerships,” AOL Energy, July 20, 2011.

ference is that, for tax purposes, partnerships are 
“generally subject to one layer of taxation in con-
trast to publically-traded… corporations, which 
are subject to two layers of taxation.”173 As a re-
sult, combining benefits of two types of business 
structures means that MLPs can secure capital at 
lower costs because they have both access to more 
capital and favorable tax treatment.174 There is ris-
ing interest in using MLPs as mechanism to pro-
vide additional financing for renewable energy 
projects.175 However, legislation generally has ex-
cluded renewable energy entities from access to 
MLP status.

4.5 Summary Observations 

There are a wide variety of policy mechanisms 
that have an impact on DPS—both directly and  
indirectly—developed and implemented by en-
tities at the federal, state and local levels. These 

tools can be more market-based to leverage and 
promote private sector activity and interest, or 
rely on more direct government involvement in 
the market. They can be designed to influence 
quantity or price. They can be technology neutral, 
or designed to support a specific technology. Cur-
rently the states have the most robust role, and the 
leading policies in support of DPS and renewable 
energy generally, are RPS, net metering and inter-
connection standards, and selected financial in-
centives, principally tax credits and exemptions, 
rebates, loans and grants.
 
The following chapter includes responses from a 
wide range of stakeholders in the power sector on 
the effectiveness of existing policy tools and in-
stitutional roles and potential areas for improve-
ment. 
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CHAPTER 5

176 The survey instrument was also used to supplement the outreach to other selected stakeholders, including utilities.

Given the broad range of applications that DPS 
technologies serve—from merchant power 
sales by independent power producers and 

utility-owned distributed resources to residential 
systems, waste heat recovery and emergency back-
up generation—any attempt to provide a compre-
hensive analysis of existing policies necessitated 
outreach to a large number of public- and pri-
vate-sector entities. The research team conducted 
qualitative research—interviews and opinion sur-
veys—to obtain input from a variety of stakehold-
ers. In the interests of obtaining frank and accurate 
feedback, this qualitative research was conducted 
on the condition of non-attribution. 

The research team received inputs from 79 insti-
tutions or individuals (by survey or interview) 
including: federal government (1), state energy 
departments (5), state public utility commissions 
(20), investor-owned utilities (15), other utilities/
industry entities (6), private developers and fi-
nancial institutions (13), non-profit organizations 
(8) and other (11). 

The research team designed a questionnaire to so-
licit the views of the PUCs who play a pivotal role 
in setting the policy framework for power genera-
tion and delivery in the United States. The survey 
covered major policy issues surrounding DPS (see 

Appendix 2) and was sent to PUCs in the 50 states 
and the District of Columbia.176 Of those sent out, 
20 completed surveys were received. 

The outreach, through both the interviews and 
the surveys, aimed to gather respondents’ views 
and opinions on: 

•	 The drivers and benefits of DPS
•	 The costs and barriers to DPS
•	 The role of policy makers in DPS 
•	 The effectiveness of DPS-related policy 

mechanisms 
•	 Other relevant DPS-related trends and is-

sues

5.1 Drivers and Benefits of DPS 

Drivers
 
Participants in the research cited several under-
lying drivers for greater recent attention to DPS. 
The most prominent were incentives and man-
dates that have resulted from environmental 
policies. In the last decade policy makers have 
increasingly prioritized the objective of reducing 
CO2 emissions, primarily through the promo-
tion of renewable energy resources. The principal 
policy tools used to promote deployment of these 
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resources are state renewable portfolio standards 
(RPS) and financial incentives such as tax credits, 
rebates, loans and grants. Ambitious RPS initia-
tives present an increasing challenge to the pow-
er industry to meet mandated renewable energy 
targets, providing a boon to solar, wind and other 
zero-carbon generation sources. To the extent that 
these technologies are deployed at small scale in 
close proximity to load, RPS can have a direct ef-
fect on the deployment of DPS applications. A 
second and related factor is the declining costs of 
small-scale generation technologies, such as solar 
photovoltaic cells and electrochemical fuel cells 
and storage modules. 

Combined with financial incentives, falling tech-
nology costs make investments in DPS more at-
tractive relative to centralized sources of genera-
tion. The third major driver of recent DPS deploy-
ment is constraints on current and future power 
system assets. At the generation level, uncertainty 
over the cost and competitiveness of coal and nu-
clear power plants has left utilities looking for ways 
to meet increased power demand and reliability re-
quirements while minimizing risk and large-scale 
capital outlays. With regard to transmission and 
distribution, system bottlenecks and congestion 
combined with the difficulty in siting new power 
lines, provides further incentive to locate smaller 
generation sources nearer to end users. 

Benefits

The majority of DPS benefits cited by respon-
dents to the research were related to their ability 
to reduce stress on the existing power sector in-
frastructure. Some respondents saw the primary 
implication of this benefit as improved system 
reliability and decreased vulnerability of the grid. 
For others the implications of this benefit were 
the ability to offset or defer the costs of new or up-
graded generation, transmission and distribution 
assets. Others saw DPS as having the potential to 
reduce the environmental impacts of power gen-

eration through avoided large-scale power plant 
construction, avoided peak operation of existing 
power plants and avoided land use for long dis-
tance transmission lines. A majority of respon-
dents highlighted the region- and application 
specific nature of the benefits of DPS and the need 
to assess the latter in context.
 
DPS as a System Asset

Many respondents expressed the view that DPS 
provides additional resources to an increasingly 
constrained system, allowing “mitigation of port-
folio risk in the long run” in the words of one 
former PUC chairman. A rural cooperative util-
ity representative said that DPS is viewed as a “re-
source for dispatch or peak shaving” and that in 
general renewables were seen as a hedge and part 
of a broader portfolio. One former PUC commis-
sioner stated that policy makers like DPS for the 
increased capacity and reliability it provides. A 
merchant utility indicated that “we think there are 
synergies on cost and value in deploying DPS that 
are not easy to realize with more centralized util-
ity scale generation.” One IOU said it was “getting 
much closer to thinking of [DPS] as a resource.” A 
developer saw DPS as a way to mitigate “declining 
asset utilization” and the “increased peakiness” 
of the power system—a reference to the greater 
peak-load demands on the grid and the related 
requirements to plan around them. 

Most Commonly Cited Benefits of DPS:

• Reduce vulnerability of the power system

• Provide back-up generation to improve system reli-

ability

• Reduce environmental impacts of power generation 

• Offset costs of new or upgraded transmission and 

generation assets

Typical comments across all categories of respon-
dents identified DPS as a resource to avoid or 
defer transmission or distribution (T&D) invest-
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ments: “Everywhere there is some long-run mar-
ginal cost for power systems that DPS can avoid—
it is a system resource,” said one respondent.

Increased Efficiency and Security 

Others saw the increased deployment of distrib-
uted generation and storage as contributing to a 
more efficient and cost-effective planning pro-
cess for the distribution system. Rather than the 
traditional approach that satisfies new load by 
building capital-intensive (fossil) power plants, 
these respondents saw DPS as enabling planning 
to be tailored to the needs of specific distribution 
circuits. Such an approach has “huge advantages 
in avoided distribution system costs,” said one re-
spondent. Some utilities saw the potential for DPS 
to reduce load and provide T&D benefits and said 
they are trying to figure out how to integrate DPS 
into their planning processes.

“Everywhere there is some long-
run marginal cost for power sys-
tems that DPS can avoid—it is a 
system resource.”

ngO representative

 
When asked about the principal benefits of DPS, 
most PUC respondents saw significant benefit 
from DPS in reducing the vulnerability of power 
systems and reducing environmental impacts, 
with more than half agreeing that these two fac-
tors are among the top three benefits. Notably, 
none of the 20 PUCs participating in our research 
said that DPS had no benefits. 

Many participants cited the security-related ben-
efits of DPS, particularly their ability to “hedge” 
against blackouts and to provide diversity of sup-
ply in a system reliant on a limited number of cen-
tral facilities. The security issue was particularly 
highlighted by those in the CHP sector.

Regional and Application-specific Benefits

Some respondents also made a distinction be-
tween different modes of DPS deployment when 
assessing the benefits. According to several IOUs 
interviewed, one of the difficulties of defining the 
benefits of DPS is the conflation of two differ-
ent kinds of application: those on the customer 
side of the meter that use net metering or other 
mechanisms to provide a reduction in overall 
grid-served customer demand; and those small 
distributed power-supply resources eligible under 
PURPA to resell their generated power. 

“How we look at the benefits of those systems is 
whether the customer generation is being used to 
lower the impact to the grid or whether there is 
an additional resource that needs to be integrat-
ed into the system and put into the retail service 
mix,” said one IOU executive. 

There was broad consensus among IOUs inter-
viewed that DPS on the customer side of the me-
ter that led to a reduction in end-user demand 
provided greater predictability and value to the 
utility than small generators designed to sell pow-
er to the utility that had to then resell it to other 
customers. 

One common theme that emerged was the ben-
efits of “localization” that DPS provide. This was 
mentioned numerous times both in the context 
of specific benefits of increasing efficiency and re-
ducing costs, but also from a perspective of pro-
viding more control over decision-making and 
resources. An NGO respondent stated that “DPS 
in general gives more local control over how en-
ergy is produced and used; whether on a state, 
municipal or local level it offers a lot of control…
relating to long-term assurance of prices and lim-
its them being subject to the whims of regulatory 
process.” 
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Many respondents (mostly developers), focused 
on the benefits at the project level. These observ-
ers focused on the ability of DPS to provide cost 
savings for the customer and to address location-
specific challenges, such as land-fill reduction 
through the increased use of biogass. A utility ex-
ecutive observed that once DPS are used to solve 
an issue on one point in the distribution system 
the same design can be replicated elsewhere. 

Other Notable Comments

•	 Job creation: Several respondents said 
that DPS can provide job creation; these 
comments focused on how DPS can pro-
vide multiplier effects in the local economy 
that may be greater than those provided 
by central power plants. However, PUCs 
did not share this view; none categorized 
DPS as having high economic benefits.  

•	 Market transformation: Some respon-
dents saw DPS, especially when com-
bined with smart grid innovations such 
as advanced metering infrastructure, as 
having the potential to change the way 
end-users think about their electricity 
and where it comes from. 

5.2 Costs and Barriers

The “barriers” to greater DPS penetration varied 
according to the interests and affiliation of the re-
spondents. Disagreement between stakeholders 
over what constituted a barrier—as opposed to a 
legitimate technical requirement or cost or an is-
sue subject to economic and political preference 
—provides valuable insight into the challenges 
facing DPS. The major barriers cited were:
 

•	 Costs
•	 Technical issues
•	 Lack of policy durability and standard-

ization

•	 Lack of research and information 
•	 Regulatory framework and existing util-

ity business model; and 
•	 The current economic and political climate 

Costs

A commonly cited challenge among all respon-
dents—including the overwhelming majority of 
PUC respondents—was financial cost and cost 
allocation associated with DPS, whether the up-
front costs of the generation assets themselves; 
the cost of interconnection of generation assets 
with the existing distribution system infrastruc-
ture; or the unknown costs to the power grid of a 
large addition of DPS capacity to the grid.

The IOUs’ focus was on how to limit the impact 
of the costs of increased DPS penetration on 
rate payers, ensure fairness and take engineer-
ing challenges into consideration. In the words 
of one utility executive, “the number one thing 
is the cost gap between distributed technologies 
and the grid price. The solution is not to raise the 
grid price; this doesn’t make economic or political 
sense.” Another utility provided a comment that 
seemed to bridge the gap in accounting for long 
term benefits and limiting cost impacts by citing 
the need for mechanisms to compensate utilities 
for considering all options on the table. 

Utilities, which said that the rate impact of DPS 
integration is “top of mind,” tend to see initiatives 
that incentivize distributed generation as driving 
rates upward. IOUs expressed concern that cer-
tain programs aimed at incentivizing DPS, such 
as solar rooftop, result in a subsidization of par-
ticipants (those who own and operate the solar 
rooftop systems) by non participants (those not 
participating in the DPS program). In such cases, 
they say, all ratepayers bear the costs of financial 
incentives, the costs of interconnection, and the 
costs of possible stranded assets at the distribu-
tion level, while only participants benefit.
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There was concern among utilities that higher 
penetration of small scale generation will mean 
higher costs of integration—owing to greater 
system variability—and that these costs will also 
have to be borne by all ratepayers—both partici-
pants and non-participants. In this case, partici-
pants receiving the benefits of the distributed en-
ergy generation are receiving a subsidy for the in-
stallation and/or output of the DPS assets, as well 
as avoiding the costs associated with connecting 
their DPS to the grid. These costs are instead 
borne by the utility and therefore passed on to 
other customers through higher electricity rates.

“Somebody needs to do a better 
job of assessing the whole value of 
DG.”  

Former state PuC Chariman

While customers pay some of the costs of inter-
connections for most residential DPS applications, 
these customers are typically subsidized for the 
capital costs of the technology. Utilities expect in-
creasing political pressure to rate base these costs 
(build them into the rates paid by all customers). 
Depending on the size of the DPS resource and the 
specific rate structure in place, rate impacts for non 
participants can become particularly pronounced. 

Although costs for some technologies are de-
creasing, stakeholders also acknowledged that 
most DPS technologies are still more expensive 
than current utility-supplied power (See Chapter 
2 for an analysis of the costs of DPS technologies 
relative to centralized power).
 
However, many respondents also observed that 
the full economic benefits of DPS are not well 
known and that quantification of the longer-term 
benefits, in particular, would go a long way to in-
creasing the adoption of such systems.
 
One former PUC commissioner observed: “In 
measuring the value of DG, such as offsets on 

transmission and distribution investments and 
increased reliability, I never knew what to do with 
these arguments—somebody needs to do a better 
job of assessing the whole value of DG.” Several 
respondents said that such an assessment would 
be of particular value for PUCs, who need a clear-
er idea of the benefits of greater DPS so they can 
evaluate whether such systems are in rate payers’ 
interests.

Several respondents cited the lack of differenti-
ated pricing for power consumption and the lack 
of the internalization of emissions costs as major 
barriers to increased DPS deployment. These is-
sues are not related solely to DPS.

Another potential economic barrier raised by one 
respondent was local permitting costs for DPS, 
stating, “according to one estimate, the overhead 
for city and county permitting, zoning and other 
regulations and approvals for DPS can add 50 
cents per installed watt.” 

Technical Issues

There was less agreement among respondents 
around the issues of technical and reliability-re-
lated “barriers” of DPS integration. While many 
developers see interconnection requirements 
as an obstacle to be overcome through simplifi-
cation and standardization, many utilities and 
PUCs maintain that safety and reliability issues 
necessitate the current requirements. 

Many participants pointed out that the funda-
mental structure and operation of the electric in-
dustry presents a technical challenge to deploying 
more widespread DPS: “the system was simply 
not designed for a lot of generation on the distri-
bution side,” said one respondent. “Power flows in 
one direction,” said another. Power plants and the 
delivery system were designed to “serve load and 
that load was not asked to do anything.” 
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Several IOUs pointed out the challenges of in-
tegrating an increasing number of distributed 
generation resources into local circuits. One util-
ity industry representative stated that a “lot of 
technical engineering is required before benefits 
can be evaluated let alone implemented.” IOUs 
stressed the importance of ensuring that new DPS 
systems do not disrupt system reliability for other 
customers and that they do not adversely “affect 
the neighbors.” Another major technical issue for 
utilities was the need for communications infra-
structure to enable utilities to interact with the 
growing number of distributed resources. Such 
communications are necessary, say the IOUs, to 
enable utilities to accommodate the new genera-
tion capacity and to forecast available resources. 
Several IOUs expressed a desire to see new com-
munications standards to enable such informa-
tion exchange between distributed resources and 
the utility. 

IOU representatives also said that there was an 
urgent need for more research and development 
work on the system impacts of increasing DPS 
integration, including analysis on the amount of 
low-cost storage that will be required to smooth 
out the variation of power output that results 
from the connection of large amounts of inter-
mittent generators. They admitted that a barrier 
to such analysis was reluctance among utilities to 
share technical information. 

One particular technical issue raised by both 
utilities and non-utilities was the challenge of in-
terconnecting DPS to the grid (additional com-
ments specific to state-level net metering and 
interconnection policies are provided in Section 
5.4). In the views of the PUC respondents, in-
terconnection requirements are one of the three 
principal barriers to DPS adoption. This perspec-
tive was echoed by several state energy officials, 
one of whom indicated that “code had yet to be 
cracked” with regard to the integration of DPS 
and network distribution systems. An NGO rep-

resentative noted that “for most customers it does 
not take much for them to stand down and back 
off from the utilities and this then gives signals to 
others to back off.”

Many developers said that, despite numerous 
states having implemented interconnection stan-
dards, “utilities can still put up barriers.” Accord-
ing to this view, the issue is that utilities are still 
asking for more—for example, equipment, stud-
ies and other requirements—than might be re-
quired in standard agreements. Several expressed 
the view that utilities’ control of the distribution 
system gave the latter an unfair level of control 
over the fate of DPS applications. In the words of 
one: “[utilities] determine the value proposition. 
They can kill a project with standby charges and 
unnecessary interconnection requirements. It’s 
never a level playing field.”
 
The utility view was different. Utilities cited what 
they called legitimate technical concerns, espe-
cially the need to change protection schemes for 
network distribution systems. Several IOUs ob-
served that the increased prevalence of DPS was 
likely to cause complications under existing oper-
ating frameworks: existing IEEE standards, they 
said, address a single distributed asset in a system, 
but did not take account of the aggregate effect 
of multiple DPS applications. Several utility ex-
ecutives said that this issue was being exacerbated 
by a push by states to increase the limits on the 
amount of power eligible for net metering. With 
megawatt-scale DPS projects being promoted, 
utilities say they do not have the technical tools 
available to understand the impacts such large 
generators will have on the overall system: “Un-
til the 2 MW net metering limits were imposed, 
we didn’t have any issues with the smaller projects 
—but once you get that [net metering] number, 
you start to see significant issues with multiple 
projects proposed on the same 13kv circuit: this 
becomes a real issue on how we manage that for 
our customers.”
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177 This was a comment from a utility that was passed along by one of the participants in our outreach.

One utility industry representative noted that the 
model interconnection contracts, procedures and 
technical requirements in place for small gen-
erators were working well. In his view, the main 
source of problems between utilities and small 
generators relates to the requirements for local 
disconnects, indemnification and utility access to 
inspect projects. 

Lack of Policy Durability and Standardization 

A major issue raised throughout our discus-
sions was the need for consistent and sustained 
policies. Both public and private sector respon-
dents expressed the view that policies that vary 
by jurisdiction, change frequently, or are in place 
only a short time create an unstable investment 
environment for businesses, and can be confus-
ing to customers. Study participants called for 
“policy survivability,” “consistency of purpose 
and vision,” greater harmonization of policies and 
longer-term implementation of policy tools. This 
theme was cited widely across the spectrum of re-
spondents. Specific comments included: 

•	 “The technologies are there but the game 
is so impossible to understand. Clients 
are planning at 3-5 year business cycles, 
but tax credits, rebates etc., are changing 
every couple of years. To move to DPS we 
need certainty over 10 years.” (developer)

•	 “There is market friction: the process 
with local, state and federal [entities] fit-
ting all these things together is very dif-
ficult, especially for small companies to 
navigate.” (venture capital firm)

•	 “The freeze and thaw approach is not 
helpful.” (NGO)

•	 “We operate in six states and have six dif-
ferent strategies for DG.” (utility)177

•	 “Rules are different across 39 different 
balancing authorities and 50 states; it’s 
confusing and not uniform.” (storage 
technology company)

There was also a common view that policymak-
ers need to monitor and evaluate policies that are 
in place and to refine them over time to adapt to 
changing market circumstances. According to 
this view, there needs to be greater understand-
ing that a policy is not an end in itself, but rather 
a working guide to meeting overall goals. One 
respondent noted that there is “a learning curve 
and [a need to] hammer out details once a policy 
is in place.” For their part, state government offi-
cials acknowledge that such fine-tuning of policy 
and regulation takes time and has to contend with 
internal processes that are often slower-moving 
than the market’s needs. 

Lack of Research and Information

Nearly all respondents cited the lack of research 
and quantitative data on the costs, benefits and 
effects of greater DPS penetration as a barrier. 
Another frequently cited barrier was the lack of 
knowledge among—and information exchange 
between—PUCs, state legislators and custom-
ers regarding DPS technologies. One respondent 
indicated that the technologies have advanced 
significantly and, in some cases, costs have come 
down, but that the regulations in place and the 
knowledge among major stakeholders to under-
stand the implications of these changes have not 
kept pace. These challenges were cited promi-
nently by stakeholders in the storage and CHP 
businesses. Those identified as most in need of 
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178  One former PUC chairman also noted an indirectly-related issue for state utility regulatory commissions: “Another problem with state 
regulation is the relatively short life of a commissioner’s term—average service life is 2.7 years. We need to account for lack of experience. 
There is also more partisanship in state regulation that there used to be.”

179  This is not a new observation: nearly a decade ago, one major assessment on distributed energy resources noted that “for distributed 
generation to be successful, the utility business and regulatory model need to be changed.” See: Amory B. Lovins et al, Small is Profitable: 
The Hidden Economic Benefits of Making Electrical Resources the Right Size (Colorado: Rocky Mountain Institute, 2002), p.356.

more DPS-related information and knowledge 
were state PUCs, state legislators and customers. 
Some illustrative comments include:178

 
•	 “We need to be able to bring PUCs and 

legislators up to speed on the technolo-
gies and what’s available and benefits.” 
(storage technology company)

•	 “There is a total lack of awareness of CHP 
at the PUC level—we fight with this all 
the time.” (CHP NGO)

•	 “What is most important is educating 
regulators.” (IOU)

•	 “We play a role in providing a layman’s 
version to the legislators. The learning 
curve is high for customers too: they’re 
not in the business of selling power and 
sometimes DG costs more than a car. 
They are being sold ‘savings’ and ‘being 
green’ but don’t have the knowledge yet.” 
(state government energy official)

A related issue is that many institutions, includ-
ing utilities, state governments and PUCs, may 
not have the human and financial capacity to keep 
pace with advances in DPS technologies and the 
rapidly changing policy landscape, in particular 
the goals and timelines established by legislation 
and other incentives. This is reflected in the chal-
lenge for utilities to keep up with applications for 
interconnection. One state government official 
noted that, despite net metering and interconnec-
tion standards in his state, “utilities have limited 
resources, and nothing requires them to have the 
staff for this. Meanwhile utilities are laying off 
people for reasons with nothing to do with DG.”

Regulatory Rramework and the Existing Utility 
Business Model

Many participants cited the existing regulatory 
framework and business model in the electric in-
dustry as a basic barrier to DPS.179 In states where 
utility revenues and profits are driven by volume, 
DPS can be “antithetical” to utilities’ interests, 
representing a loss of sales. There is “very little 
profit motive for most regulated entities to solve 
the problems that DPS can address [and they] 
don’t always get rewarded for improving efficien-
cy,” said one utility executive. One respondent 
noted that “Most utilities don’t get a mark-up on 
purchased power…This makes the utility at best 
neutral about purchased power if not outright 
negative.”

Another issue raised was that of rate reform; several 
utilities cited the need for differentiated pricing to 
send correct signals on scarcity, change behavior 
and provide an incentive to invest in better de-
mand-side management technologies. 

Several respondents said that many of the regula-
tory issues related to DPS would not be resolved 
until there was a decision on whether DPS repre-
sent an incremental change in an industry whose 
basic centralized structure and business mod-
el remained intact; or whether DPS is a part of 
(or perhaps at the forefront of) a major change 
toward decentralization and a changed role for 
utilities and customers. A central question, posed 
by an IOU executive, but echoed elsewhere was: 
“How is this [distributed] power used—does it 
go beyond satisfying a customer’s need, or go to 
changing the paradigm and reverse engineering 
the system?”
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Advocates for greater penetration of DPS tended 
to call into question the traditional power sector 
mindset that assumes a set level of power demand 
and then builds generation assets to meet it. As 
demonstrated in Chapter 2, when viewed in di-
rect comparison with utility-scale generation, 
some DPS technologies are currently competitive, 
but most are not. Instead of a direct comparison 
using the current framework however, DPS ad-
vocates see them as more than a source of power 
supply and part of a bigger “service and systems” 
approach to power generation and consumption 
that includes advanced communications and con-
trols, smart grid services, demand-side manage-
ment and efficiency. From the utilities’ perspec-
tive, it was clear that their approach to DPS is 
determined primarily by whether or not there is 
a business case—or a profit motive—for the inte-
gration of distributed assets. 

One issue discussed in our outreach was the 
impact of deregulation on DPS. Overall, there 
seemed to be some acknowledgement that gen-
erally de-regulated markets may be more condu-
cive to DPS. One respondent observed that utility 
companies in de-regulated markets are used to 
seeing a variety of different players and dealing 
with competitive forces, which might make them 
less concerned over the threat of lost revenues 
posed by DPS. One CHP developer noted that “it 
is harder to compete with a vertically integrated, 
traditionally cost of service regulated company 
since they have more to lose.”
 
However, our outreach yielded more comments 
indicating that the impact on DPS is much more 
utility-specific (or service-territory specific): “It 
has more to do with the culture of operating the 
wire system (and needs on the distribution wires/
equipment).” Others stated that some utilities are 
more supportive because the marginal cost of 
infrastructure upgrades is so high. One respon-
dent’s observation echoes this theme: “Rather 
than the type of market being relevant, it’s more 

about the utility and its culture, load density and 
ownership.”
 
There were some comments reflecting the view 
that it may be intrinsically easier to deal with 
public power entities. A few comments reflected 
this theme: “For municipals and public power, at 
the distribution level there may be more incen-
tive and influence to implement DPS and renew-
able energy, but in a larger multistate company, 
it’s hard to see the distribution guys with as much 
influence.”

Current Economic and Political Climate

In addition to these specific issues, two broad 
external factors were also cited as barriers to in-
creased DPS adoption: 

•	 The current economic situation: Devel-
opers in particular stated that the cur-
rent economic recession was hurting the 
deployment of DPS. Lack of credit and 
the focus of many businesses on more 
pressing financial concerns reduced the  
attractiveness of DPS-related invest-
ments and led to a focus on other pri-
orities. One developer observed that 
larger banks require bigger projects to 
generate interest, but smaller banks are 
getting mixed signals to make loans but 
also to preserve core capital. He added 
that investors are requiring annual rates 
of return in the mid-teens on their in-
vestments, and that facilities that are 
normally good candidates that would 
accept paybacks of 5 years are not mak-
ing investments unless the paybacks are 
less than 6 months. The current eco-
nomic situation is also reducing aggre-
gate electricity demand (although, not 
necessarily peak demand) thus curtail-
ing the motivation to invest in projects 
that cut energy bills. Another respon-
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180 FERC already plays a role, and both EE and DR are actively bid into the wholesale markets in ISO New England and PJM today.
181  This issue is not related solely to DPS (DPS is one of many resources that could benefit from PRD), and is under discussion by multiple 

policy makers, regulators and other stakeholders.

dent noted that the leveling of demand 
combined with low gas prices was “tak-
ing the play away from renewables.”  

•	 Role of government: The economic 
recession combined with a more pro-
nounced debate over the role of govern-
ment in the economy was also raised by 
several respondents. These participants 
raised the issue of the challenge of imple-
menting policy mechanisms in a time of 
limited financial resources and a focus on 
reducing government support for a vari-
ety sectors, energy included. 

5.3 Policymaker Roles

A fundamental question related to DPS-related 
policymaking is that of jurisdiction. As Chapter 4 
shows, there are a host of policies and regulations 
in place at the federal, state and local levels that 
have a bearing on the deployment and operation 
of DPS. The research team aimed to determine 
the views of stakeholders on the appropriate roles 
for different levels of government.

In general there was a widespread view that there 
is a role for the federal government to establish a 
guiding policy framework—a “supportive web of 
federal policies” in the words of one respondent. 
Many respondents expressed a preference for a 
comprehensive federal policy on energy and cli-
mate rather than a “patchwork” of state policies, 
which can vary widely. Such an overarching policy 
framework would “let utilities or third parties fig-
ure out the least-cost path to carbon reduction,” in 
the words of one utility executive. However, most 
respondents conceded that such comprehensive 
federal legislation was unlikely to materialize and 
many private-sector respondents indicated that 
they are not waiting for this to happen. 

Those supportive of the federal government’s 
role in DPS-related policymaking highlighted its 
ability to “level the playing field” for innovative, 
emerging technologies through tax policy and to 
coordinate the standardization of policy and sim-
plify the process of investment in innovation in 
an effort to create “one big market” for DPS tech-
nologies rather than the “50 different markets”  
that exist today. An example given of effective fed-
eral DPS policy was the provision in the 2005 En-
ergy Policy Act requiring consideration of inter-
connection standards, which encouraged many 
states to open dockets to develop such standards. 

Some respondents viewed FERC’s role in DPS as 
primarily to remove obstacles to state policy in an 
effort to create new wholesale markets for renewable 
and DG. Two areas cited where FERC could play a 
proactive role were promoting demand response 
(DR) and energy efficiency (EE) as resources and 
encouraging price signals from wholesale markets 
to be passed through to retail rates.180 More than 
one respondent said that the promotion of “price re-
sponsive demand” (PRD) provides a model for valu-
ing and incorporating the benefits of DPS.181

At the federal level, PUCs see primary responsibility for 

DPS promotion as resting with the Department of Energy 

in the form of increased R&D support and to improve the 

cost effectiveness of DPS technologies. PUCs saw little 

of no role for the Federal Energy Regulatory Commission 

(FERC) or the Environmental Protection Agency in DPS 

promotion.

A majority of respondents also indicated that the 
states are particularly well suited to design and 
implement policy for DPS. Many respondents ex-
pressed the view that, given their greater knowl-
edge about resource bases, customer profiles and 
concerns, and system designs and constraints, 
states were more likely than federal administra-
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tors to promote effective changes at the distribu-
tion level. Supporting this theme, one participant 
mentioned that given the complexity of the issues 
involved, constant dialogue and communication 
were required among customers, utilities, develop-
ers, state PUCS and other stakeholders to ensure 
the most effective hands-on policy development, 
implementation, monitoring and refinement.

There were also several comments supporting 
idea of “state as laboratory,” in which states take 
the initiative in policy implementation and lead 
by example. As one observer noted, “absent feder-
al legislation, states are more inclined to compete 
with each other.” 

While there was broad support for the states as 
primary DPS-policy makers, several groups of 
stakeholders interviewed highlighted what they 
saw as competing—and sometimes contradic-
tory—objectives of state and local policy makers 
with regard to DPS deployment. In the words of 
one IOU executive, several state incentives, which 
form the basis of developer products and end-user 
business plans and investment decisions, are put 
in place “without a very well defined policy frame-
work for how IOUs respond to what the market 
place is offering.” There was particular criticism 
of states that “are incentivizing a technology, but 
not putting in place a policy framework that as-
sesses the best use of that technology or what is 
the best use of the technology at this stage of its 
development.” Utilities also noted the fundamen-
tal tension between the use of increasingly scarce 
state funds to incentivize DPS and the political 
reluctance to see increases in electricity rates, and 
the legal difficulties that state DPS policies some-
times face with regard to federal law. Such policy 
friction is not only found between the state and 
federal governments. One mayor interviewed ex-
plained how his city had organized a solar rooftop 
initiative only to find it blocked by state officials on 
the grounds that it contravened competition laws 
aimed to protect the incumbent power provider. 

The city got around the issue by leasing the roof-
top solar panels from a third party.

Given the pivotal role of states in DPS policy-
making, respondents frequently highlighted the 
unique role of the state utility regulatory commis-
sions. Many respondents saw the commissions as 
important actors on this issue, but also outlined 
the unique challenges confronting them. These 
include the need to maintain an up-to-date famil-
iarity with the regulatory and technical aspects of 
DPS, as well as the need to balance rate-payer and 
system benefits. A common observation was that 
PUCs have to accommodate the regulatory im-
perative of keeping costs down while accommo-
dating policies that drive prices up. In the words 
of one IOU executive, “policy is legislation driven 
and regulators are stuck in middle.” A venture 
capital firm representative highlighted the power 
of PUCs to determine the commercial success of 
DPS investments. He said he advises clients to 
treat the PUCs as their financially conservative 
CFO, with the power to decide where to spend 
money and a very low appetite for risk. 

5.4 Policy Mechanisms

A major objective of the primary research effort 
was to canvass the views of power-sector stake-
holders on the range of existing and proposed 
policy mechanisms impacting DPS. An assess-
ment of the effectiveness of existing DPS-related 
policy mechanisms is complicated by two factors: 
the respondent’s perception of the benefits, objec-
tives and potential of DPS; and the difficulty of 
isolating the effect of a single policy mechanism 
in a system with numerous incentives, standards 
and rules—enforced by different levels of govern-
ment—simultaneously in place. 

Financial Incentives

There was a general sentiment that financial incen-
tives are important and play a key role in helping 
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to “pull” innovative and early stage technologies 
to greater commercialization. Of all the specific 
policy mechanisms suggested in the survey, “tax 
incentives for purchase and installation” were 
overwhelming seen by PUCs as the most effective 
means of increasing DPS, with all respondents 
describing it as very or somewhat effective. 

Tax Credits, Grants and Rebates

There were generally supportive comments of tax 
credits and incentives such as the ITC and PTC, 
as well as loan programs. Such incentives were 
seen to be effective in addressing the cost barriers 
for nascent DPS technologies. One utility invest-
ing in solar PV distributed generation noted that 
the combination of federal and state policies such 
as loan guarantees, tax credits, grants and an RPS 
plus power purchase agreements (PPAs), “makes 
it possible to invest in solar, and where [such in-
centives] exist, we invest.” Some comments fo-
cused on the transaction costs of specific financial 
incentives, with one respondent preferring grants 
to tax incentives to avoid losses to “middle men.” 
Another respondent said they had to hire five ex-
tra staff to fill in all the documentation required 
for a DOE loan guarantee. 

There was a widespread view that financial mech-
anisms needed to be “smarter,” especially in the 
current atmosphere of spending cuts and calls for 
a reduced role for government. The most com-
mon view in this regard was the need for financial 
incentives to address a wider variety of commer-
cialization stages and to be phased out over time 
as a technology becomes more commercially de-
ployed. The challenge for one utility representa-
tive was how to “have smart subsides that lever-
age private financing but have minimal impact on 
federal government.”
 
There were also several views that were cautious 
or outright critical of this category of policy tools. 
Most of these comments noted concerns of cost 

and policy durability and variation by jurisdic-
tion. They noted that the current economic and 
political environment makes it increasingly chal-
lenging to justify and sustain these mechanisms 
and that federal and state cost-cutting put these 
policies “hugely at risk.” Even if they do survive, 
the uncertainty around fiscal incentives was seen 
as a barrier in itself.
 
Others were critical of the fundamental case for 
ongoing financial incentives. “If there is an insti-
tutional barrier to deploying a technology that 
otherwise makes good economic sense, then re-
move the barrier—don’t use other incentives to 
promote it,” said one PUC Commissioner. Some 
respondents saw the job of incentives as exploit-
ing economies of scale to get certain technolo-
gies to competitiveness as quickly as possible, 
while others saw that they should be “technol-
ogy neutral.”
 
Feed-in Tariffs

There was broad skepticism among respondents 
toward the feasibility and effectiveness of feed-in 
tariffs as a policy tool. There was recognition that 
FITs can provide a predictable revenue stream 
and that they can be a very useful short-term 
instrument to spur certain technologies. Several 
participants also said that there was an increasing 
interest in FITs and that “incentivizing utilities 
to launch a robust FIT could be a game changer.” 
However, the preponderance of views was that 
FITs were politically difficult to implement and 
difficult to manage. Notably, the PUCs’ enthusi-
asm for the effectiveness of tax incentives did not 
extend to FITs, which they saw as significantly 
less effective.

Many of those critical of FITs outlined two major 
drawbacks: the difficulty in determining the price 
paid for the power generated; and the challenge 
of determining when to phase out subsidies. It 
was evident from many of the responses that the  
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current political environment and history of the 
U.S. power sector played a major role in the nega-
tive views expressed. “We did this [before] and it 
was called PURPA: it might help in short-term but 
the politics are ugly,” said one respondent. Other 
criticisms of FITs revolved around objections to 
paying more than necessary for output and the 
danger of FITs leading to the creation of “zom-
bie industries.” There was particular concern ex-
pressed about the impact of FITs on the econom-
ics of technologies not included in the FIT pro-
gram, whose competitiveness is in danger of being 
undermined by generous subsidies to their rivals.
 
There also were concerns over the short-term na-
ture of this mechanism, as well as over whether 
it was the best market-based tool available. One 
respondent referred to FITs as “training wheels” 
that need to come off. Others noted that FITs are 
“not a long-term solution…likely to create a feed-
ing frenzy and then go away”; and that “ITC [in-
vestment tax credits] and some type of mandate 
are better than FITs.” 

A less strident view and one that chimed with the 
need for “smarter” policies, was that FITs can be 
tailored to meet some goals and can be designed 
in such a way to be appropriate for specific tech-
nologies at specific stages of their development. 
According to this view, FITs are appropriate for 
very early-stage technologies such as storage, but 
are not appropriate for the creation of long-term 
stable markets for more developed technologies. 
For the latter, it was suggested that programs such 
as a reverse auction market, through which de-
velopers compete to offer bids for projects, were 
more effective. 

Rules and Regulations

Mandates

Respondents’ view on mandates such as renew-
able portfolio standards (RPS) was mixed. There 

was acknowledgement that RPS can play a role 
in supporting greater renewable energy and DPS 
penetration in the market, but that this mecha-
nism needs to be smarter and better targeted. 

One of the main objections to mandates was that 
they involve too much government intervention 
and restrict the potential of market forces. One 
developer noted that “A national RPS, in our view, 
is biased to politically favored technologies and is 
not based on performance-based standards.” A 
municipal utility official commented that “Man-
dates become a government approved appropri-
ate number and stifle the market’s ability to find 
something better.” 

On FITs:  “We did this [before] and it 
was called PURPA: it might help in 
short-term but the politics are ugly.”

utility executive

Several suggestions for improving the effective-
ness of mandates focused on expansion of the re-
newable energy credit (REC) market to include a 
broader range technologies and approaches; and 
closer monitoring of the appropriateness of RPS 
targets. One respondent noted that there was a 
need to reduce the volatility of REC prices: “we 
work in a world of 15 year projects, but who knows 
what prices and the market are going to be like 
that far out.” Another commented that there is too 
much ambiguity surrounding REC ownership and 
that “few states have addressed where RECs go.” 

There were several comments suggesting that RPS 
may not be sufficiently targeted or address a broad 
enough spectrum of challenges, such as the need 
for investment in the grid. Some respondents also 
questioned the effectiveness of RPS for increasing 
penetration of specific technologies: if increased 
solar deployment is the goal, said one respondent, 
it would be better to use a specific solar policy (or 
set of policies) rather than an RPS to achieve it. 
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182  It should be noted that net metering and interconnection standards are being changed and updated at the state level on an ongoing basis. 
The Network for New Energy Choices documents these revisions in state-level policies each year and grades them in its annual report. 
See: “Freeing the Grid: Best Practices in State Net Metering Policies and Interconnection Procedures,” Network for New Energy Choices, 
December 2010. Also note that “IEEE 1547.4 – Guide for Design, Operation, and Integration of Distributed Resource Island Systems 
with Electric Power Systems” was  published in July 2011. See the IEEE Standards Association website at http://grouper.ieee.org/groups/
scc21/1547.4/1547.4_index.html.

Net Metering and Interconnection
 
Adoption of uniform interconnection standards 
was the second most effective policy in the views 
of the PUC respondents, with all but two seeing 
the measure as being very or somewhat effective 
in increasing DPS penetration. Net metering was 
also identified by the majority of the PUCs as hav-
ing the most potential to overcome rate-related im-
pediments to increased DPS penetration.

The general sentiment among other respondents 
was that while there has been significant progress 
in implementing net metering and interconnec-
tion policies across the states, the policies need to 
be revised and updated to keep pace with techni-
cal and market developments. Several comments 
noted a lack of uniformity, arbitrariness of certain 
regulations and concerns about cost and rate im-
pacts.182

 

Developers were more likely to criticize what they 
saw as lack of uniformity in net metering limits. 
“It appears that rules arbitrarily pick a size you 
can net meter on up to 2 MW or 5 MW, but why 
can’t it be whatever is required?” said one CHP 
developer. To better determine the limits on net 
metering, some stakeholders suggested reassess-
ing utility peak demand to determine current load 
levels. According to this perspective, net metering 
caps based on historic levels may not reflect the 
full potential of load centers to absorb additional 
distributed generation. Another suggestion for 
making net metering caps more location-specific 
was giving PUCs and local regulators the discre-
tion to set higher program caps, or set net me-
tering caps based on a percentage of peak load, 
rather than a fixed limit. The view from the PUCs 

on net metering focused more on the adequacy of 
current net metering arrangements to cope with 
large projects. This was echoed by one NGO re-
spondent who commented that net metering was 
created to simplify the process for small scale gen-
eration and that “More significant flows should be 
governed by commercial agreements.” 

Similar systems-related concerns were expressed 
by IOUs and PUCs about interconnection stan-
dards. Utility executives said that current IEEE 
standards did not make provision for the current 
level of distributed resources on a circuit. One 
PUC commissioner described as a “major chal-
lenge” the connection of DPS to a network distri-
bution system with multiple feeders. 

This issue was also raised by a developer, who ob-
served that existing standards were devised with 
assumptions about upper limits on distributed 
generation capacity, which may be surpassed as 
levels of DPS penetration increase. 

Many IOU respondents focused on the costs asso-
ciated with interconnection and net metering, and 
the impacts on ratepayers. A recurring theme was 
that of equity for non-participants (rate-payers not 
part of the net metering program), who are seen 
as often having to pay for interconnection costs 
through the rate-base. One IOU indicated that for 
net metered systems over 2 MW there is increased 
pressure to rate-base higher interconnection costs. 
Another IOU seconded this comment noting that 
with declining usage and the increased cost of in-
tegration, “unit costs have started to explode.” In 
short, IOUs stressed that for those systems under 
1MW (and those serving their own load), costs 
and broader rate-payer impacts are not a major 

http://grouper.ieee.org/groups/scc21/1547.4/1547.4_index.html
http://grouper.ieee.org/groups/scc21/1547.4/1547.4_index.html
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183  According to one participant in our outreach, some utilities require the DG system owner to pay $1 million of upgrades for each MW of 
capacity.

issue. However, as more customers begin selling 
power back to the grid, stranded distribution costs 
and interconnection costs rise. In addition, the 
move to expand the adoption of virtual net meter-
ing, and thus create larger systems, will also add to 
pressure for higher prices.
 
There were several comments noting the important 
role PUCs have in ensuring appropriate net meter-
ing and interconnection standards. However, there 
was some doubt expressed over the ability of PUCs 
to fulfill this role. While some commissions have 
tried to standardize net metering and intercon-
nections regulations, one respondent expressed 
the view that “it is not a high priority for PUCs 
to push back against a utility’s safety argument.” 
A state government energy official mentioned 
that while PUCs had a role in establishing clearer 
standards or eliminating unnecessary require-
ments, “it’s hard to imagine the commission being 
the judge—it’s not accustomed to handling this.”
 
One observer noted that utilities are used to con-
necting a handful of very large generators with long 
lead times for construction and that such connec-
tions have not been detrimental to systems plan-
ning. However, now that more distributed genera-
tion systems are coming online, the challenge is 
how to efficiently interconnect all these systems in 
cost effective way—for smaller systems intercon-
nection costs can represent a large portion of total 
costs183—while ensuring reliability and safety. One 
policy change proposed is to raise the fast track 
screen threshold to ensure that smaller systems can 
proceed in a reasonable time frame (see Annex  2 
for further description of this issue). 

Rate-related Mechanisms
 
The research aimed to solicit respondents’ views 
on the effectiveness of rate-related mechanisms 

for increased penetration of DPS. Two such 
mechanisms that were prominently highlighted 
were “decoupling” and “dynamic pricing.” Decou-
pling—the process of breaking the link between 
the volume of electricity sold and the revenues of 
utilities—was identified by many respondents as 
an effective policy tool for DPS promotion.
 
Almost half of the states in the United States current-
ly have decoupling or a similar revenue adjustment 
mechanism in place to address the issue of “lost rev-
enue” and to allow a utility to recover its fixed costs 
even when revenues are lower than projected.

decoupling was identified by many 
respondents as an effective policy tool 

for dPS promotion

 

Decoupling was seen as an important driver of en-
ergy efficiency and a helpful tool in removing util-
ities’ financial disincentives to adopt new sources 
of generation by “putting the mind of [their] ac-
countants at ease.” However, while decoupling 
takes away the disincentive associated with the 
loss of revenue associated with DPS, it was seen 
by at least one utility-industry representative as 
offering no incentive or reward to promote DPS. 
Others were more skeptical of decoupling: a PUC 
official said that most decoupling is an artifact of 
having distribution rates based on 19th century 
technologies: “we should design more cost based 
distribution rates and with AMI [advanced me-
tering infrastructure] this will become possible.”

Dynamic pricing—the differentiation of electricity 
pricing according to the time it is consumed– was 
the second rate-related mechanism that respondents 
saw as having potential to increase the penetration 
of DPS. Dynamic pricing was identified by PUCs as 
the second most effective method (after net meter-
ing) to address rate related impediments to DPS.



aSS ESS I n g  T H E  RO l E  O F  d I ST R I B u T E d  P Ow E R  SyST E m S  I n  T H E  u . S .  P Ow E R  S ECTO R

69

184  Anna Chittum and Nate Kaufman, “Challenges Facing Combined Heat and Power Today: A State-by-State Assessment,” ACEEE Report No. 
IE111, p.iii, Forthcoming.

Advocates of dynamic pricing saw its value in 
making customers aware of the cost of power they 
consume and produce; and in providing justifica-
tion for incentives for resources such as DPS that 
can help to address high peak load. 

Several participants indicated that dynamic pric-
ing is particularly important for solar deploy-
ment: “unless you begin to value solar as a peak-
ing resource, there’s a big challenge in pushing for 
distributed solar. If you start to get prices at peak, 
you’ll see a difference.”
 
While there was enthusiasm for the effectiveness 
of dynamic pricing, several participants high-
lighted the political challenges of implementing 
such a mechanism, saying that PUCs would not 
be likely to make such pricing mandatory owing 
to the potential impact on rate payers.

Strategies and Targets

Carbon Pricing

As noted above, many respondents believed that 
some form of overarching, comprehensive fed-
eral legislation would be very helpful in creating 
a transparent investment climate for DPS. There 
was general agreement that a price on carbon is 
needed and would benefit DPS deployment, but 
little expectation that this policy mechanism 
would be established any time soon. Most respon-
dents agreed with the need for a price on carbon 
both as an appropriate role of the federal govern-
ment as well as to establish broad, directional 
policy guiding the energy sector. However, one 
exception to this observation was the view that 
any comprehensive federal policy would carry 
the risk of retarding climate-related efforts of pro-
gressive states in favor of a compromise to reach 
national agreement. 

5.4 Other Major DPS-Related Issues

In addition to the issues discussed above, stake-
holders identified three applications they saw as 
being particularly important to a discussion on 
the future of DPS.
 
Combined Heat and Power (CHP)

One of the major themes emerging in our out-
reach was the lack of knowledge of CHP and its 
benefits and consequently the lack of policy rec-
ognition given to it at all levels. This is commen-
surate with the views and findings of advocacy 
groups and other NGOs tracking the status and 
role of the CHP industry. For example, in a forth-
coming analysis, the American Council for an 
Energy-Efficient Economy (ACEEE) states:
 

“Few state energy offices and public ser-
vice commissions prioritize CHP. CHP 
is often viewed by its advocates and sup-
porters as a “homeless” suite of technolo-
gies in public policy. CHP is not well un-
derstood by regulators, not well-suited 
for renewable energy programs—because 
it is often powered by non-renewable fu-
els—and too expensive for most short-
term energy efficiency programs—be-
cause its payback period is long and its 
upfront costs high compared to many 
other efficiency measures.”184

 
The idea of CHP as a “homeless” technology was 
echoed in interviews with many stakeholders. Re-
spondents noted that the problem begins with a 
lack of knowledge of CHP systems—what they 
are and how they work—as well as the potential 
benefits. 

p.iii
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185  There are also some incentives below the state level: one participant noted that the only FIT for CHP in the country is in place in the 
Sacramento Municipal Utility District.

Many cited the struggle in implementing specific 
CHP policies, or having CHP treated on an equal 
basis with energy efficiency or renewable energy. 
One NGO summarized the challenges in working 
with one state government to carve out a place for 
CHP either in the energy efficiency resource stan-
dard or the RPS: “The energy efficiency constitu-
ency believes that CHP does not qualify as energy 
efficiency, or reducing load within a given facil-
ity…The renewable energy crowd doesn’t see CHP 
as renewable since ‘it’s just another fossil fuel pow-
er plant.’ And utilities say you generate power but 
you’re too small so you’re not a utility power plant.”
 
Despite the perceived lack of recognition for CHP, 
many respondents highlighted the environmen-
tal, efficiency and energy security benefits of the 
technology. They noted that CHP combines many 
of the benefits that come with distributed assets 
(small capital cost, location close to load, avoided 
transmission and distribution costs) with the reli-
ability of a centralized power station, the added 
security benefit of being able operate indepen-
dently of the grid and greatly superior efficiency. 

Some respondents said that CHP had been over-
looked due to a preoccupation among policy 
makers for “being green and giving incentives to 
wind and solar.” Others noted that some specific 
CHP-related policies and incentives are being 
implemented at the state level (albeit unevenly) 
but that CHP is not included in most state RPS 
or EERS, meaning that it was not being fully re-
warded for the thermal benefits it provides.185

 
Several participants discussed the particular chal-
lenges involved in recognizing the environmen-
tal benefits of CHP. These comments noted the 
need to look at a “system-wide emissions profile,” 
especially in terms of providing credit to CHP’s 
thermal benefits in lowering emissions. The need 

for output-based emissions standards was specifi-
cally highlighted in this regard. 

Storage 

Stakeholders in our outreach reiterated the view 
that innovation and greater deployment of stor-
age could significantly enhance overall opera-
tional efficiency of the existing electricity system. 
Storage was identified as “emissions-free capac-
ity,” a source of “time value” and “a great way to 
make an intermittent resource more valuable.” 
As a generation asset storage was recognized by 
some respondents as a “vastly superior” resource, 
owing to its continuous synchronization, its abil-
ity to idle without burning fuel and to operate 
without being shut off.
 
Many issues pertaining to generation-related as-
pects of DPS were also mentioned in relation to 
storage including high costs and the need to value 
the benefits.

There were several comments noting that storage 
remains a new concept for many stakeholders, es-
pecially lawmakers and PUCs. Some respondents 
commented that in most cases the technology 
is relatively new or quickly evolving and it takes 
time for people to catch-up to understanding the 
technologies and their applications and implica-
tions. While batteries, flywheels, compressed air 
energy storage (CAES) and thermal-storage tech-
nologies have been around for a long time, many 
respondents said that there was a lack of under-
standing of the extent to which such applications 
have improved in performance. Others saw it as 
“only a matter of time before storage gets its due 
in policy circles.” 

The other major challenge for storage—and one 
that echoes previous comments on DPS gener-
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186 Another participant noted, however, that frequency regulation in PJM is 1 percent of a day’s peak, so for storage this is a small market.

ally—is the categorization and quantification of 
its benefits. Several participants commented on 
the fact that storage doesn’t fit neatly into a cat-
egory or is often poorly defined, mainly due to 
the fact that it is “really several technologies that 
have their own cost-benefits” and applications. 
One respondent noted the transmission ben-
efits of storage, but asked, “if you rate base it as 
a transmission asset, do you disadvantage it for 
other services?” Other said that the difficulty in 
quantifying storage was that there was “no single 
methodology for valuing it” because its value was 
so systems specific.

A storage technology company executive echoed 
the challenge in valuation of storage benefits and 
specifically in getting utilities to do a thorough 
cost-benefit analysis, stating that in a few cases, 
utilities are not giving credit for transmission and 
distribution investment deferral, but that “1 MW 
at the socket is more valuable than at generation.” 
He said that one of the key questions in storage is: 
“What are you valuing and how?”
 
One respondent pointed out that FERC tradition-
ally has tended to think in terms of generation, 
transmission and distribution, but with storage 
sometimes acting as a generator and sometimes 
a transmission asset, it is trying to re-think this. 
Another commented that FERC is examining 
how to provide compensation for fast regulation 
(short-term balancing of load) and how to treat 
storage as a transmission asset to address local 
congestion issues.186

Participants generally recognized that the lack 
of knowledge of storage technologies and their 
benefits contributes to the lack of movement to 
develop regulations to support deployment. The 
lack of clarity around how to categorize storage 
has led to a fragmented approach to related policy 

and regulations, with some states treating storage 
as generation, some allowing storage in an RPS 
and others considering it as eligible for peak de-
mand reduction standards. 

There were several recommendations on how 
to improve this situation. One respondent sug-
gested that storage policies needed to be tailored 
to specific applications rather than technolo-
gies: “perhaps a battery system should be rate-
based by the utility, but customers could sell 
regulation services to the market.” To determine 
the monetary benefits of storage, one respon-
dent advocated the development of a utility-
specific calculator that would provide informa-
tion on real value of storage at the transmission 
or end-user level: “These types of tools make it 
very transparent in evaluating new distribution  
investments versus storage. Any PUC where there 
is a large metro area with load pockets are looking 
at these calculators.”

A final suggestion endorsed by several respon-
dents was the modification of financial incentives 
such as investment tax credits to make it clear 
where storage was eligible for support. 

Smart Grid

Across the spectrum of participants it was widely 
acknowledged that the smart grid plays a major 
role in supporting greater penetration of DPS. 
Many noted that the smart grid and related con-
trol and information systems will make it easier to  
integrate DPS into the power grid. In particular, 
some respondents saw the smart grid as a central 
factor in “rooting out the old system,” and facili-
tating the move to greater local control over pro-
duction and demand, and a more efficient use of 
energy. 
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Smart meters or AMI (advanced metering infra-
structure) and smart appliances were both viewed 
as having the potential to play a significant role in 
the move toward more informed end-users and 
more dynamic pricing of power, which would in-
crease the appeal of DPS. 

One participant noted micro grids as a system 
for bringing more resources into the distribution 

system. This participant stated that the complex-
ity of higher penetration of distributed energy 
resources “leads us to physically push toward mi-
cro-grids” as a system to facilitate bringing more 
resources into the distribution system. “With this 
complexity, we can’t solve the problem without 
breaking it into a micro grid. Think of the micro 
grid as a tool within the smart grid.” 
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conclusions And recommendAtions

CHAPTER 6

6.1 Summary of Findings 

Economics of DPS

As the previous chapters demonstrate, distrib-
uted power systems comprise many technolo-
gies and applications. Advances in technology, 
coupled with—and sometimes driven by—poli-
cies to support smaller scale, more localized gen-
eration of electricity have led to a situation in 
which the economics of some DPS applications 
have improved rapidly. However, using a direct 
cost-comparison model, DPS technologies are, 
in general, still less cost-competitive than most 
coal and gas-fired central-station generation al-
ternatives. Those DPS technologies that are cost-
competitive on a per-MWh basis require central 
station generation avoided cost assumptions that 
include higher-priced fuel (natural gas at up to 
7.50/MMBTU) and regions with high levels of 
system congestion and planned grid investment 
and no excess generation capacity. The DPS tech-
nologies that are cost-competitive under these 
circumstances are IC engines and gas turbines 
with CHP; and medium- and community-scale 
wind. Other technologies that are nearly cost-
competitive with the higher cost range of cen-
tral fossil fuel power generation are: fuel cells 
medium-sized (2-5 MW) solar photovoltaic and 
microturbine CHP.

Results show that the economic benefits of DPS 
are location- and time specific. Economic analy-
sis assuming a moderate carbon price of $30/ton 
would increase the competitiveness of some re-
newable energy DPS applications, with large-scale 
solar competitive with both coal and gas in some 
circumstances. Electric fuel cells and medium-
scale solar applications approach competitiveness 
with the upper range of coal fired power in this 
scenario. However, however, even with a moder-
ate carbon price in place, many current DPS tech-
nologies are still not cost competitive with most 
central station generation.

The economics of DPS technologies relative to 
central power generation will change over time.  
Quantifying the current competitiveness of DPS 
represents a single point in time: many DPS tech-
nologies are realizing rapid decreases in unit cost 
that are likely to continue as research, develop-
ment and deployment continue. While advances 
have also been made in the efficiency of central-
ized power generation, the rate of such advances 
is generally accepted to be lower than that of many 
DPS technologies, particularly solar and wind. 

Costs, Benefits and Barriers

The economic analysis presented in Chapter 2 
defines the benefits of DPS in terms of avoided 
costs (including generation, transmission and  
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Major Findings and Conclusions

1. DPS technologies are, in general, still less cost 
competitive than most centralized generation 
alternatives.

2. The economic benefits of DPS are location- and time- 
specific. 

3. A moderate price on carbon would increase the 
competitiveness of some renewable energy DPS 
applications.

4. Many DPS technologies are realizing rapid decreases 
in unit cost that are likely to continue as research, 
development and deployment continue.

5. DPS provides benefits that are not currently cap-
tured by existing economic models.

6. The full costs of realizing the claimed potential 
benefits of DPS are unknown.

7. There is (a) lack of familiarity with many aspects 
of DPS; and (b) insufficient information exchange 
among regulators, policymakers, and power sector 
entities. 

8. The states should lead on DPS policymaking, al-
though the federal government should have a role in 
setting a foundational energy policy framework. 

9. Combined heat and power (CHP) and storage are DPS 
applications with large untapped potential.

10. In order to realize the full benefits of DPS, policies 
need to be “smarter”: differentiating by technology 
stage of development and project size.

distribution), which is a standard industry cost-
comparison. However, according to many stake-
holders across the electric power industry inter-
viewed in the course of this study, DPS provides 
benefits that are not currently captured by ex-
isting economic models. Such benefits include 
improved efficiency of the distribution system, 
environmental and land-use benefits, possible 
job-creation benefits, and other region-specific 
benefits. They also include the security value of 
DPS, both as a means of decreasing the vulner-
ability of the civilian grid to disruption and attack 
and as a resource for the defensive and offensive 
operations of the U.S. military. 

The full costs of realizing the claimed potential 
benefits of DPS are unknown. Utilities, regulators 
and engineers point to the increasing financial 
burden of connecting new DPS systems and to 
the unknown technical and safety consequences 
of integrating large amounts of distributed assets 
to today’s grid infrastructure which was designed 
for one way distribution of power. Advocates of 
DPS, such as developers, point to a range of bar-
riers—mostly technical—to greater deployment 
and realization of the potential benefits. 

Two points of near-universal agreement among 
all stakeholders are: (1) there is lack of familiarity 
with many aspects of DPS; and (2) there is insuf-
ficient information exchange among regulators, 
policymakers  and power sector entities. 

Policies

There are a large, and increasing, number of poli-
cies in place both at the state and federal levels that 
directly and indirectly impact DPS adoption. Ac-
cording to the majority of respondents interviewed 
for this study, the primary responsibility for DPS 
policymaking should be at the state level, although 
the federal government should have a role in set-
ting a foundational energy policy framework. 

Many of these policies, predominantly aimed at 
increasing the penetration of renewable energy 
sources, are viewed by stakeholders as effective at 
increasing DPS penetration. However, some poli-
cies, particularly at the state level, are viewed by 
stakeholders as lacking clarity regarding their in-
teraction with other polices or incentives. Stake-
holders see a clear requirement for DPS-related 
policies that provide a greater degree of consis-
tency and predictability.  CHP and storage were 
DPS applications identified by respondents as 



aSS ESS I n g  T H E  RO l E  O F  d I ST R I B u T E d  P Ow E R  SyST E m S  I n  T H E  u . S .  P Ow E R  S ECTO R

75

187  Several of these recommendations build on those outlined by the California Energy Commission in “Distributed Generation Strategic Plan,” 
California Energy Commission, June 2002, p.21. (http://www.energy.ca.gov/reports/2002-06-12_700-02-002.PDF)

holding large untapped potential, and therefore 
particularly good candidates for more targeted 
policy support. 

DPS may have a positive impact on reliability and 
security of electricity delivery in the civilian sec-
tor. DPS can decrease vulnerability by allowing 
the ‘islanding’ of military installations and bases 
from the grid when necessary. DPS technologies 
can also be used to improve the efficiency—and 
therefore reduce the vulnerability—of forces in 
the combat theater.
 
6.2 Recommendations

Based on the economic and policy analysis and 
the outreach to stakeholders conducted for this 
study, we conclude that increased penetration of 
DPS has the potential to make a significant posi-
tive contribution to the U.S. power system. The 
principal benefits of DPS are their ability to con-
tribute a new resource to the U.S. power supply 
portfolio thereby diversifying the nation’s power 
supply options, to relieve grid congestion and de-
crease transmission and distribution line losses, 
to avoid the construction of some new utility-
scale power plants, to capture the value of cur-
rently under-utilized resources, and to utilize 
some of the new capabilities of a modern grid 
such as the two way flow of power.  The value of 
DPS is enhanced by their potential ability to real-
ize environmental and reliability-related benefits 
without the need for agreements on the siting and 
financing of large capacity and transmission addi-
tions to the electric grid.

The extent to which DPS can realize their poten-
tial depends in part on the ability to quantify the 
full range of costs and benefits of greater penetra-
tion including the potential cost of carbon emis-
sions. The authors therefore advocate a series of 
policies that allow the benefits of DPS to be quan-

tified, evaluated  and realized relative to other 
power supply resources.

In general, we support policies that provide in-
formation, transparency and choice on prices and 
technologies, in a way that captures the econom-
ic, environmental and energy security benefits of 
DPS in an affordable way.
  
DPS policymaking should adhere the following 
the principles:187

 
•	 Provide technology choices and price 

transparency
•	 Limit impact on ratepayers; if costs to 

support DPS are above market, decrease 
over time

•	 Limit amount of government subsidies; 
decrease over time as market matures

•	 Leverage private sector investment  
•	 Remain technology neutral

Within these guidelines, there are discrete roles for 
federal and state governments. Many of the policy 
tools, approaches and concepts outlined here draw 
on the considerable work that other organizations 
and individuals have done, especially in assess-
ing lessons learned and developing best practice 
guidelines. Our goal is to highlight the policies we 
think best create a “level playing field” for DPS, 
while addressing the concerns and views of the in-
dustry stakeholders outlined in previous chapters.

Federal Government 

There are a wide variety of DPS-related policy tools 
available at the federal, state and local levels. These 
tools would function better under a foundational 
policy that sets clear objectives. Respondents in our 
outreach mostly agreed that some combination of 
overarching, comprehensive federal energy-climate 
legislation would provide the kind of certainty and 

http://www.energy.ca.gov/reports/2002-06-12_700-02-002.PDF
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188  A much more basic and potentially intractable challenge is that a foundational policy (or set of policies) assumes strong consensus on 
objectives and, unfortunately, that does not seem to exist currently, especially with regard to climate change and the need to move to a 
de-carbonized economy. This discussion is clearly beyond the scope of this paper, however, we start from the assumption that meeting the 
challenge of climate change is central to energy policy development.

189 For more detail on this proposal see Ren Orans et al, “A Modest Proposal: After Cap and Trade” Brookings Press, June 2010 

predictability that investors need. Federal govern-
ment policymakers need to establish policies that 
are durable enough to match the business planning 
cycle of investors, developers, utilities  and other 
companies in the power sector.188

  
The federal government has a role to play in estab-
lishing policy directions; harmonizing regulations; 
supporting research, development and demonstra-
tion; and leading by example as a major provider 
and consumer of energy. The federal government 
should act as a “convener” to bring parties together 
at all levels on policy direction and set minimum 
or broadly applicable national standards and reg-
ulations. The federal government should also use 
public power as an example setter, and use those 
parts of the system the government controls—in-
cluding the military—to develop and demonstrate 
major policies and practices. 
   
We recommend the following specific, federal 
policy approaches that could fulfill this mandate:
 

1. Adopt a Carbon Pricing Policy

The majority of respondents interviewed and 
surveyed for this study said that the introduc-
tion of a price on carbon would greatly assist in 
the energy planning process in general and in the  
development and deployment of DPS specifically. 
The federal government should take the lead in 
setting a national carbon pricing mechanism that 
accounts for the real economic externalities of car-
bon dioxide emissions. A price on carbon should 
take the form of either a carbon tax, where carbon 
emissions are subject to a per-unit tax on carbon 
emitted; or through the implementation of a cap-
and-trade system, through which a ceiling is estab-
lished for the maximum amount of carbon emis-
sions permitted in the economy, with industries 

and sectors required to comply with predetermined 
carbon limits or pay to exceed them. While opin-
ions among those surveyed and members of the re-
search team varied, some members of the research 
team expressed a significant preference for a carbon 
tax as they feel a carbon tax system is more difficult 
to game than a cap and trade system. These mem-
bers of the research team expressed particular sup-
port for a revenue-neutral carbon tax such as the 
one implemented in British Columbia. Given the 
inability to reach a workable economy-wide carbon 
tax or cap-and-trade system in Congress, a more 
moderate approach of a regionally differentiated 
carbon tax on the electricity sector could provide 
significant impact at relatively low cost.  Under this 
approach, powerplant emissions would be taxed at 
a regional rate that provides similar rate impacts in 
all regions, for example 2 percent. This mitigates the 
heavy impact on the Midwest and South by having 
a lower carbon tax in these regions.189

 
Absent a carbon pricing mechanism, a final, al-
beit indirect, means of pricing carbon emissions 
is through the implementation of a “clean energy 
standard” (CES), which mandates a minimum 
percentage of power generation from sources that 
qualify as “clean” with penalties for non-compli-
ance. A CES is less effective than a carbon tax or a 
cap and trade system for assigning a carbon price 
owing to its focus on generation rather than on 
emissions, and to the challenge of defining what 
qualifies under the standard.

2. Support Clean Energy Innovation and 
Expand Sustained Research and Devel-
opment Funding 

Government support for R&D is a critically im-
portant means for spurring innovation and mov-
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190 “A Business Plan for America’s Energy Future,” American Energy Innovation Council, September 2011 (AEIC 2011). 
191 Ibid, p. 16. 
192  http://arpa-e.energy.gov/About/Mission.aspx.  ARPA-E is supporting DPS – it held a workshop in June 2011 on small-scale distributed 

generation in which “the meeting’s output will help direct the actions of ARPA-E towards the most promising and appropriate high risk, 
high return R&D funding opportunities and management strategies.”

193 AEIC 2011, p. 26.
194  “Energy Transformation Acceleration Fund, Advanced Research Projects Agency – Energy: Proposed Appropriation Language,” ARPA-E.   

http://arpa-e.energy.gov/LinkClick.aspx?fileticket=otZens1luj0%3d&tabid=184. 
195 AEIC 2011, p. 5.  

ing new energy technologies into the market.  As 
noted, many DPS technologies have benefited 
from a rapid decrease in unit costs in recent years 
with some now approaching cost competitiveness 
with central power generation. Expanded tech-
nology R&D is likely to improve the performance 
of DPS.  

One potential mechanism to achieve the requi-
site levels of R&D is the establishment of a Clean 
Energy Development Authority (CEDA). The 
Clean Energy Financing Act of 2011 sponsored by 
Chairman Jeff Bingaman (D-NM) and Sen. Lisa 
Murkowski (R-AK) of the Senate Energy and Nat-
ural Resources Committee would create such an 
entity to finance the development and deployment 
of advanced energy technologies. CEDA would 
focus on ensuring adequate financing throughout 
the life-cycle of an innovative technology.

In addition, the set of recommendations recently 
issued by the American Energy Innovation Coun-
cil (AEIC) should be seriously considered:190

•	 Create an independent national Energy 
Strategy Board: Charged with developing 
and monitoring a national energy plan 
for Congress and the executive branch, as 
well as “guiding and coordinating energy 
research investments by DOE, CEDA 
and the New Energy Challenge Program” 
(see below).191

•	 Invest $16 billion per year in clean energy 
innovation: Including basic energy sci-
ence, renewables, fossil energy, efficiency 
and other areas. 

•	 Create Centers of Excellence with strong 
domain expertise: Building on the De-
partment of Energy’s Energy Innovation 
Hubs, these Centers would be located at 
universities and national labs to concen-
trate and leverage resources. 

•	 Fund ARPA-E at $1 billion per year: ARPA-
E (Advanced Research Projects Agency-
Energy), created with a mission “to fund 
projects that will develop transformational 
technologies…in the ways we generate, 
store and utilize energy” requires continued 
government support.192  The AEIC points 
out, however, that ARPA-E could only fund 
one percent of the proposals it received in 
its first year of operation.193 ARPA-E’s initial 
budget was $400 billion, and its current FY 
2012 request is for $650 billon.194

   
•	 Establish and fund a New Energy Chal-

lenge Program to build large-scale pilot 
projects: Under an independent corpora-
tion outside of the federal government and 
in partnership with private industry, the 
program would “focus on the transition 
from pre-commercial, large-scale energy 
systems to integrated, full-size systems.”195

3. Extend Existing Federal Legislation for 
Renewable Energy 

In an effort to better target financial support for 
renewable energy, reduce government outlays, 
and leverage private sector support, the federal 
government should extend the term and financ-
ing of the Section 1603 cash grant program. 

http://arpa-e.energy.gov/About/Mission.aspx
http://arpa-e.energy.gov/LinkClick.aspx?fileticket=otZens1luj0%3d&tabid=184
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196  “Overview and Status of Update of §1603 Program, US Department of Treasury, September 11, 2011.  http://www.treasury.gov/initiatives/
recovery/Documents/2011-09-11%20-%20S1603%20Overview%20-%20No%20Maps.pdf.

197 Bipartisan Policy Center 2011, p. 13.  
198 Ibid, pp. 16-19.
199  “Industrial Distributed Energy: Clean Energy Application Centers,” U.S. DOE Energy Efficiency & Renewable Energy. (http://www1.eere.

energy.gov/industry/distributedenergy/racs.html).
200  Tom Key and Matt Wakefield, “Smart Grid Demonstrations: Focus on Integrating Distributed Energy Resources,” EPRI Journal (Winter 

2010), pp.21-23. (http://mydocs.epri.com/docs/CorporateDocuments/EPRI_Journal/2010-Winter/1022333_SmartGridDemo.pdf).

Section 1603 of the ARRA allows project develop-
ers to receive cash payments in lieu of investment 
tax credits and allows those eligible for a produc-
tion tax credit (PTC) to receive an investment tax 
credit (ITC) or equivalent cash grant. It was im-
plemented to simplify the tax credit process and 
to provide greater access to financing for renew-
able energy projects.  The program, which is set 
to expire at the end of 2011, has been successful: 
$9.2 billion has been spent funding nearly 20,000 
projects across the country, supporting 13.6 GW 
of capacity and 35 TWh of electricity genera-
tion.196 A recent analysis by the Bipartisan Policy 
Center (BPC) indicates that using cash grants is 
more effective than—and half as expensive as—
the tax equity approach.197 

We recommend the extension of the Section 1603 
program. In addition, we endorse the BPC’s rec-
ommendations that tax credits be implemented for 
a period of at least five years to provide the predict-
ability that investors need; that the federal govern-
ment consider providing a production-based cash 
grant; and that the government study the costs and 
potential benefits of allowing Master Limited Part-
nerships for renewable energy entities.198  

4. Promote Education and Information 
Sharing

The federal government can play a leading role 
in promoting greater awareness of DPS, includ-
ing education and information sharing programs.  

For example, the U.S. DOE supports eight Clean 
Energy Application Centers around the country, 
with a mandate “to promote CHP, waste heat re-
covery  and other clean energy technologies and 
practices and offer regional assistance for specific 
projects throughout the United States,” through 
market assessments, targeted education and out-
reach and technical assistance.199 DOE could con-
sider the feasibility of expanding the efforts of the 
Centers, or alternatively examine the establish-
ment of similar institutional efforts for non-CHP 
technologies and applications.
  
An excellent example of expanding informa-
tion sharing and partnering approaches is the 
Electric Power Research Institute’s (EPRI) Smart 
Grid Demonstration Initiative, a seven year ef-
fort started in 2008. One goal of the Initiative is 
to “share the best information and lessons learned 
on integrating distributed energy resources and 
specific technical issues of various distribution 
systems.”200

  
In the area of information sharing and capacity 
building for state utility regulators, the U.S. DOE 
funds several key efforts. The ARRA provided 
$44 million to state commissions for hiring and 
training of staff, and in March of 2010 DOE estab-
lished a cooperative agreement with the National 
Association of Regulatory Utility Commissioners 
(NARUC) for “provision of capacity assistance 
and consultant expertise to States, the develop-
ment of new training programs  and sharing of 
information and best practices among States on 

http://www.treasury.gov/initiatives/recovery/Documents/2011-09-11%20-%20S1603%20Overview%20-%20No%20Maps.pdf
http://www.treasury.gov/initiatives/recovery/Documents/2011-09-11%20-%20S1603%20Overview%20-%20No%20Maps.pdf
http://www1.eere.energy.gov/industry/distributedenergy/racs.html
http://www1.eere.energy.gov/industry/distributedenergy/racs.html
http://mydocs.epri.com/docs/CorporateDocuments/EPRI_Journal/2010-Winter/1022333_SmartGridDemo.pdf
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201  Solyndra’s bankruptcy was due to a number of factors—including falling silicon prices (which impacted the competitiveness of Solyndra’s 
non-silicon-based technology) and alleged impropriety of loan oversight—which are beyond the scope of this paper.

202  Mark Muro and Jonathan Rothwell, “Why the U.S. Should Not Abandon Its Clean Energy Lending Programs,” The Brookings Institution, 
October 9, 2011.  http://www.brookings.edu/opinions/2011/0927_solyndra_muro_rothwell.aspx?p=1Muro and Rothwell September 2011

203  Supporters argue that for every dollar of federal spending, the loan guarantee program yields $4-8 of private lending. The Office of 
Management and Budget has estimated that the government’s loan guarantees across all sectors of the economy will return $46 billion 
to taxpayers in 2011 (see Muro and Rothwell, September 2011).  Opponents believe that while government support for clean technology 
development through sustained R&D is vital, the inherent conflicts of interest that arise in loan guarantee programs make them an 
inappropriate choice for government policy. In addition, these observers point out that, at the time of writing, there is the possibility that 
taxpayers will recoup little or nothing of their investment in Solyndra in which taxpayers had their debt subordinated to private investors. 

204  See Grants and Research: American Recovery and Reinvestment Act, National Association of Regulatory Utility Commissioners. Accessed 
at (http://www.naruc.org/grants/programs.cfm?page=63).

The Solyndra Effect
 
Many DPS projects benefit from government sup-
port, which comes in various forms (investment 
tax-credits, grants and loan guarantees to name 
a few). Some initial government support is often 
critical in creating a more level playing field for 
emerging technologies by helping less commer-
cialized technologies to achieve cost reductions 
through economies of scale. At the time of writ-
ing, loan guarantees for energy projects were un-
der particular scrutiny following the bankruptcy 
of Solyndra, a solar cell manufacturer that re-
ceived roughly $535 million in government loan 
guarantees.201 Although loan guarantees merely 
indicate that the government is required to cover 
the costs of a loan if the borrower defaults on its 
payment obligations (and often the government 
can recoup some of the costs through the sei-
zure of company assets), the immediate political 
furor surrounding Solyndra suggests that future 
government loan guarantees will encounter far 
greater scrutiny.  Indeed soon after the bank-

ruptcy of Solyndra, SolarCity announced that it 
would have to scale back the scope of its Solar-
Strong project, as it was unable to secure a loan 
guarantee from DOE.202

 
Despite the rising criticism of federal loan guar-
antees in the wake of Solyndra’s bankruptcy, evi-
dence suggests that such guarantees can be an 
effective means of stimulating private sector in-
vestment and promoting key renewable energy 
technologies.203 Some members of our research 
team feel that the federal government should 
consider the continued selected use of loan 
guarantee programs in areas such as early-stage 
research and development. Other members of 
the research team, pointing to the example of 
Solyndra, and also the more recent example of 
electric car maker Fisker Automotive, which 
likewise appears to have benefitted substantially 
from federal loans while failing to deliver on key 
promised benefits, believe that such programs 
create inherent and fundamental problems that 
outweigh any potential advantages.

ARRA-related issues.”204 These resources are man-
aged under NARUC’s State Electricity Regulators 
Capacity Assistance and Training (SERCAT) 
program, and in 2010 seven awards were issued 
addressing such issues as developing aggregated 
net metering for renewable resources in Arizona 
and evaluating smart grid reliability benefits in Il-
linois. This type of support needs to be expanded 
in order to ensure that the knowledge base of state 

regulators keeps pace with the objectives and re-
quirements of rapidly changing state policies, as 
well as the dynamics of the market.   

5. Conduct Research on DPS Impacts on 
Reliability and Security 

The increased deployment of DPS is likely to 
have implications for the reliability and security 

http://www.brookings.edu/opinions/2011/0927_solyndra_muro_rothwell.aspx?p=1Muro
http://www.naruc.org/grants/programs.cfm?page=63
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205  Dan Rastler, “Small Scale Distributed Generation: Perspectives on Markets and Challenges and Opportunities,” Electric Power Research 
Institute (presentation at ARPA-E Workshop, 1-2 June 2011). (http://arpa-e.energy.gov/LinkClick.aspx?fileticket=3PKUCIyA3Ww%3D&tab
id=437).

206  “President Obama signs an Executive Order Focused on Federal Leadership in Environmental, Energy, and Economic Performance,” The 
White House Office of the Press Secretary, October 5, 2009.

207  This builds on Executive Order 13423, “Strengthening Federal Environmental, Energy, and Transportation Management,” signed on January 
24, 2007. 

208 See Executive Order 13514, “Federal Leadership In Environmental, Energy, and Economic Performance,” Sections 2(a)ii, and 2(f)ii.

of the U.S. power system. Public and private sec-
tor stakeholders tackling the challenge of upgrad-
ing the grid to minimize vulnerability and costs 
from outages need information on the reliability-
related costs and benefits of DPS. We recommend 
that the federal government conduct a thorough 
assessment of the reliability-related costs and 
benefits of DPS.  EPRI has identified several areas 
for further research and information sharing that 
directly address issues raised in our stakeholder 
outreach, and could also form the basis for this 
federal support. These include: (a) comprehensive 
study of distributed energy resources including 
storage, incorporating the smart grid, in a central 
vs. distributed generation paradigm; (b) accel-
erate development and deployment of high effi-
ciency technology options; (c) accelerate plug and 
play features of distributed generation appliances  
and; (d) conduct pilot deployment to demon-
strate costs and benefits to the grid and society.205 
We endorse these as targeted, top tier priorities.
   
The adoption of DPS is also likely to have an 
impact on the vulnerability of the grid to cyber 
attack. As the number of generation source and 
smart grid related technologies proliferate, there 
are concerns that the grid will be more vulnerable 
to attack through more points of entry. There has 
been much work done on the cybersecurity impact 
of the smart grid, notably by the National Institute 
of Standards and Technology (NIST)’s Cyber Se-
curity Working Group (CSWG) of the Smart Grid 
Interoperability Panel. We recommend that the 
federal government adopt the CSWG’s guidelines 
into legislation to the extent practicable. 

6. Use Federal Government to Help Dem-
onstrate and Commercialize DPS

The federal government is a large user of energy, 
and thus is in a unique position to play a role in 
demonstrating and deploying DPS. For example, 
the White House estimates that the federal gov-
ernment occupies nearly 500,000 buildings and 
buys $500 billion annually in goods and servic-
es.206 On October 9, 2009, the President signed 
Executive Order 13423 establishing various 
energy objectives for federal government enti-
ties, such as Greenhouse Gas Management and 
Sustainable Buildings and Communities.207 The 
Order requires government agencies to develop 
a Strategic Sustainability Performance Plan, in-
cluding goals for “increasing agency use of re-
newable energy and implementing renewable 
energy generation projects on agency property,” 
and “aligning federal policies to increase the ef-
fectiveness of local planning for energy choices 
such as locally generated renewable energy.”208 
These efforts should continue to be implement-
ed, monitored and evaluated and expanded 
where necessary. In addition, the Blueprint for 
a Secure Energy Future announced by the White 
House in March 2011 described ongoing federal 
efforts and initiatives going forward.

7. Support DPS through Military pro-
curement and deployment 

The United States military has a compelling in-
centive to adopt DPS, which can help it meet its 
renewable energy and energy-efficiency goals; 
improve the security of power delivery to bases 

http://arpa-e.energy.gov/LinkClick.aspx?fileticket=3PKUCIyA3Ww%3D&tabid=437
http://arpa-e.energy.gov/LinkClick.aspx?fileticket=3PKUCIyA3Ww%3D&tabid=437
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209  “Department of Defense Base Structure Report, Fiscal Year 2007 Deadline.” (http://www.defense.gov/pubs/BSR_2007_Baseline.pdfhttp://
www.defense.gov/pubs/BSR_2007_Baseline.pdf). 

at home and abroad; and provide advantages for 
expeditionary activities in theater. 

The energy security and operational benefits of 
military DPS are frequently calculated on an ad-
hoc and unsystematic basis. Through continued 
development of appropriate methodologies, the 
military can better assess the true value of DPS 
projects. We recommend that the U.S. military 
develop a more formal scheme for systematizing 
and quantifying DPS risks and benefits. Such a 
scheme should include a means of allowing the 
armed forces to accurately internalize the fully-
burdened cost of fuel for expeditionary energy on 
the battlefield as recommended by Defense Sci-
ence Board in 2001 and 2008.

The United States has more than 1000 bases and 
military installations in 63 countries.209 These 
bases are often connected in various ways to 
power infrastructures with varying reliability. As 
it looks to maximize the reliability and security 
of its operating environments both in the United 
States and overseas, the U.S. military should con-
sider distributed generation and microgrids as an 
essential part of its electricity generation strategy. 
 
Through large-scale procurement, the military can 
help to drive down the unit costs of renewable DPS 
technologies, and serve as a pioneer for other sectors 
of the economy looking to move down the learning 
curve on issues including installation, operation and 
maintenance of DPS. For expeditionary operations, 
we recommend that the military expand programs 
such as the Rucksack Enhanced Portable Power Sys-
tem (REPPS) that use DPS technologies to reduce 
the use of liquid fuels on the front lines, and that in-
crease the efficiency of personnel in theater.

For expeditionary military activity we recom-
mend a strategy of  continuing  to develop and 
deploy promising DPS technologies with a focus 
on those technologies that will be most vital to 

enhancing the core fighting effectiveness of these 
expeditionary forces. In discussions with military 
leaders directly involved in energy issues, they 
repeatedly stressed that those technologies most 
likely to succeed would be those focused on im-
proving the mission, from which some of the oth-
er possible benefits of DPS (such as increased reli-
ability, environmental friendliness, or even lower 
cost) are ultimately only side benefits. 

State Governments

States have been the primary “policy-lab” for DPS 
to date and should continue to play the central 
role in developing DPS policies through state gov-
ernments, legislatures, utility regulatory commis-
sions, and local entities. Since DPS are designed 
and implemented closest to customers at the dis-
tribution level, barriers and solutions are more 
location-specific, and state and local institutions 
are best equipped to address them. However, state 
and local policies do not operate in a vacuum and, 
as described above, federal policy plays a key role 
in setting national priorities and broad direction.
   
Given the number of renewable or alternative en-
ergy portfolio standards in place in states across 
the United States, it appears that the goal for 
many states is to reduce carbon emissions as well 
as to reap the benefits of a green economy includ-
ing job creation, energy security and cleaner air.  
The specific renewable or alternative energy goals 
of each state may vary, the standards may have 
a wide range, and the qualifying energy sources 
may vary, but these states clearly have an environ-
mental goal to reduce carbon emissions.  
 
The Need for Differentiated DPS Policies

DPS projects can range from very small projects 
to much larger projects. These different project 
sizes require different investment amounts and 
varying amounts of risk, and require a different 

http://www.defense.gov/pubs/BSR_2007_Baseline.pdfhttp
www.defense.gov/pubs/BSR_2007_Baseline.pdf
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Table 7. Policy oPTions for differenT dPs ProjecT sizes

  Project Size # States  

Policy Option
Small  

(< 2 MW)
Medium (2 to 

100 MW)
Large  

(> 100 MW)
Adopted

Under 
Review

Type of 
Sale

Net Metering X   
45 states 

&  DC
 Retail

Feed-in Tariff  X  5 4 Wholesale
Reverse Auction Market  X  CA  Wholesale

Renewable Portfolio Standard   X
29 states 

& DC
 Wholesale

policy response. In addition, there is a fundamen-
tal difference between providing power for self-
supply (a retail transaction) and selling power 
to the utility for resale to end-use customers (a 
wholesale transaction). 

Given the nature of retail and wholesale electricity 
markets in the United States today, we recommend 
that policy tools for DPS be differentiated accord-
ing to the size and type of project. Net metering 
(with some kind of dynamic pricing mechanism) 
is the most appropriate policy tool for self-supply 
DPS projects, while production based policies—ei-
ther in the form of FITs or set through an auction—
are the most appropriate policy tool for medium 
sized DPS projects that sell their power into the 
wholesale market for resale.  For large DPS projects 
(those over 100 MW, for example), we believe that 
the most appropriate state policy tool is the renew-
able portfolio (or alternative energy) standard. 

In Table 7, we provide a matrix of policy mecha-
nisms most appropriate for each project size and 
type of sale.  

Below are some specific recommendations for 
each project size.

Small Projects

1. Allow Net Metering for Small DPS Projects

Most states currently allow small DPS projects 
for self supply (those up to around 2MW) to be 

net-metered. This approach should be adopted by 
all states to allow DPS to compete with other re-
sources in the power sector. 

2. Implement a DPS Dynamic Pricing 
Mechanism for Accurately Valuing 
Customer-sited Dps Generation

Accurately pricing the electricity generated by 
customer-sited DPS is fundamental to the fu-
ture of DPS as a resource in the U.S. power sys-
tem. Currently, self-generated power is supplied 
at the retail rate (i.e., the meter runs backwards) 
and most excess customer-generated power is 
credited at the customer’s retail rate.  To more ac-
curately reflect the value of the power produced, 
states should consider pricing DPS using a dy-
namic rate.   This rate could be the average spot 
market price for the excess power generated; the 
real time price, the locational marginal price, or 
a critical peak price. Pricing the power produced 
by DPS using a dynamic rate can help eliminate 
the need to limit the amount of DPS on a system.  
However, if DPS is not priced accurately, the re-
sult can be an oversupply of DPS in places on the 
system where power is not needed.  Customers on 
DPS systems should not remain on flat rates.

3. Do Not Set Capacity Limits by DPS 
Power Source

Just as DPS should be allowed to compete with 
other generation sources, states should not use 
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quotas or upper limits to discriminate between 
different DPS sources. While this may result in an 
environment that disadvantages more expensive 
technologies, the latter can be supported by finan-
cial incentives.

4. Apply Common Net Metering Models 
and Interconnection Standards

Net metering policies currently vary in terms of 
eligible renewable energy sources, limits on sys-
tem capacity for each project, limits on aggregate 
capacity (as a percent of a utility’s peak demand), 
how net excess generation is handled and whether 
meter aggregation is permitted. To provide clar-
ity to DPS investors and operators, net metering 
terms should be harmonized to apply consistently 
to all utilities within a state.  To the same end, state 
PUCs and energy commissions should work to 
implement common interconnection standards.

Medium-sized projects

5. Design Feed-in Tariffs that Place an 
Initial Cap on Capacity; Phase Out the 
Cap Over Time as FIT Prices Ratchet 
Down to Competitive Prices

A major challenge in using FITs as an incentive 
mechanism for DPS is the difficulty of setting ap-
propriate prices.   States that want to use FITs to 
increase the amount of DPS on a system should 
consider designing FITs that set a cap for capac-
ity that phases out over time as FIT prices ratchet 
down to competitive prices.   Such an approach 
will increase the competitiveness of DPS technol-
ogies and applications, while reducing the impact 
of this resource on rate payers.

6. Use Reverse Auctions as a Method for 
Promoting DPS 

Rather than setting a predetermined price for a 
FIT to incent DPS development, states should 

consider the use of reverse auctions through 
which the tariff rate is set by bids from eligible 
DPS developers. Such auctions provide a mar-
ket-based mechanism for setting price levels and 
thereby limit the impact of this resource on rate 
payers. In our view, auctions are the preferred 
mechanism for pricing DPS.

Large Projects

7. Allow DPS to be Eligible for RPS 
Without Discrimination

States with renewable portfolio standards in 
place should include power generated by re-
newable DPS as eligible for meeting the goal 
without limits or quotas.
 
Recommendations for Further Study

In addition to the recommendations above, there 
are a number of policy approaches that were 
raised by stakeholders in our outreach whose 
adoption may enable the potential value of DPS 
to be realized. States should consider a full evalu-
ation of these policy approaches as they seek to 
maximize the economic and environmental po-
tential of all resources at their disposal.
 

1. Decoupling or Lost Revenue Recovery 
within the Current Regulatory 
Framework

Much of the feedback from stakeholders about the 
potential and appropriate role for DPS addressed 
the question of the future structure and business 
model of the U.S. power sector. For those who 
want to see a paradigm shift in the way that power 
is sold and consumed, decoupling is an essential 
mechanism for incentivizing efficiency and pro-
moting competition from non-utility generators. 
As stated in Chapter 4, 13 states have decoupling 
mechanisms in place with another nine pend-
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210 Institute for Electric Efficiency. “State Electric Efficiency Regulatory Frameworks,” June 2011. 
211 For example, see: “Community Renewables: Model Program Rules,” Interstate Renewable Energy Council, November 2010. 
212  See: “Public Utilities Commission of the State of California Resolution E-4414,” CPUC, 18 August 2011. (http://docs.cpuc.ca.gov/WORD_

PDF/FINAL_RESOLUTION/141795.PDF).
213  “Next Generation Energy Act of 2007,” HF436/SF145*/CH136, Public Information Services, Minnesota House of Representatives. (http://

www.house.leg.state.mn.us/hinfo/newlawsart2007-0.asp?yearid=2007&storyid=608). 
214  “Chapter 4901:1-39,” Public Utilities Commission of Ohio – Energy, Jobs, Progress: Ohio Senate Bill 221. (http://www.puco.ohio.gov/puco/

index.cfm/consumer-information/consumer-topics/energy-jobs-progress-ohio-senate-bill-221/)

ing, and nine states have lost revenue recovery 
mechanisms in place with two pending.210 A full 
evaluation of the merits of decoupling is beyond 
the scope of this paper. However, it is clear that 
widespread adoption of decoupling or some type 
of lost revenue recovery mechanism would have 
potentially beneficial results for DPS.
  

2. Promotion of Community and 
Aggregated Systems 

Establishing policies and regulations that per-
mit aggregated DPS and micro-grids can pro-
vide multiplier benefits for local communities 
and utilities. Specific mechanisms include virtual 
net metering, energy improvement districts, and 
community choice aggregators.211

3. Collection and Dissemination of 
Distribution System Information

Requiring utilities to assess, map and publish 
technical information on the distribution system 
can greatly facilitate the siting of DPS systems. A 
CPUC decision required PG&E, SCE and SDGE, 
to “provide the ‘available capacity’ at the substa-
tion or circuit level in map format.”212 It goes on to 
say “if unable to initially provide this level of detail 
each IOU must provide the data at the most de-
tailed level feasible, and work to increase the preci-
sion of the information over time.” In Minnesota, 
the Next Generation Energy Act of 2007 required a 
statewide study to look into how much distributed 
generation could contribute into its renewable en-
ergy portfolio and what locations would be best for 
distributed generation projects.213

4. Incorporation of DPS into Planning 
(Prudence Reviews) 

In a budget constrained environment along with 
high energy prices, a good low cost fall-back  
approach is to consider all technologies in re-
source planning.  Utilities need a broader menu of 
choices and should be free to pursue any technol-
ogy that makes sense. This has worked at federal 
level and needs to carry over to the state level. This 
would be supported by uniform cost effectiveness 
tests (see below) and local integrated resource 
planning that targets marginal distribution costs.
 

5. Development of Cost Effectiveness 
Criteria 

There are standard cost effectiveness tests used by 
PUCs, which typically apply to energy efficiency 
and take into account all of the costs and benefits 
of such systems as well as the winners and losers.   
Similar tools could be required to quantify and 
monetize the benefits of DPS. 
 

6. Establishment of Peak Demand 
Reduction Standards

This mechanism refers to programs requiring utili-
ties to reduce peak demand by a specific amount.  
For example, in 2009, the Ohio Public Utilities 
Commission developed rules for energy efficiency 
and demand reduction benchmarks such that “each 
electric utility is required to implement peak-de-
mand reduction programs designed to achieve es-
tablished statutory benchmarks for peak-demand 
reduction.”214 California, in its Assembly Bill 2021 

http://docs.cpuc.ca.gov/WORD_PDF/FINAL_RESOLUTION/141795.PDF
http://docs.cpuc.ca.gov/WORD_PDF/FINAL_RESOLUTION/141795.PDF
http://www.house.leg.state.mn.us/hinfo/newlawsart2007-0.asp?yearid=2007&storyid=608
http://www.house.leg.state.mn.us/hinfo/newlawsart2007-0.asp?yearid=2007&storyid=608
http://www.puco.ohio.gov/puco/index.cfm/consumer-information/consumer-topics/energy-jobs-progress-ohio-senate-bill-221/
http://www.puco.ohio.gov/puco/index.cfm/consumer-information/consumer-topics/energy-jobs-progress-ohio-senate-bill-221/
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215  “California Incentives/Policies for Renewables & Efficiency: Energy Efficiency Resource Standard,” Database of State Incentives for 
Renewables & Efficiency (DSIRE), Last reviewed: 6 January 2011. (http://www.dsireusa.org/incentives/incentive.cfm?Incentive_
Code=CA62R&re=1&ee=1).

of 2006, also required the California Energy Com-
mission and the California Public Utilities Com-
mission to develop efficiency savings and demand 
reduction targets for ten years.215 Although peak 
demand reduction goals would benefit DPS, such 
goals could in fact result in an oversupply of DPS 
at a price above market. We believe that a market 
mechanism such as demand reduction in response 
to a market price signal (i.e., demand response 
or DR) is a more appropriate and cost effective 
mechanism for meeting peak demand reduction 
goals.  Since the potential for DR is quite large in 
the United States, we believe that DR should be the 
“go to” mechanism for reducing peak demand not 
demand reduction mandates.

7. Third-Party Ownership

One recent approach to alleviate the burden of high 
up-front capital costs of renewable energy projects 
for individuals and small institutions has been for 
third parties to install, own and operate all equip-
ment and facilities, and then provide the power to 
the customer. However, in some states, third party 
distributed generation owners may be considered 
an electricity provider and thus subject to regula-
tory commission oversight. States should consider 
instituting the necessary statutory changes to al-
low third party ownership of DPS to avoid the in-
creased costs and administrative requirements as-
sociated with regulated entity status.

State and Federal Support for Key DPS 
Applications 

Given the large potential benefits that could be 
captured from CHP and storage, we recommend 
that both federal and state governments establish 
a more robust policy framework to support these 
applications. While we are not endorsing partic-
ular previously proposed legislation, blelow we 

highlight several mechanisms that should be con-
sidered by policy makers.
 
Storage

The Electricity Storage Association (ESA) sup-
ports a number of policies for energy storage to be 
competitive as an energy resource such as incor-
poration of storage in the prudence reviews for 
utility resource planning, investment tax credits 
and loan guarantees, set-asides in portfolio stan-
dards and federal R&D funding. Specific federal 
policies include: 

•	 The Clean Energy Financing Act of 2011: 
Creating CEDA (described in Section 
6.2.1). 

•	 S.1351, or the Battery Innovation Act: 
To promote development, manufactur-
ing and use of advanced batteries, Sena-
tor Debbie Stabenow (D-MI) has referred 
the Battery Innovation Act to the Senate 
Committee on Energy and Natural Re-
sources. It is the first coordinated plan 
to include all aspects of advanced battery 
production such as R&D, raw material 
availability and manufacturing. The bill 
also seeks to create an Energy Innovation 
Hub to bring together universities, busi-
nesses and nonprofits in the development 
of these technologies.

•	 Storage Technology of Renewable and 
Green Energy Act of 2009 (STORAGE): 
Senator Ron Wyden had proposed this 
bill that would provide a 20 percent in-
vestment tax credit for various types of 
energy storage facilities and equipment, 
and another tax credit that would ap-
ply to electrical storage technologies 

http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA62R&re=1&ee=1
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA62R&re=1&ee=1
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216  “Storage Technology of Renewable and Green Energy Act of 2009 (STORAGE),” United States Senator Ron Wyden – Issues and 
Legislation. (http://wyden.senate.gov/issues/legislation/details/?id=ca1be51d-95e0-4128-ad44-4bc53828c36f&p=ac76c3bb-af2f-4049-9c10-
ca77fbd00e6b).

217  For example, Oak Ridge National Laboratory compiled a report in May 2011 on policy options to promote energy efficiency. The report 
echoed the CHP industry’s call for output-based emissions standards, tax incentives and a federal energy portfolio standard with CHP, as 
well as other measures including property assessed clean energy financing and energy efficiency rebates. Marilyn A. Brown et al, “Making 
Industry Part of the Climate Solution: Policy Options to Promote Efficiency,” Oak Ridge National Laboratory, May 2011.

218  Energy Security in Critical Government Infrastructure, GP Feasibility Studies for Critical Government Buildings and Facilities. (www.
txsecurepower.org). 

that connect to electricity transmission 
and distribution systems. A 30 percent 
tax credit in the bill is provided for on-
site use in individual homes, businesses 
and factories. There is also financing for 
smart-grid devices to manage the charg-
ing and storage of electricity. Home and 
factory owners could use the tax credits 
to finance individual thermal cooling 
systems or biomass equipment installa-
tion and steam power. The tax credit is 
based on the amount of energy stored 
and not on the type of technology.216

•	 State Initiatives: At the state level, the 
California Energy Storage Alliance sup-
ports California’s AB 2514 requiring 
“CPUC, by March 1, 2012, to open a 
proceeding to determine appropriate tar-
gets, if any, for each load-serving entity 
to procure viable and cost-effective en-
ergy storage systems and, by October 1, 
2013, to adopt an energy storage system 
procurement target, if determined to be 
appropriate, to be achieved by each load-
serving entity by December 31, 2015, and 
a second target to be achieved by De-
cember 31, 2020.” Similar requirements 
are made of the governing board of lo-
cal publicly owned electric utilities.  The 
CPUC has already initiated proceedings, 

requesting and receiving comments from 
industry stakeholders.  Storage is also in-
cluded in California’s SGIP.  

CHP
 
It is clear from our modeling and feedback from 
the participants in our research, as well as a wide 
range of recent, supporting studies, that there 
are considerable untapped benefits from CHP.217  
CHP advocates support several basic policy ini-
tiatives to realize this potential, including  output 
based emissions rules for all generators, inclu-
sion of CHP in any portfolio standards, or stan-
dard offer programs, financial incentives and en-
hanced awareness and education.  Some specific 
policy efforts to be considered include the Clean 
Local Energy Efficiency and Renewables Act of 
2011 (CLEER) with provisions for an investment 
tax credit of 10 percent for CHP and tax exempt 
bonds for the financing of certain energy plants 
and; Texas Law HB 1831 (2009) requiring any 
organization that is building or making major 
renovations to a critical government facility to 
undertake first a CHP feasibility study and “when 
the expected energy savings of the CHP system 
exceed the expected costs of purchasing, operat-
ing, and maintaining the system over a 20-year 
period, equipping the facility with a combined 
heating and power system is preferred to promote 
energy security.”218

http://wyden.senate.gov/issues/legislation/details/?id=ca1be51d-95e0-4128-ad44-4bc53828c36f&p=ac76c3bb-af2f-4049-9c10-ca77fbd00e6b
http://wyden.senate.gov/issues/legislation/details/?id=ca1be51d-95e0-4128-ad44-4bc53828c36f&p=ac76c3bb-af2f-4049-9c10-ca77fbd00e6b
http://www.txsecurepower.org
http://www.txsecurepower.org
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anneX 2: sTaTe Policies 

CATEGORY:  Financial Incentives
POLICY:  Tax Incentives 
EXAMPLES/DESIGN FEATURES: 

Key design features of tax incentives include:
•	 Eligible systems
•	 Type (i.e. credit or exemption)
•	 Amount by sector (i.e. commercial, in-

dustrial or residential)
•	 By level(s) of government
•	 Length of time in place

Tax Exemptions

Colorado: Colorado exempts qualifying renew-
able and distributed generation technologies 
from sales tax until the year 2017. In addition, 
Colorado does not assess the value of distributed 
energy resource infrastructure when determining 
property taxes, so long as the electricity generated 
by the systems is used on-site.

Connecticut: Connecticut has a wide range of in-
centives for distributed generation systems. With 
regard to purchase and installation of solar and 
geothermal systems, since 2007 all equipment, as 
well as all labor for installation, has been exempt 
from state sales taxes when used in the commer-
cial and residential sectors, under the Residential 
Solar PV Rebate Program. Connecticut also pro-
vides a 100 percent property tax exemption for all 
renewable distributed power systems that exclu-
sively serve residential dwellings.

New Jersey: New Jersey’s Solar Energy Sales Tax 
Exemption allows for the tax-free purchase of a 
wide range of solar energy-related equipment by 
commercial, residential, industrial and private 
use customers. There is no upper limit to the 
exemption, which removes the state’s general 7 

percent sales tax from all equipment purchases. 
In 2008, New Jersey passed legislation removing 
100 percent of the value of DG systems from local 
property tax assessments, if the power generated 
by such systems is consumed on-site. Industrial, 
residential and commercial customers are all eli-
gible for this program.

New York: New York’s Energy Conservation Im-
provements Property Tax Exemption removes 
state, municipal, school district, and ad valorum 
tax liability for residential customers who im-
prove their property by adding PV, wind, bio-
mass or geothermal generation systems to their 
home. The property tax exemption is equal to the 
amount of the increase in value of the dwelling 
the residential customer would experience as a re-
sult of the installation of such renewable systems. 
Until 2014 when the program expires, New York 
State also has a 15 year real property tax exemp-
tion for solar, wind and farm-waste energy sys-
tems constructed in the state. This incentive is a 
local option incentive, and municipalities must 
opt-out of the incentive if they do not wish to 
provide it. 

Oregon: In Oregon, commercial, industrial and 
residential end users of electricity generated by 
renewable distributed generation on their prop-
erty are exempt from taxes on the value of such 
systems.

Tax Credits

Arizona: Arizona’s Residential Solar & Wind Tax 
Credit encourages homeowners to install solar or 
small wind distributed resources on their prop-
erty through a personal tax credit of 25 percent of 
the system’s installed cost, or $1,000, whichever 
is lower. In force since 1995, the program credit 
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is assessed only in the tax year during which the 
generation resource is installed. Arizona also has 
in place PTCs: the Renewable Energy Production 
Tax Credit and Non-Residential Solar & Wind 
Tax Credit both offer incentives to commercial 
users and producers of solar energy. The Renew-
able Energy Production credit offers a credit on 
the amount of electricity produced over a ten year 
period by systems over 5 MW installed between 
December 2010 and January 2021. The per-kWh-
produced credit gradually decreases over the ten 
years from the year of installation. The maximum 
credit per year is $2 million. Personal tax credits 
under the Renewable Energy Tax Credit program 
also support the installation of new renewable en-
ergy generation technologies. The applicable pro-
visions are the same as those for the corporate pro-
gram mentioned above, although the credits apply 
to personal rather than corporate tax liability.

The Non-Residential Solar & Wind Tax Credit 
exempts ten percent of a system’s total installed 
cost, up to $50,000 per business. Third-parties in-
stalling or manufacturing the systems, along with 
those that finance the systems’ installation, are 
eligible for the credit. There are no restrictions on 
the size of the solar or wind system installed. The 
tax credit applies to all taxable years up to 2018.

New York: New York provides a personal income 
tax credit of 25 percent of the value of equip-
ment and installation services of grid-connected 
PV systems under 10 kW. Such systems must be 
newly installed, and have a maximum incentive 
of $5,000.

North Carolina: The North Carolina Renewable 
Energy Tax Credit provides a tax credit equal to 
35 percent of renewable systems constructed, 
purchased or leased and put into service in North 
Carolina during all tax years up to and including 
2015. Provisions that set a credit ceiling of $10, 
500 for PV, wind, CHP and some other systems 
when they are used for non-business purposes. 

The credit may also not exceed 50 percent of the 
customer’s total tax liability after reduction due to 
all other tax credits. The credit must be taken in 
the tax year in which the equipment is installed, 
and in the case that the entire eligible credit is not 
taken in that year, portions of it may be carried 
over for a maximum of five years.

Oregon: The state’s Residential Energy Tax Credit 
provides a personal tax credit of up to $6,000, or 
50 percent of an installed PV system’s net cost. 
However, only $1,500 may be used during each 
tax year and credits may be carried forward for up 
to 5 years. Wind generation is eligible for a credit 
of the lesser of $2/kWh produced during the first 
year of operation or $6,000. Closed-loop geother-
mal systems are eligible for credits between $300 
and $900.

Vermont: Vermont has several tax credit pro-
grams for DG. The corporate tax credit for C-
Corporations is 30 percent of the value of the 
installed DG system against the corporation’s tax 
liability. Currently, only projects 150 kW or less 
are eligible for the credit. For individual filers 
involved in partnerships or other pass-through 
business entities, the 30 percent credit will expire 
as of September 2011, and will be replaced by a 
7.2 percent Vermont state credit. In addition, all 
purchases of renewable energy equipment for a 
system of up to 250 kW in capacity are exempt 
from state sales tax. Vermont has also passed a 
law giving municipalities the option of exempt-
ing renewable technologies from local property 
tax assessments of all types of customers, though 
state tax still in all cases applies.

Other 

Property Assessed Clean Energy (PACE)

A Property Assessed Clean Energy (PACE) pro-
gram is a method whereby property owners can 
pay for clean energy installations and retrofits 
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219  “Property-Assessed Clean Energy (PACE) Programs,” U.S. DOE Energy Efficiency & Renewable Energy, Last updated: 15 March 2011. 
(http://www1.eere.energy.gov/wip/solutioncenter/financialproducts/pace.html)

220  “Property Assessed Clean Energy (PACE),” PEW Center on Global Climate Change, Updated: 14 June 2011. (http://www.pewclimate.org/
what_s_being_done/in_the_states/property_assessed_clean_energy) (PEW 2011.)

221  Mark Muro and Devashree Saha, “Bring Residential PACE Back to Life,” The Brookings Institution, 30 August 2011. (http://www.brookings.
edu/opinions/2011/0830_clean_energy_muro_saha.aspx) (Muro and Saha 2011.)

222 PEW 2011.
223 (Muro and Saha 2011.)
224  “H.R. 5766: To ensure that the underwriting standards of Fannie Mae and Freddie Mac facilitate the use of property assessed clean energy 

programs to finance the installation of renewable energy and energy efficiency improvements,” GovTrack. (http://www.govtrack.us/
congress/bill.xpd?bill=h111-5766)

225 “Strong Bipartisan Support Continues for HR 2599,” PACE NOW. (http://pacenow.org/blog/).
226  “H.R. 2599: To prevent Fannie Mae, Freddie Mac, and other Federal residential and commercial mortgage lending regulators from adopting 

policies that contravene established State and local property assessed clean energy laws” United States Government 12th Congress 1st 
Session. (http://pacenow.org/blog/wp-content/uploads/HR-2599-PACE-Protection-Act-of-2011.pdf).

through additions to their property taxes rather 
than paying the upfront cost. The PACE model 
follows a rather common financing structure 
where land-secured financing districts or munici-
palities (also called special tax/assessment dis-
tricts) can issue bonds to fund energy efficiency 
and renewable energy projects. “Property own-
ers that benefit from the improvements repay the 
bond through property assessments, which are 
secured by a property lien and paid as an addition 
to the property tax.”219 The low-interest repay-
ment is over a relatively long period of time, up to 
20 years. Under these programs, a local govern-
ment designates an improvement district which 
may follow municipal boundaries, but only those 
property owners who voluntarily choose to be 
included in the program are eligible for PACE fi-
nancing. If the property is sold, the debt transfers 
to the new owner. The PACE concept was first in-
troduced in Berkeley, CA, where a pilot program 
was approved in September 2008.220 Currently, 27 
states and the District of Columbia have autho-
rized PACE programs.221

However, in July 2010, the Federal Housing Fi-
nance Agency (FHFA) stated their opposition to 

state laws that allow PACE programs the “senior 
lien on a property.”222 Consequently, many PACE 
programs are on hold while the issue is being ad-
dressed. FHFA argued that such PACE programs 
posed risks for lenders and mortgage securities 
investors. Thus, FHFA had directed Fannie Mae, 
Freddie Mac and the Federal Home Loan Banks 
to “restrict the kind of loans that homeowners can 
get if they live in a PACE-designated area.”223

In the 111th Congress, a bill (HR 5766) was intro-
duced that sought to allow Fannie Mae, Freddie 
Mac and other lenders to accept the PACE financ-
ing model. However, the bill never made it out of 
committee.224 In the current Congress, the PACE 
Assessment Protection Act 2011 (HR 2599) was 
recently introduced as federal support for PACE 
programs. This bill appears to have bipartisan 
support—it was cosponsored by 14 Republicans 
and 11 Democrats before the August House re-
cess and now has 40 sponsors225—and it seeks to 
“prevent Fannie Mae, Freddie Mac, and other fed-
eral residential and commercial mortgage lending 
regulators from adopting policies that contravene 
established state and local property assessed clean 
energy laws” subject to certain criteria.226

http://www1.eere.energy.gov/wip/solutioncenter/financialproducts/pace.html
http://www.pewclimate.org/what_s_being_done/in_the_states/property_assessed_clean_energy
http://www.pewclimate.org/what_s_being_done/in_the_states/property_assessed_clean_energy
http://www.brookings.edu/opinions/2011/0830_clean_energy_muro_saha.aspx
http://www.brookings.edu/opinions/2011/0830_clean_energy_muro_saha.aspx
http://www.govtrack.us/congress/bill.xpd?bill=h111-5766
http://www.govtrack.us/congress/bill.xpd?bill=h111-5766
http://pacenow.org/blog/
http://pacenow.org/blog/wp-content/uploads/HR-2599-PACE-Protection-Act-of-2011.pdf


aSS ESS I n g  T H E  RO l E  O F  d I ST R I B u T E d  P Ow E R  SyST E m S  I n  T H E  u . S .  P Ow E R  S ECTO R

92

STATE POLICIES 

227  Charles Kubert and Mark Sinclair, “Distributed Renewable Energy Finance and Policy Toolkit,” Clean Energy State Alliance (CESA), 
December 2009. (CESA 2009)

228 Ibid.
229 Ibid.
230 Ibid.

CATEGORY:  Financial Incentives
POLICY:  Grants and Loans 
EXAMPLES/DESIGN FEATURES: 

Grants

Key design features of a grant program include:227

•	 Eligible technologies and potential for 
scale-up

•	 Use of new commercial or demonstration 
technologies

•	 Potential for replicability and useful les-
sons-learned

•	 Technical feasibility, efficiency and onsite 
utilization for proposed projects

•	 Economic and environmental analysis 
and feasibility of ownership model(s)

•	 Project risk
•	 Development timeline
•	 Clarity and reasonableness of work plan
•	 Cost of proposed project
•	 Impact of proposed project on renewable 

marketplace
•	 Potential for securing and leveraging pri-

vate financing

Grant programs are usually through a solicitation 
or request for proposal (RFP) model. Applicants 
would deliver a comprehensive application package 
that addresses technical, economic, environmental 
and financial aspects of the proposed projects. After 
reviewing the applications, often with the assistance 
of external technical experts, grant managers deter-
mine whether or not to support the projects and, if 
so, the level of funding.228 There are a variety of pos-
sible forms that the solicitations can take.

Loans

Key design features of loan programs include:229

•	 Type of loan programs and eligible tech-
nologies

•	 Capital requirements
•	 Project risks
•	 Interest rates
•	 Repayment terms
•	 Interaction with private lenders
•	 Cost to the state
•	 Required administration costs and over-

sight
•	 Upfront capital cost requirements
•	 Project ownership requirements

Types of loan programs include:230 
•	 Direct loans to underwrite certain proj-

ects
•	 Matching loans to provide a share of the 

total project loan, often below market in-
terest rate, if the borrower also has a com-
mercial lender

•	 Interest rate buy-down is when the state 
subsidizes the interest rate offered by a 
private lender for a qualified loan

•	 Linked deposits are a version of interest 
rate buy-down programs where certain 
banks pay below-market interest pay-
ments on some state deposits while being 
required to re-lend the funds at below-
market interest rate for qualifying clean 
energy projects

•	 PAYS (“pay as you save”) or on-bill fi-
nancing removes upfront cost and long 
payback barriers such that monthly pay-
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ments are below value of energy savings 
(so as to make the investment positive in 
terms of cash-flow) and ties the loan obli-
gation to the electric meter instead of the 
building owner (obligation then transfers 
with building ownership)

•	 Loan guarantees protect lenders against 
some percentage of its capital losses in 
case of a default

Colorado: Colorado’s New Energy Economic De-
velopment (NEED) fund provides grants for com-
mercial, industrial and residential installation 
of renewable technologies for power generation 
on-site. Though previously funded by the state, in 
2010, all 22 grant programs received their funding 
from allocated ARRA money ($13 million avail-
able through ARRA). Similarly, Colorado’s Direct 
Lending Revolving Loan Program was started in 
2009 to help provide financing to renewable en-
ergy and energy conservation projects, which was 
not available through private sector lending. The 
minimum loan amount is $100,000.

Connecticut: Connecticut has grant programs to 
promote solar PV and other distributed resource 
use across the spectrum of end users. The On-Site 
Renewable Distributed Generation Program pro-
vides “break even” support with a “reasonable rate 
of return” for those customers electing to partici-
pate in the program. Eligible technologies include 
photovoltaics, landfill gas, wind, biomass, fuel cells, 
small hydroelectric, tidal energy, wave energy, 
ocean thermal as well as fuel cells using renewable 
fuels, so long as all electricity generated is used at 
the site where it is generated. The minimum size of 
a qualifying installation is 10 kW, with a maximum 
of 200 kW. The incentive offered for solar PV varies 
by type of owner and the capacity of the system in-
stalled. Of the $12.86 million budgeted for this pro-
gram, $7.2 million is reserved for solar installations.

Connecticut provides low-interest loans for “cus-
tomer-side” renewable distributed generation 

between 50 kW and 65 MW of installed capacity 
which are on the property of a retail end-user of 
electricity. Loans are fixed interest rate, and can-
not exceed the prime rate. The incentive applies 
only to new-build generation, or additional ca-
pacity installations. Previously installed genera-
tion capacity is not eligible.

Illinois: Illinois also has a number of grant and 
loan programs for DG promotion. The Illinois 
Clean Energy Community Foundation provides 
grants on a project-by-project application basis to 
wind, solar, biomass, fuel cell, and projects utiliz-
ing other technologies. The ICECF also adminis-
ters the Solar Schools Program, which provides 
up to $10,000 to schools which install 1 kW PV 
systems on their grounds, and which use the gen-
erated electricity in their operations.

North Carolina: North Carolina’s Energy Im-
provement Loan Program provides low-cost 
loans to schools, non-profits, local governments 
and businesses that install solar, wind, small hy-
dropower or biomass generation facilities for 
use in their operations. The interest rates on the 
loans for such facilities are 1 percent, with a 10 
year pay-back period. In order to qualify for the 
loan, customers must generally show that the loan 
can be paid back through the cost savings accrued 
through installation of the renewable generation 
technologies.

Vermont: The Clean Energy Development Fund 
Loan Program in Vermont provides low-interest 
support for purchase of land, buildings and equip-
ment, as well as working capital for renewable en-
ergy projects. A fixed-rate of 2 percnet is avail-
able to residential, commercial, non-profit and 
municipal entities. The minimum loan amount 
is $50,000, up to a maximum of $750,000. Loan 
terms for real estate and equipment are generally 
10 years. Working capital loans are not currently 
available, but may become so again in the future 
given necessary funding.
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CATEGORY:  Financial Incentives
POLICY:  Rebates 
EXAMPLES/DESIGN FEATURES: 

Key design features of rebates include:
•	 Eligible technologies
•	 Types of systems eligible (commercial or 

residential)
•	 Eligibility of various system sizes
•	 Performance standards
•	 Rebate caps, rebate level per watt
•	 How to adjust downward rebate levels
•	 Preventing dependency on rebates
•	 Interaction with clean energy market-

place
•	 Need to calculate effectively the market 

cost of eligible technologies

Colorado: Colorado’s Commercial and Resi-
dential Energy Rebate Programs provide up to 
$30,000 and $10,000 respectively to offset the 
costs of purchase and installation of qualifying re-
newable, grid-connected, distributed generation 
resources. Both programs were funded through 
state ARRA appropriations.

Connecticut: In addition, Connecticut offers a re-
bate for homeowners who install solar PV panels 
to generate power for their homes. The incentives 
begin at $1.75 for every watt for the first 5 kW 
installed, and drops to $1.25 for the next 5 kW. 
The maximum incentive is $15,000 per residence 
with the total amount based on expected system 
performance. Installed systems may not exceed 
10 kW of installed capacity. The program, which 
began in 2004, is funded up to $13 million. 

New Jersey: The New Jersey Renewable Energy In-
centive Program provides rebates for DG systems 
incorporating sustainable biomass, fuel cells and 
wind for electricity generation. The program also 

pays for feasibility studies on wind and biomass 
generation infrastructure. Compensation for in-
dividual systems is calculated on an expected per-
kWh produced basis for wind systems, with a cap 
of 120 percent of anticipated system performance. 
Compensation is on a per-kW-installed basis for 
sustainable biomass and fuel cell systems, capped 
at 30 percent of installed costs and 40 percent if 
the system includes combined heat and power 
(CHP). Non-residential DG feasibility studies for 
wind or sustainable biomass projects are gener-
ally reimbursed at 50 percent of costs for systems 
over 100 kW, up to $50,000. Output of the systems 
should not exceed 100 percent of historical elec-
tricity usage for the site. 

New York: The On-Site Small Wind Incentive 
Program provides rebates for the installation of 
grid-connected wind generation capacity on the 
property of all classifications of energy custom-
ers. The program provides rebates dependent on 
the anticipated annual electricity generation of 
the systems when installed: $3.50/kWh for the 
first 10,000 kWh; $1.00/kWh for the next 115,000 
kWh; and $0.30/kWh for any generation above 
125,000 kWh per year. This program is funded 
through the end of 2011.

The PV Incentive Program provides rebates for 
residential PV systems of 7 kW or under, non-resi-
dential systems of 50 kW or under, and non-profit, 
school or municipality systems of 25 kW and un-
der. The rebate is $1.75/Watt-installed, but cannot 
exceed 40 percent of system costs after any tax 
credits are removed. Residential customers have a 
maximum rebate of $12,250; non-residential cus-
tomers have a maximum of $87,500; and non-prof-
its, schools and municipalities have a maximum of 
$43,750. All PV systems must be grid-connected 
to receive rebates, and system size may not exceed 
110% of demonstrated customer demand.
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Oregon: The Oregon Energy Trust Small Wind 
Incentive Program provides up to $45,000 for 
residential wind systems and up to $80,000 for 
systems installed on commercial property. Un-
less specially certified, systems may not exceed 
100 kW. The Oregon Energy Trust Solar Electric 
Buy-Down Program offsets the costs of PV panel 
purchase and installation. For residential con-
sumers the maximum rebate is $20,000, though 
the per-Watt incentive differs depending on the 
utility serving the customer. For industrial and 
commercial customers, the maximum incentive 
rises to $100,000 for Pacific Power customers and 
$600,000 for Portland General Electric custom-
ers. The per-Watt incentives are also dependent 
on the size of the system and the utility. Non-prof-

it and government consumers are eligible for re-
bates between $150,000 and $200,000, dependent 
again upon the size of the PV system installed and 
the utility serving the customer.

Vermont: Rebates in Vermont are available for 
many types of DG, including micro-hydropower, 
wind energy and PV, with systems restricted to 10 
kW of capacity. Maximum incentives are $7,500 
for residential PV systems and $16,500 for com-
mercial systems (which are incentivized up to 25 
kW); $25,000 for residential wind capacity and 
$165,000 for commercial wind; and $8,750 for 
both residential and commercial micro-hydro 
generation. All capacity must be grid-connected 
in order to receive a rebate.
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231  Julie Taylor, “Feed-in Tariffs (FIT): Frequently Asked Questions for State Utility Commissions,” The National Association of Regulatory 
Utility Commissioners (NARUC), June 2010. (NARUC 2010)

232 Ibid.
233  “Summary of Feed-in-Tariffs,” California Public Utility Commission, Last modified: 1 July 2011. (http://www.cpuc.ca.gov/PUC/energy/

Renewables/feedintariffssum.htm).
234  “California Feed-In Tariff,” Database of State Incentives for Renewables & Efficiency (DSIRE), Last reviewed: 3 October 2011. (http://www.

dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA167F&re=1&ee=1) (DSIRE California FIT 2011.)
235  Charles Kubert and Mark Sinclair, “A Review of Emerging State Finance Tools to Advance Solar Generation,” Clean Energy States Alliance, 

March 2010. (CESA 2010.)
236  “California Approves Feed-In Tariffs for Renewable Energy Systems,” U.S. DOE Energy Efficiency & Renewable Energy, 20 February 2008. 

(http://apps1.eere.energy.gov/news/news_detail.cfm/news_id=11592)

CATEGORY:  Financial Incentives
POLICY:  Feed-in-Tariffs 
EXAMPLES/DESIGN FEATURES: 

There are several key design components of a 
FIT:231

•	 Payment methodology
•	 Contract length 
•	 Interconnection rules 
•	 Program and project caps 
•	 Tariff revision 
•	 Payment differentiation 
•	 Bonus payments

Several of these are described below.

Payment Methodology: One of the most critical 
issues to address is deciding how rates are cal-
culated. The two basic designs are cost-based or 
value-based. The cost-based approach is more 
common in Europe and “includes the cost of the 
renewable energy project, plus a return to inves-
tors as typically determined by program admin-
istrator…and is set and independent of fluctuat-
ing market conditions,” while the value based 
approach “builds upon market-based products to 
include a premium based on the value of renew-
able generation to society... as the price of energy 
and electricity shifts, the total FIT payment shifts 
along with it.”232 Another rate consideration in the 
design of the FIT is whether the payments should 
be scheduled to decrease through the life of a con-
tract or how new contracts should be differentiat-
ed in terms of cost later in the life of the program.

Contract Length: Contract terms are generally set 
for ten to twenty years in order to create a stable 
long-term policy environment to encourage in-
vestor security. 

Program and Project Caps: To prevent too many 
projects which could exponentially increase the 
cost to ratepayers, and to limit the integration im-
pact of introducing many projects, FIT programs 
are often capped. At the same time, project caps 
on each individual project are useful to support 
DPS and to ensure diversity. 

California: California developed the first version 
of its FIT in 2006 and it has been amended by leg-
islation in 2008 and then again in 2009.233 SB32 in 
2009 modified the approved FIT program for re-
newable energy generators of up to 3 MW in size. 
Eligible customer-generators can enter into 10, 15 
or 20 year standard contracts with their utilities 
at time-differentiated market-based prices.234 The 
program cap is 750 MW in total for all qualifying 
technologies.235 All IOUs and PUCs with 75,000 
or more costumers must make FIT available to 
their customers: the program capacity cap is dis-
tributed among the seven utilities in California in 
accordance to their size.236

Gainesville: The city of Gainesville, Florida has a 
solar PV FIT program, administered by the mu-
nicipal utility. The program is currently at capac-
ity though expected to reopen in January 2012. 
The contract length is 20 years and both residen-
tial and commercial generators are eligible for the 

http://www.cpuc.ca.gov/PUC/energy/Renewables/feedintariffssum.htm
http://www.cpuc.ca.gov/PUC/energy/Renewables/feedintariffssum.htm
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA167F&re=1&ee=1
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=CA167F&re=1&ee=1
http://apps1.eere.energy.gov/news/news_detail.cfm/news_id=11592


aSS ESS I n g  T H E  RO l E  O F  d I ST R I B u T E d  P Ow E R  SyST E m S  I n  T H E  u . S .  P Ow E R  S ECTO R

9 7

237 DSIRE California FIT 2011.
238 John Cole, “Hawaii Feed-in-Tariff,” Hawaii Public Utilities Commission (Presentation), 19 July 2010.
239 CESA 2010. 
240 Ibid.
241  Michael Kanellos, “Oregon’s Feed-In Tariff Sells Out in 15 Minutes,” Greentechsolar, 2 July 2010. (http://www.greentechmedia.com/articles/

read/oregons-feed-in-tariff-sells-out-in-15-minutes/)
242 “Feed in Tariff,” Solar Oregon. (http://solaroregon.org/residential-solar/steps-to-solar/solar-electric/feed-in-tariff)
243  “Oregon Pilot Solar Volumetric Incentive Rates & Payments Program,” Database of State Incentives for Renewables & Efficiency (DSIRE), 

Last reviewed 14 September 2011. (http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=OR134F&re=1&ee=1)
244  Dave Lamont, “U.S. Feed-in Tariff Example: Vermont,” The Regulatory Assistance Project (Presentation at the ADB Renewables Conference 

in Manila, Philippines on 22 June 2011). (Lamont 2011.)
245 CESA 2010.
246 Lamont 2011.
247 Ibid.

program. There is a choice for commercial gen-
erators and some residential generators to either 
enter into a FIT agreement or adopt net meter-
ing. Rates differ by whether the system is ground-
mounted, building-mounted or free-standing, 
and also by year of contract.237

Hawaii: Hawaii set up its FIT program in 2009 
with 20 year contract terms and a payment rate 
that is cost-based plus a reasonable return. The 
program cap is set at 5 percent of the 2008 peak 
energy generation for each of the utility compa-
nies. Hawaii’s program has three tiers to reflect 
economies of scale and the existing differences 
in interconnection costs among the islands. Rates 
differ by tiers and type of technology. Tiers 1 and 
2, which include 0-20 kW and 20-500 kW gen-
eration capacities, respectively, are to be imple-
mented first because there are fewer reliability 
concerns with smaller generation sizes. Before 
Tier 3 can be implemented, reliability standards 
must first be developed in Hawaii.238

Sacramento: The Sacramento Municipal Utility 
District (SMUD) launched its FIT in 2010. The 
program cap is already fully reserved. The rates 
in SMUD differ by technology type—that is, re-
newables and CHP—contract length, and time of 
day.239 For the renewables program, rates current-
ly range from $0.075/kWh to $0.294 in different 
season and times.240

Oregon: In Oregon, solar PV project applications 
were accepted in mid-2010 for the first phase 

of a FIT program. The program reached capac-
ity within 15 minutes and 75 projects won con-
tracts.241 Oregon’s FIT program is slightly differ-
ent from traditional models in that the energy 
generator does not act as a “mini power producer 
for the grid” but will, instead, use the power on-
site in order to offset electric costs while also re-
ceiving additional financial incentives from the 
utility.242 The rates vary by system size and geo-
graphic zone. The contract terms are for 15 years 
and the project cap is 500 kW or less. The third 
round of the program opened on the first of April 
2011 with the next round expected on October 3, 
2011. The program will reopen every six months 
until the program cap of 25 MW is reached or on 
March 31, 2015, whichever is first. The three utili-
ties involved are PGE, Pacific Power and Idaho 
Power.243

Vermont: In 2009, Vermont began the first com-
prehensive statewide FIT program in the United 
States.244 The program is capped at 50 MW with 
project caps of 2.2 MW. Like SMUD, the rates also 
differ by technology and type renewable,245 and 
no single technology can occupy more than 25 
percent of the application queue.246 The Vermont 
Energy Act of 2009 (Act 45 or H.446) has led to 
44 contracts and includes the following features: 
obligates all electric distribution utilities (except 
one) to be involved; requires prices to be reset ev-
ery two years for new contracts; and establishes 
contract terms to be 25 year contract for solar, 15 
year for landfill gas, and 20 year for all other re-
sources.247

http://www.greentechmedia.com/articles/read/oregons-feed-in-tariff-sells-out-in-15-minutes/
http://www.greentechmedia.com/articles/read/oregons-feed-in-tariff-sells-out-in-15-minutes/
http://solaroregon.org/residential-solar/steps-to-solar/solar-electric/feed-in-tariff
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=OR134F&re=1&ee=1
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248  Galen Barbose and Ryan Wiser, “Renewables Portfolio Standards in the United States: A Status Report with Data through 2007,” Lawrence 
Berkeley National Laboratory, April 2008. (LBNL 2008)

249  “Paying for Renewable Energy: TLC at the Right Price,” Deutsche Bank Climate Change Advisors, December 2009, p.52. (Deutsche Bank 
2009)

sTaTus of sTaTe rPs – sePTember 2011

Source: “RPS Policies,” Database of State Incentives for Renewables & Efficiency (DSIRE), September 2011. (http://dsireusa.org/summarymaps/
index.cfm?ee=1&RE=1)

CATEGORY: Rules & Regulations
POLICY:  Renewable Portfolio Standards 
EXAMPLES/DESIGN FEATURES: 

In addition to targets, timeframes, and carve outs, 
there are several other important RPS design fea-
tures that vary by state:248

•	 Eligible technologies
•	 Eligibility rules related to geographic lo-

cation and electricity delivery
•	 Whether existing projects can qualify
•	 How compliance is achieved and level of 

flexibility 
•	 Which entities are obligated

•	 Whether unbundled RECs are allowed
•	 Whether discretionary or non-discre-

tionary regulatory waivers are offered
•	 The degree to which contracting require-

ments are applied
•	 The role of state funding mechanisms

RECs are the main instrument used to demon-
strate and track RPS compliance, with each credit 
representing a MWh of renewable generation 
from an eligible facility, i.e., one REC is allocated 
for each MWh of generation, although a bonus 
credit can also be applied for capacity from cer-
tain technologies such as solar or DG.249 These 
RECs can then be bought and sold by compa-

http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
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250 More information and background on REC tracking systems can be found at LBNL 2008, pp.24-25.
251 CESA 2009.
252 LBNL 2008, p.24
253 Deutsche Bank 2009, p.52. 
254 Deutsche Bank 2009, p.54; and LBNL 2010, p.9.

nies in the market and tracked electronically.250 
For states with solar set-asides, solar renewable 
energy credits (SRECs) are created as a way to 
provide a revenue stream for solar system own-
ers: the price of SRECs can be determined under 
long-term contracts with a utility or in the spot 
market.251 Some states also use credit multipliers, 
which provide some multiple of credits for each 
MWh of generation from certain types of tech-
nology, such as solar. 

RPS are enforced in a variety of ways. In some 
states, instead of procuring generation or RECs, 
utilities can make an alternative compliance pay-
ment (ACP) or, in non-deregulated states there 
are explicit financial penalties usually expressed 
in dollars per MWh of shortfall.252 The ACP can 
usually be rate-based but functions as a ceiling 
in REC markets thus limiting the impact on rate 
payers.253 

Some states also allow the use of “unbundled” 
RECs. This refers to the environmental premium 
or value of renewable generation, separate from 
the electrons produced. In these markets trade is 
allowed in credits using the unbundled value of 
the generation for compliance purposes. The de-
velopment and more widespread use of electronic 
tracking systems for RECs prompted more states 
to allow unbundled RECs. 

There are differences between regulated and de-
regulated markets in terms of how RPS mandates 
and RECs function. In deregulated markets there 
is more short-term trade in unbundled RECs, as 
well as the use of PPAs—Deutsche Bank has ob-
served that RECs are becoming “blended into the 
PPA process,”—and in regulated markets, utili-
ties have typically used bundled PPAs through an 
RFP solicitation process or bilateral negotiation 
under regulatory oversight.254
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sTaTus of sTaTe neT meTering Programs – ocTober 2011

Source: “Net Metering Policies,” Database of State Incentives for Renewables & Efficiency (DSIRE), October 2011. (http://dsireusa.org/
summarymaps/index.cfm?ee=1&RE=1)

STATE POLICIES 

CATEGORY: Rules & Regulations
POLICY:  Net Metering 
EXAMPLES/DESIGN FEATURES: 

IREC’s “Connecting to the Grid” provides an in-
depth review of interconnection design issues, 
some of which are similar to those described in 
interconnection. The following discussion draws 
on its extensive work in this area.

Key design features for net metering include the 
following: 

•	 Eligible technologies 
•	 Applicable sectors 

•	 Applicable utilities 
•	 Limits on system capacity 
•	 Limit on aggregate capacity 
•	 Net excess generation (NEG)
•	 Handling of RECs
•	 Third party arrangements
•	 Metering (TOU, AMI)

Capacity Limits – Net metering rules typically 
specify system capacity limits expressed in kW or 
MW, as well as program limits delineated as a per-
centage of utility peak demand. Some argue that 
setting limits too low, or arbitrarily, can constrain 
the ability of DPS to meet renewable goals, and 
recommend raising or eliminating them. 

http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
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255 There is a discussion of FERC’s net metering-related actions in Section 5.
256 IREC 2009a, p.15.
257  “Comments of the Interstate Renewable Energy Council on the Study of the Potential for Distributed Energy in Washington State,” 

Washington Utilities and Transportation Commission Docket No. UE-110667, 8 July 2011.

Net Excess Generation (NEG) – This refers to the 
challenge of how to value the excess generation 
at the customer site (generation in excess of on-
site load requirements) that is sold back to the 
grid. Some policies value NEG at the prevailing 
retail rate and others at the utility’s avoided cost 
(which would be less than the retail rate). Some 
have argued that the customer provided elec-
tricity should be compensated in the same way 
as utility provided power (at retail rates), while 
others contend that customer electricity sold to 
the grid is a wholesale transaction and also has 
not incurred the same costs as utility provided 
power and thus should not be compensated at a 
retail rate.255 There is also the question of rollover 
and the timing of NEG settlement. In annualized 
net metering, NEG is carried over to the follow-
ing month in kWh for up to 12 months. In some 
states, at the end of the 12 month period, NEG is 
paid out to the customer, wiped out, or retained 
by the utility with no compensation to the cus-
tomer. In addition, seasonal variations in some 
renewable sources such as wind and solar may not 
match calendar-based annualization; some states 
have thus allowed customers to choose their own 
annualized period. Some states are also moving 
to allowing indefinite rollover of NEG with no 
monthly settlement.
 
RECs – In 2003, FERC ruled that RECs generated 
from renewable QFs do not automatically accrue 
to utilities, and as such many states allow net me-
tering customers to own the RECs generated from 
customer-sited systems.256 However, customers 
may still find challenges in participating in REC 

transactions given their size, high transaction 
costs, and illiquid nature of the REC markets. 

Third Party Arrangements – One of the major ap-
proaches to emerge in recent years to limit the high 
up-front costs for customers installing distributed 
generation projects is third party arrangements. 
In this structure, a developer assumes the cost of 
building and maintaining a system, and retains 
ownership of the assets. The customer pays the 
owner-operator for the power. Ownership could 
transfer to the customer after a pre-determined 
period. However, existing regulations in some 
states treat third party owners of customer-sited 
generation as a utility, and thus subject to regu-
latory oversight. IREC supports exempting third 
party owners from this status.257

Metering – One key consideration is how to in-
corporate net metering with time-of-use pricing. 
Key issues are ensuring an appropriate metering 
system is place and how to balance the variations 
in the cost of electricity between when energy is 
exported to the grid with when it is purchased. In 
addition, meter aggregation and shared metering 
are being implemented in some states. Meter ag-
gregation allows a single customer with several 
metered accounts (for example institutions, farms) 
to allocate net metering credits from a single sys-
tem to offset consumption at all account locations. 
Shared metering allows groups of customers to 
use a shared DG system to offset consumption at 
individual properties; virtual net metering allows 
customers with multiple non-contiguous accounts 
to offset consumption at multiple locations.
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sTaTus of sTaTe inTerconnecTion sTandards  – ocTober 2011

Source: “Interconnection Policies,” Database of State Incentives for Renewables & Efficiency (DSIRE), October 2011. (http://dsireusa.org/
summarymaps/index.cfm?ee=1&RE=1)

STATE POLICIES 

CATEGORY: Rules & Regulations
POLICY:  Interconnection 
EXAMPLES/DESIGN FEATURES: 

IREC’s “Connecting to the Grid” provides an in-
depth review of interconnection design issues, 
some of which are similar to those described in 
net metering. The following discussion draws on 
its extensive work in this area.

Key interconnection design features include the 
following: 

•	 Eligible technologies 
•	 Applicable sectors 

•	 Applicable utilities 
•	 Standard interconnection agreement
•	 Limits on system capacity
•	 External disconnect switch
•	 Insurance requirements 
•	 Application process
•	 Fees and charges
•	 Net-metered required

Limits on System Capacity: For inverter-based 
systems up to 10 kW (Level One), IEEE 1547 and 
UL 1741 provide simplified procedures, but given 
the increasing experience with connecting these 
systems, some states are raising the Level One 

http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
http://dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
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258  Jason Keyes, Kevin Fox, et al., “Net Metering and Interconnection Procedures: Incorporating Best Practices,” Interstate Renewable Energy 
Council, 2009. (IREC 2009b).

259 Ibid.
260 IREC 2009a, p.31.
261 Ibid. p.31.
262 IREC 2009b. 
263 Ibid.
264 Ibid.
265  “Comments of Puget Sound Energy on the Study of the Potential for Distributed Energy in Washington State,” Washington Utilities and 

Transportation Commission Docket No. UE-110667, 15 July 2011.
266 IREC 2009a, p.26.

limit, for example to 25 kW in New York.258 In ad-
dition, IEEE did not address facilities larger than 
10MW and applicants seeking to connect these 
facilities have to negotiate with utilities. There is 
now increasing consideration to incorporate and 
standardize procedures for larger systems.259 

External Disconnect Switch: This is a “device that 
the utility uses to isolate a renewable energy sys-
tem to prevent the DG source from accidentally 
sending power to the grid during routine or emer-
gency maintenance.”260 A requirement to install 
the device is usually at the customer’s expense. 
However, several studies have concluded that for 
systems under 10 kW using a UL 1741-certified 
inverter, the switch should not be required.261 
As such some states are eliminating the require-
ment for these systems, and some are raising the 
threshold, such as New Jersey, to Tier 2 systems 
(up to 2 MW).262 

Insurance and Indemnification – some utilities 
require DG system owners to carry additional in-
surance or indemnify the utility against damages, 
although some states are prohibiting require-
ments for additional insurance.
 
Network Interconnections: Network distribution 
systems offer a level of complexity for intercon-
necting distributed generation systems and as a 
result utilities typically are not disposed to allow 
connection to these systems. Most state intercon-
nection procedures do not address network sys-
tems, although ConEdison in New York has insti-
tuted procedures for network interconnection for 
inverter-based systems up to 200 kW.263

Fast Track Screening: In order to efficiently in-
terconnect smaller systems in a cost effective way 
while ensuring reliability and safety concerns, 
some states have adopted FERC’s fast track screen 
procedures for systems of 2 MW or less. These 
screens are usually set with limits based on a per-
centage of annual peak load on a distribution cir-
cuit. IREC supports basing the screen threshold 
on minimum load during specific peak times, and 
requiring utilities to make the capacity of distri-
bution circuits publically available to facilitate the 
determination of the best connection points.264

Fees and Charges: Interconnection regulations 
need to address how various fees and charges 
related to interconnecting, permitting, and me-
tering are handled. These can add prohibitively 
high costs for small DPS systems. One utility 
recently estimated that “if a distributed genera-
tion resource is not UL-1741 compliant, or if the 
resource is larger than 300 kW, then intercon-
nection requires a series of studies to determine 
system impact…and that for a project 500 kW 
to 5 MW…the studies will cost in the range of 
$25,000 in 2011.”265 The level of the charges and 
who pays need to be specified and, in the case of 
standby charges whether they are necessary. For 
example, utilities have imposed standby charges 
under the justification that they cover the costs of 
maintaining system and equipment on the utility 
side of the meter in case the DG system fails. But 
these costs can be substantial: one estimate places 
standby charges for PV systems at $2 to $20 per 
kW of installed capacity per month.266
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STATE POLICIES 

CATEGORY: Rate Mechanisms 
POLICY: Rate Recovery 
EXAMPLES/DESIGN FEATURES: 

State RegulatoRy FRamewoRk SummaRy table

State

Direct Cost Recovery Fixed Cost Recovery

Performance 
Incentives

Virtual 
 Power 
PlantRate Case

System  
Benefits 
Charge

Tariff Rider/
Surcharge

Decoupling
Lost Revenue 
Adjustment 
Mechanism

Alabama Yes

Alaska

Arizona Yes Yes Pending Yes

Arkansas Yes Pending Pending

California Yes Yes Yes Yes Yes

Colorado Yes Yes Yes Yes

Connecticut Yes Yes Yes

Delaware Yes Pending

District of Columbia Yes Yes Yes

Florida Yes Pending

Georgia Yes Yes Yes

Hawaii Yes Yes Yes

Idaho Yes Yes Pending

Illinois Yes

Indiana Yes Yes Yes Pending

Iowa Yes

Kansas Yes Pending

Kentucky Yes Yes Yes

Louisiana Yes

Maine Yes

Maryland Yes Yes

Massachusetts Yes Yes Yes

Michigan Yes Yes Yes

Minnesota Yes Yes Pending Yes

Mississippi Yes

Missouri Yes

Montana Yes Pending Yes Pending
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State

Direct Cost Recovery Fixed Cost Recovery

Performance 
Incentives

Virtual 
 Power 
PlantRate Case

System  
Benefits 
Charge

Tariff Rider/
Surcharge

Decoupling
Lost Revenue 
Adjustment 
Mechanism

Nebraska

Nevada Yes Yes

New Hampshire Yes Pending Yes

New Jersey Yes Pending

New Mexico Yes Pending Yes

New York Yes Yes Pending

North Carolina Yes Yes Yes Yes

North Dakota

Ohio Yes Yes Yes

Oklahoma Yes Yes Yes

Oregon Yes Yes

Pennsylvania Yes Yes

Rhode Island Yes Pending Yes

South Carolina Yes Yes Yes Yes

South Dakota Yes Yes

Tennessee

Texas Yes Yes Yes

Utah Yes Yes Pending Pending Pending

Vermont Yes Yes Yes

Virginia

Washington Yes Yes

West Virginia

Wisconsin Yes Yes Yes Yes

Wyoming Yes Yes (MDU)

Summary of State Regulatory Frameworks: June 2011

Energy Efficiency Incentive Mechanism Number of States Pending

Fixed-Cost Recovery Mechanisms
Lost Revenue Recovery 9 2

Revenue Decoupling 13 9

Performance Incentives 21 7

Virtual Power Plant 3 1

Source: IEE, State Electric Efficiency Regulatory Frameworks, June 2011
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STATE POLICIES 

267  “Section 22a-174-42. Distributed generators,” State of Connecticut Department of Environmental Protection, 1 January 2005. (http://www.
ct.gov/dep/lib/dep/air/regulations/mainregs/sec42.pdf)

268 “310 CMR 7.28 NOx Trading Program,” Massachusetts Government, 2 July 2004. (http://www.mass.gov/dep/air/laws/pbsareg.pdf)
269  “Output-Based Regulations,” U.S. EPA Combined Heat and Power Partnership, Last updated: 17 October 2011. (http://www.epa.gov/chp/

state-policy/output.html)
270  “Air Quality Standard Permit for Electric Generating Units,” Texas Commission on Environmental Quality, 1 June 2001 (effective date). 

(http://www.tceq.state.tx.us/assets/public/permitting/air/NewSourceReview/Combustion/segu_permitonly.pdf)
271  “Output-Based Environmental Regulations Fact Sheet,” U.S. EPA Combined Heat and Power Partnership, Last updated: 17 October 2011. 

(http://www.epa.gov/chp/state-policy/obr_factsheet.html)

CATEGORY: Rules & Regulations
POLICY: Output-based Emissions 
EXAMPLES/DESIGN FEATURES: 

Connecticut: Connecticut published output-
based emissions regulations in 2005 for non-
emergency distributed generators of less than 
15 MW, including CHP. Regulated air pollutants 
include nitrogen oxides, particulate matter, car-
bon monoxide, and carbon dioxide. For existing 
distributed generators, the state has standards of 
4 lbs/MWh for nitrogen oxides, 0.7 lbs/MWh for 
particulate matter, and 10 lbs/MWh for carbon 
monoxide. For new distributed generators, Con-
necticut has progressively stringent output-based 
emissions standards by the date of installations, 
such that, by the first of May 2012, distributed 
generators have standards of 0.15 lbs/MWh for 
nitrogen oxides, 0.03 lbs/MWh for particulate 
matter, and 1 lbs/MWh for carbon monoxide. 
Connecticut’s rules value the efficiency of CHP by 
providing credits for emissions avoided.267

Massachusetts: Massachusetts regulates emis-
sions of nitrogen oxides during the summertime 
control period of May 1 through September 30. 
Each year, the state’s nitrogen oxides trading pro-

gram includes 12,861 tons of NOx during the 
control months. The program involves a “public 
benefit set-aside component” where 5% of the an-
nual emissions credits are set-aside for allowance 
allocation to energy efficiency and renewable en-
ergy projects.268 This cap-and-trade program uses 
output-based emissions calculations to allocate 
allowances for generators greater than 25 MW; 
because it includes thermal output calculations 
for CHP, it provides economic incentives for such 
systems. Massachusetts also has a multi-pollutant 
emission regulation for existing power plants—
including nitrogen oxides, sulfur dioxide, mer-
cury, carbon dioxide and fine particulate matter 
—that employs output-based calculations within 
a conventional emissions limit format.269

Texas: Texas has a standard permit with output-
based emission limits for small electric genera-
tors. The permit determines different limits for 
nitrogen oxide based on facility size, location and 
level of utilization.270 The compliance calculation 
accounts for the thermal output of CHP units by 
converting the measured steam output, in units of 
Btu, to an equivalent electrical output, in units of 
MWh.271

http://www.ct.gov/dep/lib/dep/air/regulations/mainregs/sec42.pdf
http://www.ct.gov/dep/lib/dep/air/regulations/mainregs/sec42.pdf
http://www.mass.gov/dep/air/laws/pbsareg.pdf
http://www.epa.gov/chp/state-policy/output.html
http://www.epa.gov/chp/state-policy/output.html
http://www.tceq.state.tx.us/assets/public/permitting/air/NewSourceReview/Combustion/segu_permitonly.pdf
http://www.epa.gov/chp/state-policy/obr_factsheet.html
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STATE POLICIES 

272  “A Climate Action Plan for Maine 2004” A Report to the Joint Standing Committee on Natural Resources of the Maine Legislature Pursuant 
to PL 2003 Chapter 237,” Maine Department of Environmental Protection, 1 December 2004. (http://www.maine.gov/dep/air/greenhouse/
MaineClimateActionPlan2004Volume%201.pdf)

273  “Michigan Climate Action Plan,” Michigan Department of Environmental Quality. (http://www.michigan.gov/deq/0,4561,7-135-50990-
213752--,00.html)

CATEGORY: Policies and Plans 
POLICY:  Climate Action Plans 
EXAMPLES/DESIGN FEATURES: 

California: In California, Executive Order S-3-
05, signed by former Governor Schwarzenegger, 
called for reducing GHG emissions to 2000 emis-
sion levels by 2010, to 1990 emission levels by 
2020, and to 80 percent below 1990 levels by 2050. 
The Executive Order also established the Climate 
Action Team, led by the California Environmen-
tal Protection Agency, to coordinate the state’s cli-
mate change programs and to make recommen-
dations for reducing emissions. The team, made 
up of decision makers from various state boards 
and departments, has issued a report that out-
lines more than 40 strategies for reducing emis-
sions. The Scoping Plan for the Global Warming 
Solutions Act, or AB 32, includes key strategies 
including a cap-and-trade program that covers 
85 percent of California’s emissions. Of particular 
note, the Scoping Plan set out an RPS target of 
33 percent renewables by 2020, increased use of 
efficient CHP, and a million solar roofs initiative.

Colorado: Colorado has set up very specific mea-
sures to reduce emissions of GHGs by 20 percent 
below 2005 levels by the year 2020, with the ul-
timate goal of making a shared commitment 
with other states and nations for deeper emis-
sions cuts of 80 percent reduction below 2005 
levels by 2050. In its Climate Action Plan, the 
state government has the role of enacting “bridge 
strategies” between immediate actions to reduce 
GHG and technological advances that must be 
pursued, of providing leadership on climate ac-
tion, and of preparing the state to adopt climate 

change initiatives. The plan focused on agricul-
ture, transportation, energy efficiency, renewable 
energy, clean coal research, natural gas use, and 
personal responsibility. There is a requirement to 
increase financing and funding for R&D, to align 
building codes and ensure LEED standards for 
new buildings, to encourage biofuel for all state 
vehicles, to promote net metering in rural areas, 
and to require utilities to enhance their renewable 
energy portfolio standards and energy efficiency 
programs. The state will also provide incentives 
to farmers/ranchers to capture carbon for offsets, 
expand carbon emissions trading, expand renew-
able energy sources, and foster education.

Maine: in 2003, Maine signed into law “An Act to 
Provide Leadership in Addressing the Threat of 
Climate Change,” which called for reducing GHG 
emissions to 1990 levels by 2010, to 10 percent 
below 1990 levels by 2020, and “by a sufficient 
amount to avert the threat of global warming 
over the longer term.”272 The Climate Action Plan 
includes 54 recommended actions, each of which 
was reviewed for and judged on effectiveness in 
GHG emissions reduction and cost effectiveness.

Michigan: Michigan’s Climate Action Plan, released 
in March 2009, recommended policies for both state 
and federal actions (including a federal GHG emis-
sions target). The plan included initiatives to increase 
the use of distributed electric generation, facilitate the 
use of CCS technology, increase the use of nuclear 
power, and enhance energy efficiency. The 54 recom-
mendations in the plan would decrease Michigan’s 
GHG emissions by about 33 percent below 2005 lev-
els by 2025 and also provide a net cumulative savings 
of about $10 billion to the state.273

http://www.maine.gov/dep/air/greenhouse/MaineClimateActionPlan2004Volume%201.pdf
http://www.maine.gov/dep/air/greenhouse/MaineClimateActionPlan2004Volume%201.pdf
http://www.michigan.gov/deq/0,4561,7-135-50990-213752--,00.html
http://www.michigan.gov/deq/0,4561,7-135-50990-213752--,00.html
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STATE POLICIES 

CATEGORY: Policies & Plans 
POLICY:  GHG Emissions Targets 
EXAMPLES/DESIGN FEATURES: 

Arizona Reduction targets of 2000 levels by 2020, and of 50% below 2000 levels by 2040.

California Reduction targets of 2000 levels by 2010, 1990 levels by 2020, and 80% below 1990 levels by 2050. 

AB32 set a legal emissions cap with enforceable penalties.

Colorado Reduction targets of 20% below 2005 levels by 2020, and 80% below 2005 levels by 2050.

Connecticut Reduction targets of 10% below 1990 levels by 2020, and 80% below 2001 levels by 2050.

Florida Reduction targets of 2000 levels by 2017, 1990 levels by 2025, and 80% below 1990 levels by 2050.

Hawaii Reduction target of 1990 levels by 2020.

Illinois Reduction targets of 1990 levels by 2020, and 60% below 1990 levels by 2050.

Maine Reduction targets of 1990 levels by 2010, 10% below 1990 levels by 2020, and 75-80% below 2003 levels 

in the long term.

Maryland Reduction target of 25% below 2006 levels by 2020.

Massachusetts Reduction targets of 80% below 1990 levels by 2050. Interim targets of 10-25% below 1990 levels by 

2020 and targets for 2030 and 2040 are expected.

Michigan Reduction targets of 20% below 2005 levels by 2025, and 80% below 2005 levels by 2050.

Minnesota Reduction targets of 15% below 2005 levels by 2015, 30% below 2005 levels by 2025, and 80% below 

2005 levels by 2050.

Montana Reduction targets of 1990 levels by 2020.

New Hampshire Reduction targets of 1990 levels by 2010, 10% below 1990 levels by 2020, and 75-85% below 2001 levels 

in the long-term.

New Jersey Reduction targets of 1990 levels by 2020, and 80% below 2006 levels by 2050.

New Mexico Reduction targets of 2000 levels by 2012, 10% below 2000 levels by 2020, and 75% below 2000 levels 

by 2050.

New York Reduction targets of 5% below 1990 levels by 2010, 10% below 1990 levels by 2020, and 80% below 

1990 levels by 2050.

Oregon Targets of stopping the growth of GHG emissions by 2010 and reducing 10% below 1990 levels by 2020 

and 75% below 1990 levels by 2050.

Rhode Island Reduction targets of 1990 levels by 2010, 10% below 1990 levels by 2020, and 75-85% below 2001 levels 

in the long term.

Utah Reduction target of 2005 levels by 2020.

Vermont Reduction targets of 1990 levels by 2010, 10% below 1990 levels by 2020, and 75-85% below 2001 levels 

in the long term.

Virginia Reduction target of 30% below business-as-usual by 2025.

Washington Reduction targets of 1990 levels by 2020, 25% below 1990 levels by 2035, and 50% below 1990 levels by 

2050.
Source: “Greenhouse Gas Emissions Targets,” The PEW Center on Global Climate Change, Updated: 10 February 2011. (http://www.pewclimate.
org/sites/default/modules/usmap/pdf.php?file=5902)

http://www.pewclimate.org/sites/default/modules/usmap/pdf.php?file=5902
http://www.pewclimate.org/sites/default/modules/usmap/pdf.php?file=5902
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STATE POLICIES 

CATEGORY: Policies & Plans 
POLICY:  PHEV Policy 
EXAMPLES/DESIGN FEATURES: 

California: California has an extensive set of 
policies for hybrid, electric and alternative fuel 
vehicles. In terms of financial policies, there are 
vouchers for the purchasing of hybrid electric ve-
hicles to reduce the cost of medium- and heavy-
duty vehicles on a first-come, first-serve basis and 
ranges between $10,000 and $45,000; rebates for 
PHEVs and zero emission light-duty vehicles for 
up to $5000, and rebates up to $20,000 for com-
mercial vehicles approved/certified by the Cali-
fornia Air Resources Board; rebates for electric 
vehicle supply equipment to residential customers 
for up to $2000; and research and development 
and infrastructure funding incentives.

Colorado: In Colorado, there are tax credits for 
alternative fuel and advanced vehicles. Grants are 
available for electric vehicle equipment and there 
is an alternative fuel vehicle weight limit exemp-
tion. HOV lanes, and specific hybrid electric ve-
hicle lanes, exist. Registration and state agency 
acquisition requirements are similar to those of 
other states.

Delaware: Delaware not only has state govern-
ment vehicle acquisition requirements, but the 
State Agency Energy Plan seeks a reduction in ve-
hicle petroleum consumption of 25 percent and a 
vehicle emissions reduction of 25 percent to 2008 
levels. Delaware provides vehicle-to-grid energy 
credits, when energy is discharged from electric 
vehicle batteries back to the grid, at the same rate 
that customers pay to charge batteries.

Illinois: Illinois has grants of up to 25% of qualify-
ing project costs for the purchase of new electric 
vehicles and building charging infrastructure and 
rebates of 80% for alternative fuel vehicles.

Indiana: In Indiana, Duke Energy has set up a 
two-year pilot program to provide qualified resi-
dential and commercial customers with installa-
tion and service for electric vehicle equipment. 
The program is meant to access and collect in-
formation to better understand electric vehicle 
charging habits.

Nevada: In Nevada, taxis that are hybrid, electric 
or alternative fuel can remain in operation longer 
than regular vehicles. Hybrid and alternative fuel 
vehicles are also exempt from emissions inspec-
tions, though only for the first six years for hybrid 
cars. There are also requirements for the acqui-
sition of state cars and county school buses that 
must be alternative fuel.

New York: New York has several funding plans for 
PHEVs, alternative fuel and advanced vehicles for 
up to 80 percent of the cost of the vehicle as well as 
infrastructure funding and development funding.

Washington: Washington has a policy that, by 
June 2015, all state and local vehicles must be 100 
percent biofuels or electric vehicles. To reach this 
policy, the state has an alternative fuel vehicle tax 
exemption, battery and infrastructure tax exemp-
tion, alternative fuel loans and grants, and PHEV 
and electric vehicle demonstration grants.
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STATE POLICIES 

CATEGORY: Policies & Plans 
POLICY:  Smart Grid Policy 
EXAMPLES/DESIGN FEATURES: 

The following information is provided by the Edison Electric Institute and the Institute for Electric Ef-
ficiency.
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274 From Edison Electric Institute, as of October 2009. 
275  Lisa Schwartz. “State Policies on Smart Grid,” The Regulatory Assistance Project (Presentation to Utah Public Service Commission at the 

Smart Grid Workshop on 13 May 2009).
276 Ibid.
277 Ibid.
278 Ibid.
279 Ibid.

State Regulatory Update: Smart Grid Cost 
Recovery274

•	 Four states have approved tariff riders 
with periodic true-ups to reconcile actual 
and estimated costs: IL, OH, OK, OR

•	 Three states have approved customer sur-
charge mechanisms: MD, NY, TX

•	 Three states have approved base rate re-
covery, or opportunity for base rate re-
covery: CA, IN (operating costs), TX

•	 One state has approved reconcilable 
balancing account mechanisms under 
which costs/benefits are tracked and the 
net amount is ultimately consolidated 
into rates on an annual basis: CA

•	 Two states have approved deferred cost 
recovery: DE, ID

•	 Three states have allowed rate-basing of 
some capital investment: CA, MA, OR

•	 Three states have acted on smart grid 
filings but not yet addressed cost recov-
ery in those proceedings: ID, IN (capital 
costs), MA

•	 Three states have linked action on smart 
grid initiatives to utility pursuit of federal 
stimulus funding: IL, OH, NY

California: Under bill SB 17, introduced in 2008, 
the California Public Utilities Commission is re-
quired to develop smart grid deployment plans 

by the middle of 2010 consistent with other poli-
cies. And the state’s Rulemaking on policies for 
AMI, demand response, and dynamic pricing 
(R.02-06-001) establishes a framework to guide 
utilities seeking to install AMI, including pricing 
options.275

Massachusetts: Section 85 of the Green Commu-
nities Act of 2008 requests the proposal of smart 
grid pilot programs within the state.276

Ohio: SB 221 encourages time-differentiated pric-
ing and AMI. The state’s Public Utilities Commis-
sion’s rulemaking on SB 221 requires applications 
for the Infrastructure Modernization Plan to in-
clude communication infrastructure, net meter-
ing and distributed automation.277

Pennsylvania: The state requires electric distribu-
tion companies with more than 100,000 custom-
ers to file smart meter technology procurement 
and installation plans. The Pennsylvania Public 
Utilities Commission is working to establish stan-
dards and minimum capabilities as guidance on 
deployment of smart meters.278

Texas: HB 2129 of 2005 requires the Public Utility 
Commission of Texas to establish a cost recovery 
mechanism for utilities that install AMI while HB 
3693 of 2007 encourages smart grid networks to 
be deployed as rapidly as possible.279
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ANNEX 3: FEDERAL POLICIES 

CATEGORY: Financial Incentives 
POLICY:  Tax Credits 
EXAMPLES/DESIGN FEATURES: 

EPACT 2005

•	 Section 1335: Credit for Residential 
Energy Efficient Property made provi-
sion for a tax credit of 30 percent of ex-
penditures on residential properties for 
photovoltaic, solar heating, and fuel cell 
applications, with an annual maximum 
of $2,000 for the former two technologies 
and a $500 for each half kilowatt of fuel 
cell capacity. The provision stated that 
the incentive would remain in place for 
the two calendar years of 2006 and 2007. 
These provisions were extended through 
the end of 2008 in the Tax Relief and 
Healthcare Act of 2006; and were further 
extended and enhanced in the Emergency 
Economic Stabilization Act of 2008 (HR 
1424). The latter extended the tax cred-
its through 2016; increased their scope to 
include wind energy equipment and geo-
thermal heat pumps; and removed the 
$2,000 cap on solar generating equipment 
completely from 2009 through 2016 and 
for solar water heaters placed into service 
after 2008. The caps on fuel cells remained 
in place, although they were changed in 
ARRA 2009. 

ARRA 2009

•	 Section 1122: Residential Energy Ef-
ficient Property Credit provided a tax 

credit for residential alternative energy 
equipment. The law made provision for 
a credit of 30 percent tax of the cost of 
qualified property, including solar elec-
tric installations, fuel cells, solar hot wa-
ter heaters, geothermal heat pumps and 
small wind turbines installed between the 
end of 2008 and the end of 2016. 

•	  Section 1103: Repeal of Certain Limits 
on Business Credits for Renewable En-
ergy Property repealed the $4000 limit 
on 30 percent tax credits for small wind 
installations brought online after the end 
of 2008. 

•	 Residential Energy Conservation Sub-
sidy Exclusion (Personal): Section 136 
of the U.S. Internal Revenue Code states 
that energy conservation subsidies pro-
vided by utilities to their customers are 
not taxable. Energy Conservation Mea-
sures under the legislation are defined 
as “any installation or modification pri-
marily designed to reduce consumption 
of electricity or natural gas or to improve 
the management of energy demand with 
respect to a dwelling unit.”280 While the 
legislation explicitly excludes PURPA 
QFs from tax exemption, there is a case 
pending to allow solar water heaters, so-
lar space heaters and solar photovoltaic 
systems used at the residential level to 
qualify. There has been no definitive rul-
ing from the IRS on this issue at the time 
of writing.
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CATEGORY: Financial Incentives
summary of selecT ProjecT finance-relaTed ProVisions in arra 2009

Extends the PTC In-
Service Deadline 

Extends the PTC through 2012 for wind, and through 2013 for closed- and open-loop biomass, 
geothermal, landfill gas, municipal solid waste, qualified hydroelectric, and marine and hydroki-
netic facilities. In 2008, the inflated PTC stood at $21/MWh for wind, geothermal, and closed-
loop biomass, and $10/MWh for other eligible technologies. 

Provides Option to 
Elect the ITC in Lieu of 
the PTC 

Allows PTC-qualified facilities installed in 2009-13 (2009-12 in the case of wind) to elect a 30% 
ITC in lieu of the PTC. If the ITC is chosen, the election is irrevocable and requires the depre-
ciable basis of the property to be reduced by one-half the amount of the ITC. 

Provides Option to 
Elect a Cash Grant in 
Lieu of the ITC 

Creates a new program, administered by the Treasury, to provide grants covering up to 30% of 
the cost basis of qualified renewable energy projects that are placed in service in 2009-10, or 
that commence construction during 2009-10 and are placed in service prior to 2013 for wind, 
2017 for solar, and 2014 for other qualified technologies. Applications must be submitted by 
October 1, 2011, and the Treasury is required to make payments within 60 days after an applica-
tion is received or the project is placed in service, whichever is later. The grant is excluded from 
gross income and the depreciable basis of the property must be reduced by one-half of the 
grant amount. 

Removes ITC Subsi-
dized Energy Financing 
Penalty 

Allows projects that elect the ITC to also utilize “subsidized energy financing” (e.g., tax-exempt 
bonds or low-interest loan programs) without suffering a corresponding tax credit basis reduc-
tion. This provision also applies to the new grant option described above. 

Extends 50% Bonus 
Depreciation 

Extends 50% bonus depreciation (i.e., the ability to write off 50% of the depreciable basis 
in the first year, with the remaining basis depreciated as normal according to the applicable 
schedules) to qualified renewable energy projects acquired and placed in service in 2009. 

Extends Loss Carrry-
back Period 

Extends the carryback of net operating losses from 2 to 5 years for small businesses (i.e., those 
with average annual gross receipts of $15 million or less over the most recent 3-year period). 
This carryback extension can only be applied to a single tax year, which must either begin or 
end in 2008. 

Removes ITC Dollar 
Caps 

Eliminates the maximum dollar caps on residential small wind, solar hot water, and geothermal 
heat pump ITCs (so now at the full 30%). Also eliminates the dollar cap on the commercial small 
wind 30% ITC. Credits may be claimed against the AMT. 

Expands Loan Guaran-
tee Program 

Expands existing loan guarantee program to cover commercial (rather than just “innovative 
non-commercial”) projects. Appropriates $6 billion to reduce or eliminate the cost of provid-
ing the guarantee; this amount could support $60-$100 billion in loans, depending on the risk 
profiles of the underlying projects. 

Adds Funding for Clean 
Renewable Energy 
Bonds 

Adds $1.6 billion in new CREBs for eligible technologies owned by governmental or tribal enti-
ties, as well as municipal utilities and cooperatives. With $800 million of new CREB funding 
previously added in October 2008, combined new CREB funding totals $2.4 billion.

Source: Mark Bolinger, Ryan Wiser, Karlynn Cory, Ted James, “PTC, ITC, or Cash Grant? An Analysis of the Choice Facing Renewable Power 
Projects in the United States,” Lawrence Berkeley National Laboratory, March 2009, Table 1, p.3.
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FEDERAL POLICIES 

2821 “Loan Programs Office,” U.S. Department of Energy. (http://www.lgprogram.energy.gov/)
282  DSIRE, “Clean Renewable Energy Bonds (CREBs).” (http://www.dsireusa.org/incentives/incentive.cfm?Incentive_

Code=US45F&re=1&ee=1)
283  Hunton & Williams, “The Latest on Clean Renewable Energy Bonds and Tax Credits.” January 2007. (http://www.epa.gov/lmop/documents/

pdfs/conf/10th/jones.pdf)
284  DSIRE, “Clean Renewable Energy Bonds (CREBs).” (http://www.dsireusa.org/incentives/incentive.cfm?Incentive_

Code=US45F&re=1&ee=1)

CATEGORY: Financial Incentives 
POLICY:  Grants, Loans, Bonds
EXAMPLES/DESIGN FEATURES: 

APACT 2005

Sections 1703 and 1705: The Federal Loan 
Guarantee Program was established within the 
Department of Energy Loan Programs Office 
comprising two programs: the Loan Guarantee 
Program (with Sections 1703 and 1705) and the 
Advanced Technologies Vehicle Program.281 By 
2007, Congress provided initial loan guarantee 
authority to DOE which then issued the Final 
Regulations for Loan Guarantee Program. With 
the Recovery Act of 2009, the Loan Guarantee 
Program’s authorizing legislation was amended 
and expanded with the creation of Section 1705. 
On September 30, 2011, the Loan Guarantee Pro-
gram’s Section 1705 expired.

Section 1303: Clean Renewable Energy Bonds 
were established to finance renewable energy 
projects based on qualifying technologies. CREBS 
are issued theoretically with a 0 percent interest 
rate, and the borrower is required to pay back 
only the principal of the bond while the bond-
holder receives federal tax credits rather than 
bond interest. The tax credit rate is set daily by 
the U.S. Treasury. CREBs are different from tradi-
tional tax-exempt bonds in that they are treated as 
taxable income for the bondholder. EPACT origi-
nally provided $800 million for bonds issued be-
tween January 1, 2006 and December 31, 2007 (it 
was provided for 610 projects).282 Of that amount, 

no more than $500 million could be provided to 
government borrowers.283 This amount was in-
creased by $400 million for 2008 by the IRS. The 
2008 Energy Improvement and Extension Act 
and the 2009 Recovery Act also allocated funds 
for new CREBs.284

EISA 2007

•	 Title V Subtitle E—Energy Efficien-
cy and Conservation Block Grants 
(EECBG): Provides for grants to states, 
Indian tribes or other eligible units of 
local government on a range of energy 
efficiency-related investments, including 
“distributed resources” and “direct heat-
ing and cooling systems.”  (See the fol-
lowing section of ARRA 2009 for more 
details on funding and implementation 
of the EECBG program).

 
ARRA 2009

•	 Energy Efficiency and Conservation 
Block Grants (EECBG): The EECBG 
Program was authorized under the EISA 
2007and is intended to “assist U.S. cities, 
counties, states, territories, and Indian 
tribes to develop, promote, implement, 
and manage energy efficiency and con-
servation projects and programs de-
signed to reduce fossil fuel emissions; 
reduce the total energy use of the eligible 
entities; improve energy efficiency in the 
transportation, building, and other ap-

http://www.lgprogram.energy.gov/
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propriate sectors; and create and retain 
jobs.”285 The Program received 3.2 billion 
in funding under ARRA 2009, $2.8 bil-
lion of which was allocated to implemen-
tations of programs outlined in EISA, 
with the remaining $400 million awarded 
on a competitive basis. One of the stat-
ed activities eligible for funding under 

EECBG is “installation of distributed 
energy technologies including combined 
heat and power and district heating and 
cooling systems.” EISA 2007 requires that 
states award at least 60 percent of EECBG 
grants to sub-grantees (entities within a 
state that are not eligible for direct grants 
from the Department of Energy). 

285  “Energy Efficiency and Conservation Block Grant Program, “U.S. DOE EERE Weatherization & Intergovernmental Program,” Last updated: 
29 September 2010. (http://www1.eere.energy.gov/wip/eecbg.html)

http://www1.eere.energy.gov/wip/eecbg.html
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Electric Power Systems, as they may be 
amended from time to time. In addition, 
agreements and procedures shall be es-
tablished whereby the services are offered 
shall promote current best practices of 
interconnection for distributed genera-
tion, including but not limited to practic-
es stipulated in model codes adopted by 
associations of state regulatory agencies. 
All such agreements and procedures shall 
be just and reasonable, and not unduly 
discriminatory or preferential.”

To address the uncertainty associated with vary-
ing interconnection standards, EPAct Section 
1254 called for the adoption of uniform standards 
for distributed generation, and for Institute of 
Electrical and Electronic Engineers (IEEE) Stan-
dard 1547 to form the basis of states’ interconnec-
tion protocols. According to NREL, IEEE 1547 is 
a single document of “mandatory uniform, uni-
versal requirements” that set out the functional 
requirements for interconnections and inter-
connection tests between distributed generation 
sources and the utility grid. IEEE 1547 sections 
1 through 3 address test procedures, application 
guides, and monitoring, information exchange 
and control of distributed resources with electric 
power systems respectively. IEEE 1547.4 provides 
a guide for the design, operation and integration 
of distributed resource island systems with energy 
power systems. Recent additions to IEEE 1547 in-
clude 1547.7, which makes provision for a Draft 
Guide to Conducting Distribution Impact Studies 
for DR Interconnection.

CATEGORY: Rules & Regulations 
POLICY:  Net Metering and Interconnection 
EXAMPLES/DESIGN FEATURES: 

EPACT 2005

•	 Section 1251 §11: States that “Each elec-
tric utility shall make available upon re-
quest net metering service to any electric 
consumer that the electric utility serves. 
For purposes of this paragraph, the term 
‘net metering service’ means service to an 
electric consumer under which electric 
energy generated by that electric con-
sumer from an eligible on-site generat-
ing facility and delivered to the local dis-
tribution facilities may be used to offset 
electric energy provided by the electric 
utility to the electric consumer during 
the applicable billing period.”

•	 Section 1254 §15: States that “Each elec-
tric utility shall make available, upon 
request, interconnection service to any 
electric consumer that the electric utility 
serves. For purposes of this paragraph, 
the term ‘interconnection service’ means 
service to an electric consumer under 
which an on-site generating facility on 
the consumer’s premises shall be con-
nected to the local distribution facilities. 
Interconnection services shall be offered 
based upon the standards developed by 
the Institute of Electrical and Electronics 
Engineers: IEEE Standard 1547 for Inter-
connecting Distributed Resources with 

FEDERAL POLICIES 
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•	 Subsection 1306 establishes the Smart 
Grid Investment Matching Grant Pro-
gram (SGIMP), which directs the Secre-
tary of Energy to set up a federal program 
to provide financial assistance to states 
looking to implement Smart Grid tech-
nology. The subsection made authorizes 
“sums as are necessary” for a 20 percent 
reimbursement of qualifying invest-
ments, which included the document-
ed expenditures of non-utility owners 
and operators of sources of distributed 
electricity generation.286 As part of the 
2009 American Recovery and Reinvest-
ment Act, Congress made two revisions 
to SGIMP, substantially increasing the 
amount of reimbursement available to 
qualifying investments (see section XX 
on ARRA 2009 for more details). 

•	 Subsection 1307 also makes provision 
for several additional amendments to 
PURPA that have relevance to the adop-
tion of distributed resources. The subsec-
tion states that “each state shall consider” 
the following:

 
 Requiring that utilities demonstrate 

that they considered an investment 
in qualifying smart grid technolo-
gies—including disturbed generation 
resources

 Rate recovery, and
 
 Recovery of any book value costs 

of equipment rendered obsolete 
thought smart grid system replace-
ments. 

CATEGORY: Strategies & Targets 
POLICY:  Smart Grid
EXAMPLES/DESIGN FEATURES: 

EISA 2007

Title XII contains the following Sections: 

•	 Sec. 1301: Statement of Policy on Mod-
ernization of Electricity Grid

•	 Sec. 1302: Smart Grid System Report
•	 Sec. 1303: Smart Grid Advisory Com-

mittee and Smart Grid Task Force
•	 Sec. 1304: Smart Grid Technology Re-

search, Development, and Demonstra-
tion

•	 Sec. 1305: Smart Grid Interoperability 
Framework

•	 Sec. 1306: Federal Matching Fund For 
Smart Grid Investment Costs

•	 Sec. 1307: State Consideration of Smart 
Grid

•	 Sec. 1308: Study of the Effect of Private 
Wire Laws on the Development of Com-
bined Heat And Power Facilities

•	 Sec. 1309: DOE Study of Security Attri-
butes of Smart Grid Systems

Examples of some of the more relevant Sections 
for DPS include: 

•	 Subsection 1304 directs the Secretary of 
Energy to implement a program for mea-
suring the potential for peak load reduc-
tions from distributed generation, and 
for distributed generation and storage to 
provide ancillary services. 

FEDERAL POLICIES 

286 Energy Independence and Security Act (EISA) TITLE XIII, Section 1306a.
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elements of ARRA 2009 that indirectly 
benefit DPS: promotion of Advanced Me-
ter Infrastructure (AMI) systems, smart 
appliances, and customer display devices, 
for example, is aimed at accelerating the 
adoption of time-based pricing, which in 
turn reduces the rate-related impediments 
to distributed generation.288 

According to the subsection, the states (and, in 
the case of non-regulated utilities, the utilities 
themselves) were required to “commence consid-
eration” of the new amendments within one year, 
and to “complete the consideration” and make a 
decision within two years.287 

ARRA 2009
 

•	 In addition to the explicit references to 
DPS, there are other smart grid-related 
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ANNEX 4: STAKEHOLDER SURVEY 
 
Definition: For the purposes of this survey, Distributed Power Systems are defined as “electric generation 
systems that supply power at distribution-level voltages or lower, whether on the utility side of the meter, or 
on the customer side; and distribution-level electricity storage applications.”

1.  How would you characterize the potential of distributed power systems (DPS) to meet the follow-
ing aspects of the nation’s energy-related priorities?

Economic 
 
High      
Medium   
Low      
Unsure   

 
Environmental

  
High      
Medium   
Low      
Unsure  

Energy security
  
High      
Medium   
Low      
Unsure   

2. What do you see as being the top three principal benefits of DPS (check all that apply)? 

Cost savings in production and delivery of power       
Increased system reliability    
Improved power quality     
Reduced land use effects    
Reduced the vulnerability of the power system       
Reduced environmental impacts          
Other – please specify below           
Do not see any benefits of DPS        
Answer here
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3.  Do you think more should be done by policymakers and/or regulators to promote greater penetra-

tion of DPS? 
Yes    
No   

 
4.  If you answered “yes” to question 3, who do you think should have primary responsibility for doing 

more to promote DPS?
 

Federal Energy Regulatory Commission    
Environmental Protection Agency       
Department of Energy         
State governments          
Public utility commissions         
Municipal/local authorities         

5. What do you see as the top three policy barriers to greater penetration of DPS? 

Interconnection requirements and costs     
Rate-related impediments290         
Federal-state regulatory jurisdictional issues     
Lack of financing mechanisms        
Environmental siting and permitting requirements      
Concerns over safety and reliability       
Lack of information about the benefits of DPS    
Other – please specify below        
Type answer here

 
6.  How effective do you think the adoption of the following policy mechanisms would be in address-

ing the above challenges and increasing penetration of DPS? 

a) A price on CO2 (carbon tax, cap and trade system)
 

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      
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b) National Renewable Portfolio Standard

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      

 
c) National Clean Energy Portfolio Standard 

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      

 
d) State-level Renewable Portfolio Standard

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      

e) Creation of Wholesale Markets for Power Produced through Distributed Generation

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      

f) Adoption of Uniform Interconnection Standards

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure     
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g) Feed-in Tariff

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      

h) Tax Incentives for Purchase and Installation
 

Very effective     
Somewhat effective    
Not very effective    
Not at all effective    
Unsure     

7.  In your view, how effective are the amendments to PURPA of the Energy Policy Act of 2005 and 
the Energy Independence and Security Act of 2007 (the so-called “must-consider” standards) in 
advancing the adoption of DPS?
 
Very effective      
Somewhat effective    
Not very effective    
Not at all effective    
Unsure      

8.  Which of the following measures have the most potential to overcome the rate-related impedi-
ments to distributed generation (check two)?

Dynamic (time-based) electricity pricing     
Net metering            
Smart metering           
Demand response programs        
None of the above          
Unsure           
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9.  Aside from the policy measures outlined above, what more should the federal, state or local gov-
ernments do to encourage the adoption of DPS?

Federal government   
 
 
State government   

 
Local government   

 

10. How would you categorize your organization?

Investor-owned utility          
Public-owned/ municipal utility      
Utility cooperative         
Federal utility             
Non-utility Qualifying Facility/ IPP      
Regulator            
Consumer group          
Other              
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