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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United
States Government.  Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, expressed or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights.  Reference therein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof.  The views and opinions of authors
expressed therein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Foreword

Distributed generation has become an important option when planning new generation
capacity.  Distributed generation offers the customer choices in size, fuel flexibility, and
generation technology for onsite generation.  If the customer purchases power, the energy
provider, method of delivery, and services are some of the choices available.  Gas
turbines, reciprocating engines, and renewable technologies are currently being used to
generate electricity.  Fuel cells and microturbines are beginning to enter the market.

This distributed generation primer provides background for the decision-makers to
evaluate the options, market considerations, drivers and issues related to successful use of
distributed generation.  It provides an overall approach to the relevant issues to be
considered.  These include a discussion of the key steps and issues that relate to
implementing successful projects.  A list of web based information sources is also
included with appropriate links.
  
It is an important task that NETL undertakes to provide you with this primer.  We realize
it is an important informational tool for a wide audience.  We welcome suggestions to
improve the primer. 

Mark C. Williams and Abbie W. Layne
Strategic Center for Natural Gas
National Energy Technology Laboratory
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Executive Summary

The restructuring of the utility industry has created new opportunities for the generation
and use of electrical power.  Distributed generation (DG) has emerged as a desirable
alternative to purchased power for many applications.  DG consists of relatively small
generating units (typically less than 30 MWe) located at or near consumer sites to meet
specific customer needs, to support operation of the existing power grid, or both.  DG
units can provide incremental capacity at relativity low capital cost and can be brought
online in a fraction of the time required to expand or build new central power systems. 

This CD is targeted for use by key decision-makers in municipalities, industrial firms,
medical complexes, and commercial establishments who are considering the addition of
distributed generation (DG).  The purpose is to provide a sufficient background for the
decision-maker to better evaluate the options, market considerations, drivers and issues
related to successful use of DG.  Additionally, it provides an overall approach to the
relevant issues to be considered, including a discussion of the key steps and issues that
relate to implementing successful projects.  Web based information sources are included
with appropriate links.

Incorporating DG to provide electricity, light, heat, or mechanical energy at the point of
use offers the following advantages:

• DG eliminates the need for costly installation of new transmission lines,
which frequently become entangled in environmental controversy.

• DG reduces energy delivery losses resulting in the conservation of vital
energy resources.  

• DG expands the use of renewable resources, such as biomass cogeneration in
the lumber and paper industry, rooftop solar photovoltaic systems on homes,
and windmills to further improve energy resource conservation.

• DG improves the use of traditional energy in devices such as natural gas
micro-turbines (see www.clean-power.com) and fuel cells
(www.fe.doe.gov/coal_power/fuelcells/index.shtml) providing increased
generation energy efficiency to reduce operating costs, pollutants, and
resource consumption rates.

• DG eliminates potential brown-outs or black-outs caused by utilities’ reduced
margin of generation reserve capacity in certain areas of the country.

 
The technology innovations for the successful implementation of distributed generation
systems have been realized and can be added to buildings and other settings with only a
minimum disturbance to the existing landscape.  

Figures 1 and 2 are examples of field installed distributed generation systems.  The first
of these shows a phosphoric acid fuel cell (PAFC) DG system located in New York
City’s Central Park.  This ONSI Corporation (now a subsidiary of United Technology
Corporation) PC 25 unit generates 200 kW and is one of over 200 units located in the
United States and overseas.

http://www.clean-power.com/
http://www.fe.doe.gov/coal_power/fuelcells/index.shtml
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Figure 2 shows one of three 50-kilowatt AOC 15/50 wind turbines built in the Arctic
tundra near Kotzebue, Alaska.  Kotzebue is Alaska’s largest Eskimo community north of
the Arctic Circle, with about 3,500 residents.

Figure 1. ONSI Fuel Cell Installation

Figure 2.  Arctic Wind Turbine Installation



11

In general most of the key barriers preventing the widespread implementation of DG can
be classified into the following three categories:

• Regulatory barriers
• Financial barriers
• Environmental issues.

The major regulatory issue is recovery of stranded costs by utilities.  Currently, these
costs are being recovered via a fee on future electricity sales or imposed as a charge on
those individuals or businesses exiting the utility system.  To date, Massachusetts is the
only state to address this issue, whereby recommending that if a proposed DG system
exceeds 50% efficiency then the withdrawal fee is waived.  A second key regulatory
issue is interconnection with the grid.  Currently, interconnection requirements vary from
utility to utility and from state to state.  The proposed interconnection of each DG
installation is subject to review by the local utility.  A fee is charged for this service even
if a decision not to proceed with the project is reached at a later date.  An IEEE
committee is working on this issue via the development of a standard (P1547) for DG
interconnections (see www.ieee.org).

Principal financial barriers include the lack of current utility tariff and pricing practices
for accommodating DG systems, the status of current business models with regard to DG
systems, and the impact of current monopoly regulations.  Pricing practices, as a rule, do
not properly account for distribution service benefits that can be derived from DG.  Also,
more appropriate tariffs would provide standby and backup power services without
prohibitive charges.  Current business practices and models were established to
accommodate vertically integrated utilities and, as such, ignore the benefits of DG.
Examples of pricing practices favoring utilities include such benefits as T&D upgrades,
providing power for ancillary services and for improving system reliability, power
quality, and reducing line losses.  Since monopoly regulations provide no reward to
utilities for energy-efficiency savings, state and federal regulations are needed to produce
more competitive markets, for example, providing incentives for use of waste heat.  For
more information on regulations, regulatory issues, and licensing needs click here.

In the environmental arena, the main topic of concern relates primarily to site-specific
concerns, such as zoning, permitting, and environmental plan approval.  The need to
update current regulations in order to streamline the permitting process is fundamental.
This would accelerate the introduction of new facilities.

Distributed generation will play an increasingly important role in meeting our nation’s
needs for additional electrical power.  The United States electricity consumption
increased 21.5 percent from 1990 to 1999.  The Energy Information Agency projects the
world’s electricity consumption to increase by two-thirds from 1999 to 2020.
Domestically, new demand combined with plant retirements is projected to require as
much as 1.7 trillion kilowatt-hours of additional electric power by 2020, almost twice the

http://www.ieee.org/
http://www.distributed-generation.com/regulatory_issues.htm
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growth of the last 20 years.  Over the next decade, the domestic distributed generation
market, in terms of installed capacity to meet the demand, is estimated to as much as 7
gigawatts per year (see www.distributed-generation.com).  Worldwide forecasts show
electricity consumption increasing from 12 trillion kilowatt hours in 1996 to 22 trillion
kilowatt-hours in 2020, largely due to growth in developing countries that lack
nationwide power grids.  The projected distributed generation capacity increase
associated with the global market is conservatively estimated at 20 gigawatts per year
over the next decade.  Table 1shows the size of several markets for distributed generation
(see www.distributed-generation.com).   These projections are sales estimates through
2010.

Table 1. Sales Estimates for Selected Markets through 2010

Market Sector Market Application
Capacity

(MW)

Number of
DG Units

(thousands)
Industrial Continuous Power 900 3

Combined Heat and Power 9,000 35
Peak Shaving 500 2
Standby/Emergency 5,000 100
Premium Power 8,000 30

Commercial Standby/Emergency 15,000 300
Premium Power 30,000 600

Residential Fuel Cells 3,500 500

In order to meet these projected demands, the U.S. Congress appropriated $18 million in
fiscal year (FY) 1993 to advance the use of phosphoric acid fuel cells (PAFCs) at
Department of Defense (DoD) installations.  An additional $18.75 million was
appropriated in FY94 to expand the program.  The U.S. Army Construction Engineering
Research Laboratory (USACERL) was assigned the mission of managing the Fuel Cell
Demonstration Program for the DoD.  USACERL's specific tasks included developing
turnkey PAFC packages, devising site criteria, screening DoD candidate installation sites
against selection criteria, evaluating viable applications at each candidate site,
coordinating fuel cell site designs, installation and acceptance of the PAFC power plants,
and performance monitoring and reporting.  For site performance information, click here.

The U.S. DOE continues to lead the power generation industry in the development of
innovative technology, such as fuel cells, that has propelled distributed generation to the
front of the energy arena.   DOE is leading this program through a partnership with other
federal agencies, state governments, technology suppliers, industry research
organizations, academia, power generators, energy service companies and end users.

http://www.distributed-generation.com/
http://www.distributed-generation.com/
http://dodfuelcell.com/pafc/site_performance.php3
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The Department of Energy’s distributed generation program is divided between the Fossil
Energy and Energy Efficiency and Renewable Energy.  The research and programs are
implemented through National Labs, academia, and technology developers.  For
information on the Department of Energy’s distributed power and power generation
technologies, click onto the following web sites:

• Fossil Energy: www.fe.doe.gov/programs_coalpower.html
• National Energy Technology Laboratory: www.netl.doe.gov/
• Office of Energy Efficiency and Renewable Energy: www.eren.doe.gov/
• National Renewable Energy Laboratory: www.nrel.gov/st.html

Distributed generation is being promoted strongly be several organizations from the
private sector.  Notably, the American Public Power Association (See www.appanet.org)
has been very active in promoting DG projects for public power.  Organizations such as
Public Technology Inc. (See www.pti.nw.dc.us) have been working with local
municipalities to educate and assist them in defining the benefits of using DG.
Furthermore, energy companies such as Austin Energy (See www.austinenergy.com)
have been leaders in implementing DG projects.  The combined efforts of government
and the private sector will pave the way for the realization of a large economical market
for DG. 

This document, prepared under support by the DOE National Energy Technology
Laboratory, provides abundant information that developers can use when planning their
distributed generation plant.   For example, there are 44,000 state and local code
jurisdictions in the United States, and a lack of national codes and standards adds to the
time and cost associated with the siting and permitting of distributed generation facilities.
Many distributed generation facilities are too small to be governed by the siting
requirements of many states, while requiring that regional permitting requirements and
building and fire codes be considered.  Local air emissions, noise, aesthetics, and land use
regulations are issues that every developer will have to be concerned with when sitting
new distributed generation installations.  Quite often, developers have limited resources
to gather information and lack the necessary tools to evaluate the difference between new
systems. This document provides a summary of the organizations experienced with local
and regional codes and standards, as well as their web site URL for additional
information.  Examples include the American National Standards Institute (click here)
and the National Fire Protection Association (click here).  Finally, this document also
summarizes several commercially available computer models that evaluate distributed
generation systems; reviews implementation requirements and discusses opportunities
and threats for potential users.   An example of an available computer model can be
found at http://www.archenergy.com/.    

http://www.fe.doe.gov/programs_coalpower.html
http://www.netl.doe.gov/
http://www.eren.doe.gov/
http://www.nrel.gov/st.html
http://www.appanet.org/
http://www.pti.nw.dc.us/
http://www.austinenergy.com/
http://www.ansi.org/
http://www.nfpa.org/
http://www.archenergy.com/
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1.0  Introduction

This introductory chapter is directed at summarizing the content contained in the main
sections of the report.  These include:

Chapter 2 – Template of Data Needs and Format for Representative DG
Installation Projects.

Chapter 3 – Implementation Requirements

Chapter 4 – Opportunities and Threats for Potential Users

Chapter 5 – Available Tools for Users

Chapter 2 will address a number of questions concerning DG power that need to be
answered prior to selecting the appropriate technology for a specific site.  Site questions
dealing with the availability of backup power, physical space requirements, and local
environmental laws must be evaluated.  The material in Chapter 2 will provide the initial
information needed for the evaluation.

The starting point of the chapter is a discussion on applications.  DG can provide
electricity ranging from a full time basis to standby, depending on the application the
customer has decided to utilize.  A brief description of the following applications is
provided: 

• continuous generation, 
• cogeneration, 
• peak shaving, 
• selling power to the grid under net metering, 
• standby/emergency generation, 
• premium power, 
• green power, 
• remote power, and 
• residential fuel cells.  

Site requirements and geographic location are closely related, and will therefore help to
determine the best technology to be installed.  There are site issues that should be
considered.  For example, are non-renewable fuel sources being considered?  If so, is
there an infrastructure that can deliver the fuel to the site, or will a capital investment be
required to build a part or all of the infrastructure?  Is there a dependable long-term
supply at a reasonable cost?  Questions such as these need to be evaluated before
choosing a technology.

The next section in Chapter 2 provides a description of the major technologies being
considered for DG.  In addition to the description, the status of the technology and links
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to other sites are provided for additional information.  Section 2.3, Design
Characteristics, is a continuation of the technology discussion.  Specification and
performance characteristics for the various technologies are examined in detail.

In Section 2.4, the focus of the chapter shifts from technology to permitting, codes, and
standards.  This section lists many of the codes and standards and organizations involved
with developing these guidelines.  As before, links to other sites are provided for
additional information.  The chapter concludes with a summary of some business
agreements that act as barriers to the expansion of DG and a discussion of why DG
technologies can be used in non-attainment areas across the United States.

In order to establish a successful DG project, all appropriate interfaces must be
established and properly integrated into the generation system.  The two key interfaces
involved are physical (the system’s interaction with fuel and electrical infrastructure) and
marketing (how the system interacts or competes with other suppliers).  In Chapter 3,
these two items are woven into the topics discussed below:

• Natural Gas and Fuel Infrastructure/Supply Requirements (Section 3.2);
• Fuel Purchase Contracts (Section 3.3);
• Electric Purchase Issues and Contracts (Section 3.4);
• Safety Assessment Requirements (Section 3.5);
• Electric Utility Interface Issues and Requirements (Section 3.6);
• Local, State, and Federal Regulations (Section 3.7); and
• Other Common Issues and Credits (Section 3.8).

The first requirement (Section 3.2) involves the key issues of the availability of fuel and
system hardware.  Use of gaseous fuels, such as natural gas, is more or less dependent on
being located near a pipeline.  On the other hand, liquid fuels are easily transported and
as such, permit a wider range of territory for installation of a DG system.  Information on
equipment and equipment manufacturers is also presented via inclusion of web links to a
wide variety of suppliers.

The trend in fuel purchase contracts (Section 3.3) for liquid or gaseous fuel is not likely
to be heavily impacted by the integration of DG systems into electric supply
infrastructure.  On the other hand, Electric Purchase Issues and Contracts (Section 3.4)
will continue to remain an issue between the DG operator/owner and electric utilities for
the foreseeable future.  These contracts are similar in many respects to those involving
large (>100MW) central generation stations.  However, there are many requirements
included in standard contracts that are not appropriate for DG systems.  System
developers must exercise caution to quantify carefully and to include all of the significant
elements of the project in writing.  Subsection 3.4.2 summarizes the key elements that
should be considered in a DG system contract.

There are two dominant safety concerns (Section 3.5) with regard to the interconnection
of a DG system.  The first of these is “islanding,” where a DG system could energize a
portion of the distribution grid when the grid is down.  The second concern is that the DG
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system will cause irregularities in the nearby distribution grid.  Both of these safety issues
can be addressed by following accepted standards.

Grid interconnection (Section 3.6) is presently the most complex issue involving DG.
The complexity increases from no concern for an isolated system without grid source, to
maximum concern for a grid interconnection with bi-directional power flow.  Three
important issues must be dealt with for interconnections.  These are the technical,
process, and contractual aspects.  The key technical issue is whether standards can be
developed to allow for a cost-effective technical solution.  A committee from the Institute
of Electrical and Electronic Engineers (IEEE) is currently working on this issue via the
development of a standard (P1547) for a DG interconnection.  A formal process for grid
interconnection may or may not be employed by different utilities.  Whether or not a
process is used, all utilities essentially go through the same set of seven steps.  These
include initial contact with utility, exchange of general project information between the
customer and the utility, engineering analysis by the utility, customer acceptance of
interconnection design, engineering/project review meetings, project engineering and
construction, and final utility inspection of interconnection and protective equipment.
There is generally no shortcut.  Contractual issues are discussed in Section 3.3.  

Section 3.7 discusses local, state and federal regulations that relate to project
implementation, whereas the Chapter 2 discussion (see above) is primarily directed at the
various participating organizations involved and their role in this arena.  Topics include
interconnection standards, siting, certification and permitting, access, metering and
dispatch, and Distribution and Transmission Company (DISCO) ownership of DG.
Government policies (Subsection 3.7.2) regarding DG are limited in most states.  Two
major siting, certification and permitting concerns, which must be addressed are a)
multiple local jurisdictions and different permitting agencies, and b) defining the
aggregate effects of locating multiple units in a common geographical area.  Access,
metering, and dispatch issues (Section 3.7.3) are primarily concerned with DG access to
the grid and how to pay for this access.  A report produced by the National Association of
Regulatory Utility Commissioners (NARUC) provides options for state regulators to
consider.  DG ownership (Section 3.7.4) by a Distribution and Transmission Company
(DISCO) is a controversial issue.  Without regulations allowing DISCO ownership,
DISCO’s are forming joint ventures to circumvent this issue.  A final Section 3.7.5
provides links to the various state web sites.

Chapter 4 outlines potential benefits and threats to users of distributed generation.
Distributed generation systems enjoy many opportunities, as discussed in Section 4.1.
Subsection 4.1.1 examines environmental advantages of using distributed generation
rather than central generation.  4.1.2 discusses reliability benefits of distributed
generation.  4.1.3 examines potential cost savings.  4.1.4 addresses potential benefits that
arise in a deregulated utility industry.  For example, the regulatory climate in a
restructured market may favor distributed generation, as utilities must compete for
customers.  Realized benefits depend on the circumstances specific to the installation.
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Despite such advantages compared to central power generation, certain barriers have
worked to inhibit the use of DG.  These barriers are addressed in Section 4.2.  Subsection
4.2.1 discusses ways that business practices may discourage DG, while  4.2.2 addresses
technical limitations, including safety issues and system capacity constraints.  4.2.3
identifies regulatory barriers that have acted to delay or prevent completion of distributed
generation.  4.2.4 addresses potential negative effects of industry restructuring, and 4.2.5
discusses barriers related to interconnection and lack of uniform interconnection
standards.

Chapter 5 describes computer-based modeling tools for conducting exploratory analysis
into the feasibility of distributed generation projects.  Model descriptions and links for
further information (including purchasing information) are provided.  The following tools
are discussed:

• D-Gen
• DUVal
• DOD Fuel Cell Spreadsheet
• DISPERSE
• SOAPP-CT.25
• Distributed Energy Technology Simulator
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2.0 Template of Data Needs

This section presents information on distributed generation systems that users can refer to
when considering the installation of a DG system.  Information is presented on specific
site needs, such as permitting requirements as well as general information, including
examples to help show what is required.  Information contained in this chapter should be
considered as preliminary in nature and a subsequent site evaluation will determine
specific requirements for an individual site.  Finally, links to other web sites are provided
for additional information.

2.1 Site and Application Description and Requirements
Examples of initial questions that need to be answered to determine requirements for a
specific DG application are as follows: 

• Is backup power available?
• Can excess power be sold back onto the grid?
• What are the local or state laws regarding installation of DG systems?
• What is the attitude of the servicing utility toward DG systems?
• What are the physical requirements of the DG system?
• Is there ample space available for the DG system?
• What are the needs for reliable or premium power at the site?

DG system applications can be grouped into those listed below.

Continuous Generation: These applications produce power on a nearly continuous
basis, running at least 6,000 hours per year.  When evaluating the use of DG technologies
in this capacity, customers must weigh competing grid price against installation cost and
operating cost of the DG system.  Operating costs include fuel and maintenance costs.
Power quality and reliability of grid power are also critical components.  In non-
attainment areas, emissions can provide a strong barrier to these applications, unless they
are controlled through use of “Green Power” technologies discussed below.

Cogeneration: Cogeneration, also known as combined heat and power (CHP), utilizes
otherwise waste exhaust heat to generate useful thermal output, typically steam.  The
steam may be used either for space heating or space cooling.  CHP applications are also
driven by installation and operating cost.  As with continuous power applications, these
units will run on a nearly continuous basis, typically at least 6,000 hours per year.
Emissions, unless they are controlled through the use of “Green Power” technologies, can
provide a strong barrier to implementation, especially in non-attainment areas.  

Peak Shaving: Driven primarily by high utility demand charges, peak shaving
applications are also affected by installed cost, perceived unit reliability, and fuel prices.
These units operate much less frequently than do continuous power or CHP applications,
often running as few as several hundred hours annually.
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Selling Power to the Grid Under Net Metering: Depending on state regulations,  some
customers may be eligible for net metering.  If eligible, net metering effectively allows a
customer to sell excess generation back to the grid at the same retail price as the customer
pays for  power from the grid during other periods.  With this financial incentive, the
economics for small commercial and residential DG installations, especially those based
on renewable energy technologies, are substantially enhanced.

Standby/Emergency Generation: Applications providing standby or emergency power
are typically driven by the reliability, perceived or real, of the grid and the cost of outage
to the customer.  Although the DG unit may only operate a few hours a year, it is used to
power critical devices whose failure would result in property damage and/or threaten
health and safety.  Some customers, including hospitals and airports, may be required by
local or state code to install and maintain these units.  For others, the high cost of outage
drives the application.  The choice of DG technologies for these emergency and standby
applications is determined by installed cost, time required to start (i.e. black start
response), fuel access/storage, and size/weight of the unit.

Premium Power: Onsite generation can improve both power quality and power
reliability, especially when backed up with grid based power.  This application requires a
DG technology that can operate continuously.  In an era of both increasing power outages
and rising demand for premium power, many businesses may install DG units to protect
against the risk and cost of power outages.  Potential customers include banks,
semiconductor manufacturers, grocery stores, hospitals and many other industrial and
commercial businesses.

Green Power: Many of the renewable technologies and fuel cells have very low
emissions.  With the addition of emission-reducing technologies, microturbines and
miniturbines also emit low levels of regulated gases.  Customers who are
environmentally inclined may purchase these DG applications for this reason, even if
they must pay a modest premium for green power compared with grid based power
purchases.  This incentive is particularly important in non-attainment areas.

Remote Power: Residences and small commercial establishments (such as ranches, dairy
farms and flower growers) that are located well away from an existing transmission and
distribution (T&D) system may opt to generate power onsite.  By doing so, they eliminate
both the cost of connecting to the grid and potential problems associated with being
located at the end of a long T&D line.  The elimination of these problems, which include
power outages and lower quality power, can produce economic conditions that favor the
use of DG technologies in remote areas.

Residential Fuel Cells: Individual households may choose to install DG for many of the
same applications noted above, and may find DG practical, especially for new
installations, if they are located sufficiently far from the grid.  However, residential
installations are relatively small, and with existing technology this market is most likely
to develop for 4 to 7 kW fuel cells.  These may be installed both in new construction and
in retrofits of existing housing.
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Site requirements are closely tied to the technology being installed and the installation
location. With 44,000 state and local code jurisdictions in the U.S., there are a number of
building, safety, and other codes that ultimately will effect the installation of DG
systems(1).   Local, state, regional, and federal offices dictate environmental site
requirements.  However, there are other issues that should be considered.  For example,
are renewable fuel sources (e.g. biomass) being considered?  If so, is there an
infrastructure that can deliver the fuel to the site, or will a capital investment be required
to build part or all of the infrastructure?  Also, is there a dependable long-term supply at a
reasonable cost?  Will a new work force require training to operate the DG system?  Does
the parent company support the DG system, or does it want to focus on its core business
and not electricity supply?  How will the project be financed (operating revenue, loan,
third party), is there a large electrical demand growth in the area, what is the political
climate for DG systems, and are there local incentives for DG systems?  Building and fire
codes are normally local issues that vary depending on location.  There are specific codes
that address various DG technologies and a discussion of codes and standards is
presented in Section 2.4.  

2.2 Technology Description:
Distributed generation includes different technologies varying in size, cost, application,
efficiency, fuel, and technical maturity.  Many of these technologies can be manufactured
in sizes ranging from small  (kW range) to large (MW).  Costs are presented in Section
2.3.2, but in general, the capital cost ranges in the $100s/kW for simple combustion
systems to the $1,000s/kW for renewable systems.  DG applications are normally 30
MWe or smaller.  Efficiencies begin in the low 20% range for simple systems, reach 50%
for more complex fuel cell systems and are projected to be as high as 80% for future
hybrid systems.  Fuel cells, turbines, microturbines, and reciprocating engines are
primarily fossil-fueled systems.  Reciprocating engines include the internal combustion
and diesel engines, and are established technologies.  Wind turbines and photovoltaic
modules are in the class of technologies powered by renewable resources.  A discussion
of the main technologies considered for DG is presented below:

Fuel Cells: Fuel cells work without combustion thereby minimizing environmental side
effects.  Power is produced electrochemically by passing a hydrogen-rich fuel over an
anode and air over a cathode and separating the two by an electrolyte.  In producing
electricity, the only by-products are heat, water, and carbon dioxide.  Hydrogen fuel can
come from a variety of hydrocarbon resources by subjecting them to steam under
pressure.  The electrolyte media used to separate the fuel cell’s electrochemical reactions,
differentiates the various types of fuel cells.

Alkaline fuel cells (AFC), similar to those used in the Apollo program, are extremely
efficient, but have historically been too costly for land-based use.  The polymer
electrolyte membrane fuel cell (also “proton exchange membrane fuel cell”; PEM or
PEFC) uses a thin, solid, polymer material as the electrolyte.  This cell is only capable of
operation at low temperatures (less than 120oC) which results in high-cost fuel
preparation systems and materials.  However, the PEMs are relatively compact in size
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and lightweight, and new developments have allowed PEM fuel cells to draw hydrogen
directly from methanol.  DOE’s Office of Energy Efficiency and Renewable Energy is
also continuing to investigate the use of PEM fuel cells for power production in buildings
(see DOE/EE website).

Presently, the DOE’s National Energy Technology Laboratory (NETL)/Strategic Center
for Natural Gas (SCNG) is supporting the commercialization of three fuel cell concepts
for stationary power applications.  The earliest, and the only to be commercialized thus
far, is the phosphoric acid fuel cell (PAFC).  Over 200 PAFCs are currently in operation,
and their successful operation has been instrumental in demonstrating the potential and
benefits of fuel cells.  (Click here for information about fuel cell demonstrations at DoD
sites).  However, the efficiency of PAFC units (37% to 42%) is low by fuel cell
standards, and high-cost materials, such as platinum, are still necessary.  In addition,
PAFCs are restricted to low temperature operation (~392oF/ 200oC) and using natural gas
as a fuel requires use of a costly “reforming” device (conversion into a hydrogen-rich
gas) included in the system.

Many of the deficiencies of the PAFC have been addressed in prototypes for the molten
carbonate fuel cell (MCFC) and solid oxide fuel cell (SOFC).  The MCFC uses a liquid
carbonate salt electrolyte and operates at higher temperatures (1200oF/650oC) allowing
internal fuel reforming and use of less expensive nickel electrodes.  SOFCs share many
of the advantages of the MCFC, and use a solid, coated zirconia ceramic electrolyte that
can operate at even higher temperatures (up to 1832oF/1000oC).  Both MCFC and SOFC
designs are expected to be commercialized within a few years.  A key benefit of the high-
temperature capabilities of these devices is that the output is steam, not water, allowing
the cells to support incremental power production in conventional turbines.  Such
integrated (“hybrid”) power systems are projected to achieve total system fuel
efficiencies of 80% or more. (2) (Click here for more information on SCNG’s programs in
hybrid power systems).

Despite the recent progress, high costs remain the main deterrent to widespread fuel cell
use.  In response, the Solid-State Energy Conversion Alliance (known as SECA) has been
created to bring industry, national laboratories, and universities together to realize
significant improvement in the economics of fuel cell production and use.  SECA is
focused on developing the affordable, high-efficiency, solid-state fuel cells that will
realize the long-awaited potential of the clean, efficient, fuel cell. 

Turbines: Combustion turbines can burn a number of fuels such as natural gas, a variety
of petroleum fuels, or can have a dual-fuel capability.  Over 500 combustion turbines in
the 1–30 MWe sizes were shipped worldwide last year for power generation.  Emissions
can be controlled to very low levels using dry combustion techniques, water or steam
injection, or exhaust treatment.  A gas turbine produces a high-temperature, high-pressure
gas working fluid, through combustion, to induce shaft rotation by impingement of the
gas upon a series of specially designed blades.  The shaft rotation drives an electric
generator and a compressor for the air used by the gas turbine.  Many turbines also use a

http://www.eren.doe.gov/buildings/building_equipment/fuel_cells.html
http://dodfuelcell.com/
http://dodfuelcell.com/
http://www.netl.doe.gov/scng/index.html
http://www.seca.doe.gov/
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heat exchanger called a recuperator to impart turbine exhaust to preheat the combustor’s
air/fuel mixture. (3) (Click for more information on DOE’s gas turbine program)

Microturbines: Microturbines are basically scaled-down versions (from 25 to 75
kilowatts) of the large (approximately 10 – 300 MWe) gas turbine systems used in central
power stations.  However, due to their small size, they currently cannot approach the
operating temperatures of the large machines – as a result, their fuel efficiency is limited.
The DOE’s Office of Industrial Technologies is currently developing a multi-year plan to
design, develop, test, and demonstrate new micro-turbines that greatly exceed the
performance of existing systems.  Systems up to 400 kilowatts in size that use advanced
materials and technologies to allow significant increases in operating temperature, and
resultant efficiency, are being planned.  For more information, go to the Microturbine
page of the DOE’s Office of Energy Efficiency and Renewable Energy - Office of
Industrial Technologies. (4)

Reciprocating Engines: Reciprocating engines are internal combustion engines that burn
fuel/air mixtures to drive pistons attached to a central, rotating, crankshaft.  Although the
most common use for reciprocating engines is in automobiles, they are also used in
stationary applications to power devices such as electric generators.  The demand for
these small machines for the generation of power at individual businesses and factories
will increase.  Reciprocating engines are a favored choice due to their ruggedness, the
time-tested nature of the technology, their ability to use a wide variety of fuels, the
widespread availability of service personnel, and low capital cost.  Current spark-ignition
natural gas engines range in efficiency from 34-38%.  Application of high temperature
materials, engine sensors and controls, improved combustion practices, and other
advances may allow attainment of efficiencies up to 50%(4).  For more information, go to
the Reciprocating Engines page of the DOE’s Office of Energy Efficiency and
Renewable Energy - Office of Industrial Technologies. 

Wind Turbines: 
Wind turbines capture the wind's energy with two or three propeller-like blades, which
are mounted on a rotor, to generate electricity.  The turbines sit high atop towers, taking
advantage of the stronger and less turbulent wind at 100 feet (30 meters) or more above
ground.  A blade that acts much like an airplane wing is used.  When the wind blows, a
pocket of low-pressure air forms on the downwind side of the blade.  The low-pressure
air pocket then pulls the blade toward it, causing the rotor to turn.  This is called lift.  The
force of the lift is actually much stronger than the wind's force against the front side of
the blade, which is called drag.  The combination of lift and drag causes the rotor to spin
like a propeller, and the turning shaft spins a generator to make electricity.  Wind turbines
can be used as stand-alone applications, can be connected to a utility power grid, or even
combined with a photovoltaic system. (4) For more information, go to the Wind Energy
page of the DOE’s Office of Energy Efficiency and Renewable Energy - Office of
Industrial Technologies. 

Large wind turbines are grouped in arrays called windfarms.  These machines require
high wind resources because they must compete with conventional generation at the

http://www.fe.doe.gov/coal_power/turbines/
http://www.oit.doe.gov/
http://www.oit.doe.gov/
http://www.eren.doe.gov/wind/
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wholesale level.  Wind energy potential increases very rapidly with increasing wind
speed.  If wind speed doubles the energy content goes up eight fold.  Most turbines are
designed for high reliability, low maintenance, and automatic operation in adverse
weather conditions.  

Photovoltaic: Photovoltaic (PV) devices incorporate solar cells to convert sunlight
directly into electricity.  A PV cell consists of semiconducting material, commonly
silicon, that absorbs the sunlight.  The solar energy knocks electrons loose from their
atoms, allowing the electrons to flow through the material to produce electricity.  PV
cells are typically combined into modules that can accomodate about 40 cells.  These
modules are mounted in PV arrays that can be used to generate electricity for a single
building or, in large numbers for a power plant.  

Solar Thermal:
A power plant can also use a concentrating solar power system, which uses the sun's heat
to generate electricity.  The sunlight is collected and focused with mirrors to create a
high-intensity heat source.  This heat source produces steam or mechanical power to run
a generator that creates electricity. (4) For more information, go to the Solar Power page
of the DOE’s Office of Energy Efficiency and Renewable Energy - Office of Industrial
Technologies. 

Tables 2.1a and 2.1b provide two examples of DG systems.  Equipment lists are provided
to show the types and sizes of equipment that may be used in a typical installation.  Table
2.1a summarizes the hardware for a gas turbine that generates approximately 3.4 MWe
and is fueled by natural gas.  Table 2.1b outlines a fuel cell DG system that is 17 MWe in
size and is also fueled by natural gas.  It should be noted that this fuel cell system is not
commercially available and would not be considered for a DG application today.
However, this was the only example that could be found in the open literature(5) that
presented the level of detail shown in the table.  It is not intended to replace a unit, e.g.,
an ONSI 200 kWe PAFC unit, that is more representative of today’s commercial
technology.

2.3 Design Characteristics
In the Design Characteristics section, information is given on equipment and
performances.  The DG design depends on the application and requirements for the
power system.  The factors that will determine the requirements for a specific application
are discussed in Section 2.1.  Section 2.2 provides a description of the major technologies
and examples of hardware that are being considered for DG applications.  This section is
a continuation of the technology discussion and also provides a short discussion of power
generation technologies, including what would comprise typical system layouts.

2.3.1 Equipment Profiles
For the purpose of this section, a residential installation is 5kW and a commercial one is
200 kW.  As DG units become larger, typically in the megawatt range, the systems
become more complex and on-site engineering and preparation is required.  Most of these
residential units and many of the commercial units however, are factory built, requiring

http://www.eren.doe.gov/csp/
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little on-site engineering to place these systems into operation.  These units are
manufactured using standard designs for utilities and electrical service hookups.  Links to
equipment manufactures and developers are provided for additional details.

Fuel Cells
The fuel cell module in the distributed power generation range can be characterized as
being a self-contained unit from the factory.  The units can be skid-mounted or placed on
a concrete pad.  Fuel cells can be used in either residential or commercial markets.  The
installation of a residential fuel cell is simple.  A concrete slab is poured and the fuel cell
is set on it.  Piping from the fuel cell to the fuel supply, electrical output connections to
the home load panel, and optional heat recovery are connected.  There are optional
external communications, and, for indoor locations, there are air supply and exhaust lines.

The commercial fuel cell system is also a modular unit that can be located indoors or
outdoors.  Like the residential unit, connections are made to the fuel cell for fuel supplies,
electric service, and heat recovery/cooling.  The commercial unit has several options that
are not normally considered for the residential units.  The commercial options include
grid connection, high-grade heat recovery, remote data acquisition and control, and dual
fuel operation.  

The picture below shows the ONSI Corporation PC25.  Nearly 200 of these 200 kW units
have been sited in the United States and overseas.  Phosphoric acid fuel cells were the
first fuel cells to cross the commercial threshold in the electric power industry.  ONSI
PC25 fuel cells include one that powers a police station in New York City's Central Park
and another that provides supplemental power to the Conde Nast Building located at 4
Times Square in New York. I  Additional information on the former International Fuel
Cells program (now United Technologies, Inc.) can be found at
www.internationalfuelcells.com/commercial/features.shtml#options

Siemens Westinghouse and Fuel Cell Energy also have active field test programs.
Siemens Westinghouse efforts in the solid oxide fuel cell (SOFC) arena are summarized
at www.pg.siemens.com/en/fuelcells/demo/index.cfm.  Fuel Cell Energy effort in molten
carbonate fuel cell (MCFC) can be found at
www.fuelcellenergy.com/site/products/300kw.html.         

http://www.internationalfuelcells.com/commercial/features.shtml#options
http://www.pg.siemens.com
http://www.fuelcellenergy.com/site/products/300kw.html
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Turbines
Much like the fuel cell, turbines can be skid mounted or placed on a concrete surface.
Microturbines range in size from 25 to 75 kilowatts, where industrial gas turbine systems
can range from10 – 300 MWe.  Both the micro and industrial turbines are normally
factory package units that have only utilities and power services that require connections
at a site.  These turbines can have heat recovery and steam generation for cogeneration or
combined-cycle applications.   There are some advantages in purchasing factory package
units in that they reduce on-site engineering requirements, reduce the uncertainty in the
capital cost, and can be skid mounted and mobile.  Because there is less on-site
construction, the units require less time to bring on-line. 

The picture below shows an industrial gas turbine that produces high quality heat that is
used to generate steam for combined heat and power and combined-cycle applications.
In addition to natural gas, these turbines can accommodate a variety of gases including
those derived from gasification of coal, biomass, and hydrocarbon wastes.  However,
pollutant emissions, primarily nitrogen oxides, are a concern particularly as turbine inlet
temperatures are increased to improve efficiency.ii

The following web site is referenced to provide additional information on plant layouts
and characteristics.   
http://esolar.cat.com/Cat_World/assets/media/esolar/bwl.pdf

Diesel Engines
Diesel engine power generation sets are factory built, mobile (can be trailer mounted),
and have high levels of reliability and availability.  They can operate on a number of
fuels, and again like most DG installations are rapidly constructed.  Diesels have highly
competitive capital costs, have high efficiency at full or partial load, and can have a total
efficiency approaching 90% for combined heat and power (CHP) plants.  Like the fuel
cells and turbines, only utilities and electric hookups are required from the customer.  

The picture below shows a JOHN DEERE powered genset.  The standard equipment
consists of: mounted steel skid, rubber vibration isolators, generator, diesel engine with

http://esolar.cat.com/Cat_World/assets/media/esolar/bwl.pdf
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mounted radiator and fan assembly, air filter, fuel separation filter, muffler assembly, and
automatic or button start.  The size range for these units is 40-100kW.iii

The following web site is referenced to provide additional information on plant layouts
and characteristics.
www.cat.com/industry_solutions

Wind Turbines
Normally in residential application both the wind turbine and a local utility serve the
home.  The wind turbines can either be purchased as a turnkey installation directly from
the factory or the turbine can be purchased and installed by the customer.  If the wind
speeds drops below the cut-in speed (7-10 mph) power is purchased from the utility.  As
wind speeds increase, turbine output increases and the amount of power purchased from
the utility decreases.  When excess power is produced, the surplus electricity is sold to
the utility.  All of this is done automatically. 

The picture below shows one of three new 50-kilowatt AOC 15/50 wind turbines built in
the Arctic tundra near Kotzebue, Alaska, during the summer of 1997.  They were joined
by seven more AOC 15/50 wind turbines in the spring of 1999.  Kotzebue is Alaska’s
largest Eskimo community north of the Arctic Circle, with about 3,500 residents.iv

http://www.cat.com/industry_solutions
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The following web site is referenced to provide additional information on plant layouts
and characteristics.
http://www.awea.org/faq/rsdntqa.html

Photovoltaic
Solar modules are factory units made up of many "cells" manufactured from various
forms of silicon.  The cells are in long series strings, where the current passing through
each cell is the same.  Most modules are installed at a fixed azimuth and tilt angle to face
the brightest part of the sky.  The solar module DC output is converted to AC by a special
inverter and excess electricity can be sold to the grid.

The picture below shows a portable PV/propane system that provides electricity for
California State University's Desert Research Center in Southern California.  The facility
is far from utility power lines, yet it includes a commercial kitchen, machine shop,
classrooms, laboratory, and dormitories that sleep 75 people.v

http://www.awea.org/faq/rsdntqa.html
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The following web site is provided to provide additional information on plant layouts and
characteristics.
http://www.spiresolar.com/Solar/SPI-LINE_series.html#100MSU

____________________________________________________
i   Source: http://www.fe.doe.gov/coal_power/fuelcells/fuelcells_phos.shtml
ii  Source: http://www.fe.doe.gov/coal_power/turbines/index_industrial.shtml
iii Source: http://www.allworlddieselgen.com/products.shtml#JOHN%20DEERE
iv Source: http://www.eren.doe.gov/wind/weu.html
v  Source: http://www.eren.doe.gov/pv/pvgenerator.html

http://www.spiresolar.com/Solar/SPI-LINE_series.html#100MSU
http://www.fe.doe.gov/coal_power/fuelcells/fuelcells_phos.shtml
http://www.fe.doe.gov/coal_power/turbines/index_industrial.shtml
http://www.allworlddieselgen.com/products.shtml#JOHN%20DEERE
http://www.eren.doe.gov/wind/weu.html
http://www.eren.doe.gov/pv/pvgenerator.html
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2.3.2 List of Equipment (5)

Table 2.1a Natural Gas Turbine Major Equipment List
Major Equipment
Items

Unit of Capacity Material of
Construction

Design Characteristics

Gas Turbine Package Unit By Gas Turbine Vendor
Electric Generator 3.2 MWe
1st Stage Compressor 1,849 Hp
2nd Stage Compressor 2,882 Hp
3rd Stage Compressor 2,787 Hp
High Pressure Turbine 10,864 Hp
Low Pressure Turbine 1,568 Hp
First Intercooler 4.14 MMBtu/Hr

Effectiveness=0.79
Aluminum Off Engine – Plate/Fin Counter Flow

Second Intercooler 7.1 MMBtu/Hr 
Effectiveness=0.86

Aluminum Off Engine – Plate/Fin Counter Flow

Cooling Unit 11.3 MMBtu/Hr
Effectiveness=0.81

Copper Finned Tubes, Forced Draft, Dry, 15-1.5
Hp Fans

Coolant Pump 100 GPM @ 25’
Head

3 Pumps, 2 Operating, One Spare

Air Filter 31,200 SCFM
Turbine Inlet Heater (2
Required)

9.08 MMBtu/Hr
Effectiveness=0.89

Inconel 600 5/8” Bare Tubes, 3 Pass, Cross Counter
Flow, 5,378 Ft2 Surface

Turbine Reheater (2
Required)

7.8 MMBtu/Hr
Effectiveness=0.84

Stainless Steel 5/8” Bare Tubes, 3 Pass, Cross Counter
Flow, 6,239 Ft2 Surface
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The fuel cell system shown in Table 2.1b is 17 MWe in size and is fueled by natural gas.

Table 2.1b Fuel Cell Major Equipment List
Major Equipment
Items

Unit Capacity Materials of Construction Design Characteristics

Fuel Cell Modules 12 Modules, 4
Stacks/Module
17 MWe

380 Cells/Stack, Cell Area 0.78M2

Desulfurizer 1872 SCFM Natural Gas Carbon Steel Activated Charcoal
Anode Exhaust
Oxidizer

27.6 MMBtu/Hr Stainless Steel Catalytic Inlet Section

Second Stage Air
Heater

4.5 MMBtu/Hr
Effectiveness=0.68

Stainless Steel Finned Tubes, Multi-Pass, Cross
Counter Flow

Processed Fuel Heater 1.25 MMBtu/Hr
Effectiveness=0.86

Stainless Steel Finned Tubes, Multi-Pass, Cross
Counter Flow

Fuel/Steam Heater 1.9 MMBtu/Hr
Effectiveness=0.75

Stainless Steel Finned Tubes, Multi-Pass, Cross
Flow

First Stage Air Heater 8.85 MMBtu/Hr
Effectiveness=0.96

Stainless Steel Finned Tubes, Multi-Pass, Cross
Counter Flow

Boiler 3.85 MMBtu/Hr
Effectiveness=0.96

Stainless Steel Finned Tubes, 1 Pass, Cross Flow

Natural Gas Heater 0.2 MMBtu/Hr
Effectiveness=0.81

Stainless Steel Finned Tubes, 1 Pass. Cross Flow

Feedwater Heater 0.6 MMBtu/Hr
Effectiveness=0.80

Stainless Steel Finned Tubes, 1 Pass. Cross Flow

Water Treatment
System

5 MHP, 4 GPM R.O.
Feed Pump, (2) 7 GPM,
.75 MHP Transfer
Pumps, 2,500 Gal. Water
Storage Tank

Misc Packaged Assembly

Steam Jet Ejector 1851 SCFM Natural Gas
Piping & Pipe
Insulation

Stainless Steel

Power Conditioning
System

17 MVA 1,200 VDC In/440 VAC 3 Phase
Out

DC Cabling 1,250 AMPS/Stack
Module

Ni/Cu 1,200 Volts
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2.3.3 Specifications and Performance
The tables given below provide a summary of the overall specifications for the major DG
technologies.  The tables provide preliminary information.  More detailed estimates on
economics and systems design based on site conditions would be needed by planners
before proceeding into the project.  

Table 2.2a Fuel Cells*

Characteristic Notes
Brief Description A high-efficiency electrochemical energy

conversion device, which can generate electricity
and produce heat.  

Fuels Hydrogen, either in pure form or supplied by a fuel
reformer from hydrogen-containing fuels such as
diesel, gasoline, propane, natural gas, and biofuels.

Efficiency 35-54%
Market Readiness First models are being introduced to the market.
Turnkey Capital Cost Phosphoric acid - $4,000/kW; cost goal of SECA is

$400/kW by 2010.

*The main types of fuel cells are polymer electrolyte, alkaline, phosphoric acid, molten
carbonate, and solid oxide and their differences are summarized below.

Table 2.2b Summary of Major Differences of the Fuel Cell Types (6)

PEFC AFC PAFC MCFC ITSOFC* TSOFC**
Electrolyte

Ion
Exchange
Membranes

Mobilized or
Immobilized
Potassium
Hydroxide

Immobilized
Liquid
Phosphoric
Acid

Immobilized
Liquid
Molten
Carbonate

Ceramic Ceramic

Operating
Temperature

80°C 65°C – 220°C 205°C 650° 600-800°C 800-1000°C

Charge
Carrier

H+ OH- H+ CO3= O= O=

External
Reformer for
CH4 

Yes Yes Yes No No No

Prime Cell
Components

Carbon-
based

Carbon-based Graphite-based
Stainless-
based

Ceramic Ceramic

Catalyst Platinum Platinum Platinum Nickel Perovskites Perovskites

Product
Water
Management

Evaporative Evaporative Evaporative
Gaseous
Product

Gaseous
Product

Gaseous
Product

Product Heat
Management

Process Gas
+
Independent
Cooling
Medium

Process Gas +
Electrolyte
Calculation

Process Gas +
Independent
Cooling
Medium

Internal
Reforming +
Process Gas

Internal
Reforming +
Process Gas

Internal
Reforming +
Process Gas

* Intermediate Temperature Solid Oxide Fuel Cell; ** Tubular Solid Oxide Fuel Cell
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Table 2.2c Combustion Turbines – Simple Cycle (10)

Characteristic Notes
Brief Description A turbine propelled by expanding gas (e.g., a jet

engine that drives a dynamo)
Fuel (s) Natural gas, distillate fuel oil, and biofuels
Typical Sizes 500 kW to 165 MW
Market Readiness Fully commercialized 
Efficiency 21-40%
Turnkey Capital Cost $475-$900/kW
Non-fuel O&M Cost 0.3-0.8 cents/kWhr

Table 2.2d Microturbines(10)

Characteristic Notes
Brief Description A small turbine propelled by expanding gas to drive

a dynamo.  Contains only one moving part.  Turbine
rotates at up to 100,000 RPM.  

Fuel (s) Fossil fuels – natural gas, propane, fuel oil, and
biofuels

Market Readiness Newly commercialized – first model available in
1999

Typical Sizes 25-300 kW
Efficiency 22-30%
Turnkey Capital Cost $475-$1,100/kW
Non-fuel O&M Cost 0.5-1.0 cents/kWhr

Table 2.2e Natural Gas Engine(10)

Characteristic Notes
Brief Description An internal combustion engine that drives a dynamo
Fuel (s) Natural gas, biogas
Market Readiness Fully commercialized
Typical Sizes 50 kW to 5 MW

Efficiency 28-42%
Turnkey Capital Cost $600-$1,000/kW
Non-fuel O&M Cost 0.7-1.5 cents/kWhr

Table 2.2f Diesel Engine(10)

Characteristic Notes
Brief Description An internal combustion engine that drives a dynamo
Fuel (s) Diesel, gasoline, propane, biofuels, and bi-fuels
Market Readiness Fully commercialized
Typical Sizes 5 kW to 20 MW
Efficiency 36-45%
Turnkey Capital Cost $350-$500/kW
Non-fuel O&M Cost 0.5-1.0 cents/kWhr
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Table 2.2g Wind Turbines(10)

Characteristic Notes
Brief Description Wind turbines use the wind to drive a dynamo to

generate electricity
Fuel (s) None (wind)
Market Readiness Commercialized
Typical Sizes <1 kW to 5 MW
Efficiency N/A
Turnkey Capital Cost $900-$1,500/kW (peak)

Non-fuel O&M Cost 1.0-1.5 cents/kWhr

Table 2.2h Photovoltaic (Solar Cells) (10)

Characteristic Notes
Brief Description Converts solar energy into direct current
Fuel (s) None (solar radiation)
Market Readiness Commercialized
Typical Sizes <1 kW to 1 MW
Efficiency N/A
Turnkey Capital Cost $5,000-$10,000/kW (peak)
Non-fuel O&M Cost 1.0-2.0 cents/kWhr

Table 2.2i Emissions (lb/MWhr) (7)

Technology NOX SOX CO CO2 VOC PM
Internal Combustion
Engine

3.2 0.01 8.0 970 1.7 4.75

Combustion Engine-
Simple Cycle

1.09 0.02 2.6 950 0.03 0.07

Microturbine 1.4 0.02 2.85 1,250 0.05 0.09
Fuel Cell 0.0 0.0 0.0 850 0.0 0.0
Wind Turbine, Solar
Thermal, and
Photovoltaic

0 0 0 0 0 0

2.4 Permitting, Codes, and Standards:
This section examines the permitting requirements required for a DG installation.  There
has been considerable discussion on how siting and permitting requirements should be
modified and streamlined.  There are 44,000 state and local code jurisdictions in the U.S.,
and a lack of national codes and standards adds to the time and cost associated with the
siting and permitting of DG facilities.  Many DG facilities are too small to be governed
by states’ power generation facilities siting requirements, but regional permitting
requirements and building and fire codes will need to be considered.  Local air emissions,
noise, aesthetics, and land use regulations are issues that every developer will have to
consider with when siting new DG installations.  Building code issues and standard
problems are listed below: (1)

• Zone issues: noise, exhaust, and property lines.
• Code officials assume that unproven technologies will have unintended

consequences.
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• The need to identify which codes should be targeted for change.
• Difficult to modify codes in timely fashion.
• Code does not address type/manner of installation.
• Electric code requirements for PV interconnect.
• Design issues (standardized design for each system).
• Uniform Code requirements do not exist.
• Difficulty in determining the location and type of system to be installed.
• “Turf wars” – who makes the rules?
• FERC’s role in regulating DG issues.
• DG must be on “load” or “line” side of-main disconnect.
• Local misinterpretation of national code issues (NFPA, etc.).
• Local amendments.
• Lack of identification of current standards to apply to the installation.
• Fuel source for full-time use (natural gas) different from what is needed for back-up

applications (diesel, etc.).
• Where does DG fit in regulations (generation, transmission, service)?
• Lack of qualified DG testing lab and/or inspection agencies.
• Criteria for system evaluation are not defined.
• Too many layers of environmental review required.
• NRTL listing of equipment (UL, ETL, CSA).
• Testing protocols for DG are not published.

A number of other problems are listed in Table 2.3.

Table 2.3 Other Problems (1)

Utility Pricing and
Practices

• Utilities are unprepared to shift focus from producing power to accommodating
other power producers

• Utility executives are too cautious and/or conservative
• Utilities don’t disaggregate cost of service by location/time
• No temporal evaluation of utility/energy assets  
• Utilities don’t know cost and benefits of DG to T&D system
• Gas utility rates not designed for DG power production
• Problems in determining appropriate fees and tariffs for connection 

Infrastructure • Lack of master planning zoning for DG systems
• Gas infrastructure not necessarily set up for some DG applications; constrains in

gas supplies- pipelines, pressures
• Communications protocols
• Fuel storage

Cost • Lack of cohesion to plan and fund DG projects
• Real estate availability: customers with ideal sites not in the generation business
• Customers don’t understand economics of DG decisions
• Lack of feasibility/economic models  to compare technologies
• Internal vs. external cost complicates decision making
• Cost of  equipment/O&M
• Because it is the early stages of utilization of DG, the demand does not yet exist

Manufacturer/Supply
Practices

• Not enough specified systems (early in commercialization)
• Unfamiliarity with the technology – consumers need more information
• Inadequate justification from suppliers for installation
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• Lack of access to performance data, options
• Lack of DG “common knowledge”
• High cost of transfer/safety switches

Cities Regulating DG • Addition to overall air quality
• Using existing standby units for DG creates many problems
• Municipalities wear two hats – user and regulator
• Sound level and emission regulation for applications
• Property occupancy issues (turbine)

Cities Responding to
Needs of Customers

• Environmental justice concerns
• Focus on large customers vs. residential customers blocs

Public Perception • N.I.M.B.Y. (not in my backyard)
• DG benefits are not widely known and/or accepted
• Questions about impact of noise on residents and wildlife
• Supportive political environment is needed

Technical Interconnect • Utility-controlled or privately owned
• Utility resistance – network protection required to add $ to the project
• Utility not conformable with DG protective relays
• Interconnection coordination of safeties
• Concern about the utility/distribution system interfaces
• Incompatibility of backfeeding DG on “spot networks”
• Delay in receiving interconnect approval

At the Federal and some larger state and local levels, agencies are aware of the potential
implications of DG.  At local levels of government, agencies will be the first to address
DG in the form of building permits, fuel use inspections, and air pollution control
activities without having the information to properly evaluate DG in the regulatory
process.  In the case of air pollution control, the following organizations represent key
agencies:

• STAPPA/ALAPCO: The State and Territorial Air Pollution Program Administrators
(STAPPA) and the Association of Local Air Pollution Control Organizations
(ALAPCO) are national organizations.  Their membership includes all state air
pollution control programs along with some interaction with U.S. territories and all
major local air pollution control programs.  www.cleanairworld.org/scripts/stappa.asp

• CAPCOA: The California Air Pollution Control Officers Association is made up of
all local pollution control programs in the state of California. www.capcoa.org/

• NESCAUM: The Northeast States for Coordinated Air Use Management represents
the state air pollution control programs in the states of Connecticut, Maine,
Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and Vermont.
This group carries out studies and maintains a training academy in air pollution
issues.  www.nescaum.org/  

• MARAMA: Mid-Atlantic Regional Air Management Association represents state
and local air pollution agencies in the mid-Atlantic region of the eastern United
States; Delaware, District of Columbia, Maryland, New Jersey, North Carolina,
Pennsylvania, Virginia, West Virginia, Philadelphia, and Allegheny County.
MARAMA is primarily concerned about ozone, PM10, PM2.5, and long-range
transport.  www.marama.org/  

http://www.cleanairworld.org/scripts/stappa.asp
http://www.capcoa.org/
http://www.nescaum.org/
http://www.marama.org/
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• WESTAR: The Western States Air resources Council includes the air pollution
control programs for Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana,
Nevada, New Mexico, North Dakota, Oregon, South Dakota, Utah, Washington, and
Wyoming.  The purpose of this organization is to promote the exchange of
information concerning air quality relevant to states located in the western United
States.  www.westar.org/  

There are other city/county organizations that might provide information concerning DG
issues:

• ICMA: The International City/County Management Association addresses many
issues associated with city/county management.  This association has interests in
city/county safety issues and links with fire departments and other city safety
agencies.  www.icma.org/go.cfm  

• NARC: The National Association of Regional Councils provides an interface at the
national level to Councils of Government and Metropolitan Planning Organizations.
NARC is associated with the Association of Metropolitan Planning Organizations.
These groups include air quality as one of their major interest and can be a source of
information for local zoning and safety issues handled by city and county
governments.  www.narc.org/  

• SSEB: The Southern States Energy Board addresses a number of concerns in the
Southeastern United States that relate to energy and the environment. www.sseb.org/

• PRIMA: The Public Risk Management Association addresses local safety issues.
Members are from city/county organizations.  www.primacentral.org/  

• IAFC: The International Association of Fire Chiefs is a source to city and county fire
departments, which do much of the safety inspections for cities and counties.
www.iafc.org/

The rapid development and application of DG technologies throughout the world has
created the need for DG technology related codes and standards.  Several organizations
and committees are currently working on the development of codes and standards related
to technologies that are used in DG applications. 

According to the National Fire Protection Agency (NFPA) Regulations Governing
Committee Projects, codes and standards are defined as follows:

Code: A standard that is an extensive compilation of provisions covering broad subject
matter or that is suitable for adoption into law independently of other codes and
standards.

Standard: A document, the main text of which contains only mandatory provisions using
the word "shall" to indicate requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adoption into law.  Non-
mandatory provisions are located in an appendix, footnote, or fine-print note and are not
to be considered a part of the requirements of a standard.

http://www.westar.org/
http://www.icma.org/go.cfm
http://www.narc.org/
http://www.sseb.org/
http://www.primacentral.org/
http://www.iafc.org/
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This section provides a brief overview of the existing and developing codes and standards
related to DG technologies.  The discussion focuses on participating organizations,
specific codes and standards and more generally applied codes and standards (e.g., the
Uniform Building Code) that apply to system installation.  Below is a listing and brief
description of organizations involved in the development of codes and standards
pertaining to DG technology.

American National Standards Institute (ANSI): ANSI has served in its capacity as
administrator and coordinator of the United States private sector voluntary
standardization system for 80 years.  The Institute is a private, nonprofit membership
organization supported by a diverse constituency of private and public sector
organizations.  ANSI Z21.83 has been published and provides a means of testing and
certifying the safety of stationary fuel cell power plants having a capacity of less than 1
MW.  www.ansi.org

American Society of Mechanical Engineers (ASME): ASME is an international
engineering society that conducts one of the world's largest technical publishing
operations.  ASME International is a nonprofit educational and technical organization
serving a worldwide membership.  Its mission is to promote and enhance the technical
competency and professional well being of engineers through programs and activities in
mechanical engineering.  To this end, ASME has developed the Boiler and Pressure
Vessel Code which is referenced as part of the AGA certification.  Additionally, ASME
is working on a fuel cell standard, ASME PTC 50, which will address fuel cell
performance.  Publication of this standard is not expected until 2002. www.asme.org

Institute of Electrical and Electronics Engineers (IEEE): The mission of IEEE is to
advance global prosperity by promoting the engineering processes of creating,
developing, integrating, sharing and applying knowledge about electrical and information
technologies.  IEEE Standards Coordinating Committee 21 (SCC21) oversees the
development of standards in the area of fuel cells, photovoltaics, distributed generation,
and energy storage.  SCC21 coordinates efforts in these fields among the various IEEE
societies and other appropriate organizations to insure that all standards are consistent
and properly reflect the views of all applicable disciplines.  Working Group 1547 -
Standard for Distributed Resources Interconnected with Electric Power Systems -
establishes criteria and requirements for interconnection by distributed resources with
electric power systems.  The purpose is to provide a uniform standard for interconnection
of distributed resources with electric power systems and requirements relevant to the
performance, operation, testing, safety considerations, and maintenance of the
interconnection. www.ieee.org

International Electrotechnical Commission (IEC): The IEC is the world organization
that prepares and publishes international standards for all electrical, electronic and related
technologies.  The membership consists of more than 50 participating countries,
including the entire world's major trading nations and a growing number of
industrializing countries.  The IEC’s mission is to promote, through its members,
international cooperation on all questions of electrotechnical standardization and related

http://www.ansi.org/
http://www.asme.org/
http://www.ieee.org/
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matters, such as the assessment of conformity to standards in the fields of electricity,
electronics and related technologies.  The IEC charter embraces all electrotechnologies
including electronics, magnetics and electromagnetics, electroacoustics,
telecommunication, and energy production and distribution, as well as associated general
disciplines such as terminology and symbols, measurement and performance,
dependability, design and development, safety and the environment. www.iec.ch

The National Fire Protection Association (NFPA): NFPA is non-profit organization that
publishes the National Electrical Code®, the Life Safety Code®, the Fire Prevention
Code™, the National Fuel Gas Code®, and the National Fire Alarm Code®.  The mission
of NFPA is to reduce the worldwide burden of fire and other hazards on the quality of life
by providing and advocating scientifically based consensus codes and standards,
research, training, and education.  NFPA is developing a fuel cell specific code, NFPA
853, which will cover the installation of stationary fuel cells of at least 50 kW output.
www.nfpa.org/Home/index.asp

Underwriters Laboratories Inc. (UL): UL is an independent, not-for-profit product
safety testing and certification organization.  UL has tested products for public safety for
more than a century with more than 14 billion UL Marks applied to products worldwide.
UL has developed a standard for inverters that can be applied to fuel cells. www.ul.com

Codes & Standards
A summary of existing and pending DG related codes and standards is presented in Table
2.4. (6) More detailed descriptions are provided subsequently based on their specific area
of application.

Table 2.4 Summary of Related Codes and Standards
CODE/STANDARD ORGANIZATION SUMMARY
1. PTC 50 ASME Performance Test Code - Will provide test

procedures, methods and definitions for the
performance characterization of fuel cell
power systems.

2. IEEE SCC 21 IEEE Standards coordinating committee –
Concerned with matters such as fuel cells,
photovoltaics, dispersed generation and
energy storage

3. IEEE P1547
    

IEEE DG Interconnection Standard –
Establishes criteria and requirements for
interconnection of distributed resources
with electric power systems

4. ANSI Z21.83-1998
    

ANSI Product Standard - Provides detailed test
and examination criteria for fuel cell power
plants that make use of natural and
liquefied petroleum gases.

5. NFPA 853 NFPA Installation Standard - Applies to
installation of stationary fuel cell power 

http://www.iec.ch/
http://www.nfpa.org/Home/index.asp
http://www.ul.com/
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plants.  
6. NEC/NFPA 70 
    Article 690,691 & 
    705

NFPA 690 – Solar Photovoltaic Systems
691 – Fuel Cells
705 – Interconnected Power Production
Sources

7. IEEE SCC 36 IEEE Standards Coordinating Committee –
pertains to utility communications

8. UL 1741 UL Electric Inverters - Standard for testing,
listing and safety certification for Inverters

9. SAE Standards
    Forum

SAE Vehicle Standards - In the early stages of
developing standards for safety,
performance, reliability and recyclability.
Also establish testing procedures.

10. UL 2200 UL Stationary Generator Standards –
Standards for safety stationary engine
generator assemblies

11. IEEE Std. 519-
1992

IEEE Harmonic Control – Recommended
practices and requirements for harmonic
controls

12. IEC TC 105 IEC Technical Committee 105 – Seeking to
expand the scope of ANSI Z21.83 for
international basis and additional fuel cell
technologies.

Specific Codes and Standards (6)

ANSI Z21.83: American National Standard - Fuel Cell Power Plants provides a means of
testing and certifying the safety of stationary fuel cell power plants with a nominal
electric capacity not exceeding 1.0 MW.  This standard is intended for applications other
than residential when installed outdoors and operated on a gaseous hydrocarbon as the
reactant.  The current version of the standard is based on two specific fuel cell
technologies and is being revised to take into consideration the characteristics of
additional fuel cell power plant technologies.  This standard has been adopted by many
state and local regulatory authorities.  The revised version of the standard is expected to
be approved in 2001.

ASME PTC 50: ASME Performance Test Code 50 - Fuel Cell Power Systems provides
test procedures, methods and definitions for the performance characterization of fuel cell
power systems.  The code specifies the methods and procedures for conducting and
reporting fuel cell system ratings.  Specific methods of testing, instrumentation,
techniques, calculations and reporting are presented.  This standard is currently being
drafted and approval, and publishing is expected in 2002.

IEC TC 105: The International Electrotechnical Committee has established a Technical
Committee charged with the preparation of international standards regarding fuel cell
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technologies for all fuel cell applications including stationary power plants, transportation
propulsion systems, transportation auxiliary power units and portable power generation
systems.  The committee was established in 2000 and plans to have the standards
approved and published in 2004. 

IEEE SCC21/P1547: The Institute of Electrical and Electronic Engineers has established
a Standards Coordinating Committee (SCC 21) chartered with the development of a
standard for the interconnection of distributed resources.  This standard focuses on
electrical interface standards for the application of distributed generation technologies
described as fuel cells, photovoltaics, dispersed generation and energy storage.  The
resulting standard will be IEEE P1547 which will establish criteria and requirements for
the interconnection of distributed resources with electric power systems.  This standard is
currently under development and should be approved by IEEE and published in 2002.    

IEEE SCC 36: This committee reviews, recommends and solicits the development of
standards relevant to the gas, water, and electric utility industries on a worldwide basis
with respect to utility communication architecture. This SCC coordinates standards-
development activities with other relevant IEEE groups and sponsors standards-
development activities that are appropriate to the needs of the utility industry.

UL 1741: Underwriters Laboratory 1741 is a standard for the testing, listing and safety
certification for electric inverters.  This standard is for static inverters and charge
controllers used in photovoltaic power systems, but may be used for fuel cells.

NFPA 853: National Fire Protection Association 853 - Standard for Fuel Cell Power
Plants provides a standard for the design, construction and installation of stationary
packaged, self contained and field constructed fuel cell power plants with a capacity
greater than 50 kW.

NFPA 70: National Fire Protection Association 70 is also known as the National Electric
Code (NEC).  Revisions and addenda to the code are currently being developed that
specifically address fuel cells.  Article 690 - Solar Photovoltaic Systems has been
targeted for revision to include fuel cells and alternate energy sources systems.  Approval
for this proposal is not expected since the technological and operational differences
between fuel cells and photovoltaic systems are considerable.  A new article, currently
identified as Article 691, has been proposed and applies to fuel cells for buildings or
residential dwellings.  This standard addresses the electrical interface between the fuel
cell system and the electrical distribution panel of the building.  The fuel cell specific
standard is not likely to be identified as Article 691.  NFPA Article 705 - Interconnected
Electrical Power Production Sources is also being revised to address fuel cell power
sources.  

The installation of stationary fuel cells requires adherence to a variety of building codes.
Examples of major codes are summarized below.
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Uniform Building Code: The Uniform Building Code (UBC) is the most widely adopted
model building code in the world and is a proven document meeting the needs of
government units charged with enforcement of building regulation.  Published triennially,
the UBC provides complete regulations covering all major aspects of building design and
construction relating to fire and life safety and structural safety.  The requirements reflect
the latest technological advances in the building and fire and life-safety industry. 

Uniform Mechanical Code: This code provides a complete set of requirements for the
design, construction, installation and maintenance of heating, ventilating, cooling and
refrigeration systems, incinerators, and other heat-producing appliances. 
                                                                                                      
Uniform Plumbing Code: Published by the International Association of Plumbing and
Mechanical Officials (IAPMO), the Uniform Plumbing Code covers all aspects of
plumbing, including requirements for plumbing materials and IAPMO installation
standards. 
  
National Electric Code: The National Electrical Code (NFPA 70) provides "practical
safeguarding of persons and property from hazards arising from the use of electricity."
More specifically, the National Electric Code covers the installation of electric
conductors and equipment in public and private buildings or other structures (including
mobile homes, recreational vehicles, and floating buildings), industrial substations, and
other premises (such as yards, carnivals, and parking lots).  The National Electric Code
also covers installations of optical fiber cable.  Wiring, general electrical equipment, the
use of electricity in specific occupancies (from aircraft hangars to health care facilities),
and equipment (ranging from elevators to hot tubs) are covered, as well as special
conditions (emergency and stand-by power, or conditions requiring more than 600 volts,
for example) and communication systems. 

National Fire Code: The National Fire Code consists of approximately 300 codes and
standards as published by the National Fire Protection Association (NFPA).  These codes
address the practices that reduce the burden of fire on the quality of life by advocating
scientifically based consensus codes and standards, research and education for fire and
related safety issues.  The most widely applied codes are:

(1.) NFPA 70 – National Electric Code
(2.) NFPA 101 – Life Safety Code
(3.) NFPA 30 – Flammable and Combustible Liquids Code
(4.) NFPA 13 – Standard for the Installation and Maintenance of Automatic Fire

Sprinkler Systems 

2.5 Business Agreements
Business agreements associated with DG developers, other than normal performance and
price clauses, are often sources of barriers.  The barriers come from terms, costs, or
delays that are unnecessarily imposed for safety or reliability purposes.  The barriers are
related to the contractual and procedural requirements for interconnection, contract
length, complexity, terms and conditions, application fees, insurance requirements,
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attorney fees, identification of the authorized utility contact, consistency of requirements,
and utility operating requirements.   Contractual requirements for the interconnection
may include provisions to take over remote operations when system conditions demand.
This and similar provisions, which had been common under the natural monopoly
regulatory environment, were the principal subjects of negotiations, rather than one
including the needs of merchant plant operation and market response.  Another request
that may be included by utilities is the dispatch of the DG plant in a system emergency.
Utilities have also charged the DG developer with a transformer and interconnection fee
(in effect a minimum monthly bill) that erodes any economic benefit that may have been
derived from the project.   In California, for example, the requirements for
interconnecting small photovoltaic systems under the state's net metering law have now
become the standard for eliminating interconnection-related conflicts with their utility.

2.6 Non-Attainment Areas and DG Technologies
The Clean Air Act, which was last amended in 1990, requires the Environmental
Protection Agency (EPA) to set National Ambient Air Quality Standards (NAAQS) for
pollutants considered harmful to public health and the environment.  The Clean Air Act
established two types of national air quality standards.  Primary standards set limits to
protect public health, including the health of "sensitive" populations such as asthmatics,
children, and the elderly.  Secondary standards set limits to protect public welfare,
including protection against decreased visibility, damage to animals, crops, vegetation,
and buildings.  EPA uses six "criteria pollutants" as indicators of air quality, and has
established for each of them a maximum concentration above which adverse effects on
human health may occur. These threshold concentrations are shown in Table 2.5.  Units
of measure for the standards are parts per million (ppm) by volume, milligrams per cubic
meter of air (mg/m3), and micrograms per cubic meter of air (µg/m3).   When an area
does not meet the air quality standard for one of the criteria pollutants, it may be subject
to the formal rule-making process which designates it as non-attainment.  
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Table 2.5 National Ambient Air Quality Standards 
POLLUTANT STANDARD

VALUE *
STANDARD

TYPE
Carbon Monoxide (CO)

8-hour Average 9 ppm (10 mg/m3) Primary
1-hour Average 35 ppm (40 mg/m3) Primary

Nitrogen Dioxide (NO2)
Annual Arithmetic Mean 0.053 ppm (100 µg/m3) Primary & Secondary

Ozone (O3)
1-hour Average 0.12 ppm (235 µg/m3) Primary & Secondary

8-hour Average ** 0.08 ppm (157 µg/m3) Primary & Secondary

Lead (Pb)
Quarterly Average 1.5 µg/m3 Primary & Secondary

Particulate (PM 10) Particles with diameters of 10 micrometers or less
Annual Arithmetic Mean 50 µg/m3 Primary & Secondary

24-hour Average 150 µg/m3 Primary & Secondary

Particulate (PM 2.5) Particles with diameters of 2.5 micrometers or less
Annual Arithmetic Mean ** 15 µg/m3 Primary & Secondary

24-hour Average ** 65 µg/m3 Primary & Secondary

Sulfur Dioxide (SO2)
Annual Arithmetic Mean 0.03 ppm (80 µg/m3) Primary

24-hour Average 0.14 ppm (365 µg/m3) Primary
3-hour Average 0.50 ppm (1300 µg/m3) Secondary

* Parenthetical value is an approximately equivalent concentration. 
** The ozone 8-hour standard and the PM 2.5 standards are included for information
only. A 1999 federal court ruling blocked implementation of these standards, which EPA
proposed in 1997. EPA has asked the U.S. Supreme Court to reconsider that decision. The
Updated Air Quality Standards website has additional information. 

To view maps of U.S. non-attainment areas  for CO, O3, Pb, NO2, PM10, and SO2 click
here.

http://www.epa.gov/ttn/oarpg/naaqsfin/
http://www.epa.gov/air/data/mapview.html
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Emissions of criteria pollutants are significant when choosing an electrical generating
technology in a non-attainment area.  Regulations are determined on a state-by-state basis
to ensure that National Ambient Air Quality Standards (NAAQS) are met in each area
(State Implementation Plans or SIPs).  Most regulations provide developers with some
flexibility in technology choice in the implementation of the regulations (e.g., in trading
and offset programs).  In certain non-attainment areas, new installations have to use best
available control technology (BACT) or lowest achievable emission rates.  EPA
determines what technologies constitute BACT.  A number of DG technologies, e.g., fuel
cells, turbines and the renewables would each be considered as BACT.  Deregulation is
expected to increase the importance of onsite generation.  New installations in non-
attainment areas will require stricter environmental controls compared to those in other
areas of the country.     
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3.0  Implementation Requirements

3.1 Introduction/Background
Interfaces are the point of interaction between DG and the energy infrastructure (see
arthurdlittle website)(8).  Today, these interfaces are generally physical, but in some
instances include a market dimension as well.  The physical interfaces include the
interaction between a DG unit and the fuel and electrical infrastructure.  Some forms of
DG will involve a communications interface with a central entity that controls and/or
monitors the DG system.  Physical interfaces are mainly concerned with issues such as
equipment procurement, safety, protocols, system impacts, reliability, standards,
permitting and monitoring, and metering.  The market interface is determined by how the
DG unit or its owner interacts or competes with other suppliers in the marketplace.  The
market interface also includes concerns over dispatch, tariffs, pricing signals, response,
and business and operational decisions.  An overview of DG interfaces is shown in
Figure 3-1.  While there are issues surrounding all of the interfaces (see Figure 3-2), the
most important concerns in the short term are related to the electrical interface.  

3.2  Natural Gas and Fuel Infrastructure/Supply Requirements
There are two aspects of this topic, both of which need to be discussed before selecting a
site appropriate technology.  The first involves the proximity of the DG system to a fuel
supply, and the second involves any provisions that the DG system itself must have in
order to interface with the fuel supply.  

Reference (9) (click here) shows the location of natural gas pipelines in the United States.
Since virtually all natural gas in the United States is moved via pipeline, it is essential
that a natural gas based DG system is located in the vicinity of one of the pipelines or has
a dedicated source, such as coal bed methane or a wastewater treatment system digester.
In the case of liquid fuels, location of the DG system near a pipeline is not as critical,
since these fuels are more readily transportable.  Oil pipelines also transport a variety of
products, e.g., gasoline, kerosene, and crude oil.  As such, the pipeline operator would not
find it profitable or even feasible to transport the small quantities of fuel required for
delivery to isolated DG systems.  More likely, a local heating oil supplier would deliver
the fuel.  However, in the case of a dedicated fuel, such as biomass or slurries, it would
be necessary to ascertain whether or not an adequate supply of fuel is available.

For purposes of this document, the DG options considered and fuels that can be used are
as follows: (10)

• Diesel Engines – (Diesel, gasoline, propane, biofuels, bi-fuels)
• Natural Gas Engines – (Natural gas, biogas)

http://www.arthurdlittle.com/
http://www.whitehouse.gov/energy
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FIGURE 3.1: Distributed Generation Interface (8)

FIGURE 3.2: DG Interfaces (8)
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• Combustion Turbines – (Natural gas, distillate fuel oil, biofuels)
• Microturbines – (Fossil fuels-natural gas, propane, fuel oil, biofuels)
• Fuel Cells – (Hydrogen or hydrogen containing fuels such as diesel, gasoline,

propane, natural gas and biofuels)
• Wind Turbines – (None)
• Solar Photovoltaic – (None)

Information regarding equipment and equipment manufacturers is presented in
Table 3-1.(11)    A specific example relating to DG system fuel infrastructure requirements
is available through Capstone, a manufacturer of microturbines at
www.microturbine.com.  Capstone systems currently available for use include 30kW and
60kW generators, and the hardware to handle gaseous or liquid fuels is available as
optional equipment.  An optional compressor is available to increase the pressure of
gaseous fuels (primarily natural gas) to 100 psig.   A system is also available to handle
diesel #2 or kerosene.  In this case, the 30kW system consumes ~ 3.0 gal/hr. of diesel #2.
The customer, however, is required to provide a fuel storage tank(s).  Other vendors, their
products, and internet addresses are summarized in Table 3-1.

3.3  Fuel Purchase Contracts
Presently, the fuel infrastructure is not likely to experience much change.  The emergence
of smaller DG technologies, such as microturbines and fuel cells, would cause DG to be
installed further down into the natural gas distribution system at the small commercial
and even residential customer level.  It is possible that adoption of DG could cause a
reexamination of the available capacity and pressure of natural gas distribution systems.
We may also see the emergence of alternative fuel infrastructures, such as for hydrogen
or methanol, to accommodate fuel cell technology in DG.  However, this is not likely to
occur before the year 2005. 

3.4 Electric Purchase Issues and Contracts(8,11)

3.4.1 Overview

An interconnect agreement is a contract between a DG owner and the utility within
whose power system the DG will be interconnected.  Terms of the interconnection
agreement used for DG vary by utility, according to the characteristics of the DG
installation.  The typical interconnection agreement includes the responsibilities of both
parties to ensure that the interconnection equipment is installed and properly maintained.  

http://www.microturbine.com/
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Table 3-1
DG Equipment Suppliers (11)

EQUIPMENT
MANUFACTURER

KEY PRODUCTS URL PHONE No.

Avista Labs, Inc. Proton Exchange Membranes www.avistalabs.com 509-495-4817

Ballard Power Systems Proton Exchange Membranes www.ballard.com 604-454-0900

BCS Technology, Inc. Proton Exchange Membranes www2.txcyber.com/~bcstech 409-823-8475

Dais Analytic Proton Exchange Membranes www.daisanalytic.com 727-375-8484

EnAble Fuel Cell Corp. Proton Exchange Membranes www.dcht.com 661-775-8120

Energy Partners Proton Exchange Membranes www.teledyneenergysystems.com 561-688-9610

H Power Corporation Proton Exchange Membranes www.hpower.com 973-450-9850

Ida Tech Proton Exchange Membranes www.idatech.com 541-383-3390

Mosaic Energy Proton Exchange Membranes www.mosaicenergy.com 847-768-0730

Nuvera Fuel Cells Proton Exchange Membranes www.nuvera.com 617-498-5398

Plug Power Proton Exchange Membranes www.plugpower.com 518-782-7700

Proton Energy System, Inc. Proton Exchange Membranes www.protonenergy.com 860-571-6533

Cerametec Solid Oxide Fuel Cells www.ceramatec.com 801-972-1925

Ceramic Fuel Cells, Ltd. Solid Oxide Fuel Cells www.cfcl.com.au 61 3 9554 2300

Fuel Cell Technologies, Corp. Solid Oxide Fuel Cells www.fuelcelltechnologies.ca 613-544-8222

Siemens Westinghouse Solid Oxide Fuel Cells www.pg.siemens.com 407-281-2000

Global Thermoelectric Solid Oxide Fuel Cells www.globaltc.com 403-236-5564

Sulzer Hexis, Ltd. Solid Oxide Fuel Cells www.hexis.ch
41-52-262-
6333

Anuvu, Inc. Advanced Fuel Cell Tech www.anuvu.com 916-638-1831

FuelCell Energy, Inc. Advanced Fuel Cell Tech www.fce.com 203-825-6000

MTU Motorem-und-Turbinen-
Union

Diesel Engines and Molten
Carbonate Fuel Cells www.mtu-friedrichshafen.com 49-7541-90-0

Astris Energy Alkaline Fuel Cell Generator www.astrisfuelcell.com 905-608-2000

ZeTek Power Plc Alkaline Fuel Cell Generator
www.eco-web.com/cgi-
local/sfc?a=index/index.html&b=regi
ster/01100.html

44(0) 20 7377
5999

ElectroChem, Inc.
Phosphoric Acid Fuel Cells and
Proton Exchange Membranes

www.fuelcell.com 781-938-5300

http://www.avistalabs.com/
http://www.ballard.com/
http://www2.txcyber.com/~bcstech
http://www.daisanalytic.com/
http://www.dcht.com/
http://www.teledyneenergysystems.com/
http://www.hpower.com/
http://www.idatech.com/
http://www.mosaicenergy.com/
http://www.nuvera.com/
http://www.plugpower.com/
http://www.protonenergy.com/
http://www.ceramatec.com/
http://www.cfcl.com.au/
http://www.fuelcelltechnologies.ca/
http://www.pg.siemens.com/
http://www.globaltc.com/
http://www.hexis.ch/
http://www.anuvu.com/
http://www.fce.com/
http://www.mtu-friedrichshafen.com/
http://www.astrisfuelcell.com/
http://www.eco-web.com/cgi-local/sfc?a=index/index.html&b=register/01100.html
www.fuelcell.com
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Table 3-1 (con’t)
EQUIPMENT

MANUFACTURER
KEY PRODUCTS URL PHONE No.

International Fuel Cells, Corp. Phosphoric Acid Fuel Cells www.internationalfuelcells.com 860-727-2200

Energy Ventures, Inc. Direct Methanol Fuel Cells www.energyvi.com 416-733-2736

Metallic Power, Inc. Zinc-Air Fuel Cells www.metallicpower.com 760-804-7604

Bowman Power Systems Microturbines www.bowmanpower.com
+44(0) 23 8023
6700

CapstoneTurbines Microturbines www.capstoneturbine.com/ 818-716-2929

Ingersol-Rand Energy Systems Microturbines www.ingersoll-rand.com 800-847-4041

Teledyne Energy Systems Rotary generator www.tbe.com 256-726-1000

Turbec AB Microturbines www.turbec.com
+46-40 30 79
70

Turbo Genset, Inc. Microturbines www.turbogenset.com
+44 (0) 20
8570 2946

Elliot Energy Systems Microturbines www.elliott-turbo.com 561-219-9449

Bergey Windpower, Co. Wind turbines www.bergey.com 888-669-6178

Marlec Engineering Co.
Photovoltaic, wind and water
turbines, batteries and inverters

www.marlec.co.uk
+44 (0) 1536
201-588

Northern Power Systems Wind turbines www.northernpower.com 802-496-2955

Synergy Power Corporation
Specialize in Renewables with
emphasis on wind turbines

www.synergypowercorp.com 852-2846-3168

World Power Technologies, Inc Wind-solar PV  hybrid systems www.bogfrog.com/worldpower.htm 218-722-1492

Wind Turbine Industries Wind turbines www.windturbine.net 952-447-6064

Applied Power Corporation
Photovoltaic and balance of
system components

www.us.schott.com 360-438-2110

AstroPower Inc. Photovoltaic systems www.astropower.com 302-366-0400

BP Solar Solar Cells for  DG use www.bpsolarex.com 410-981-0253

Global Solar Energy Photovoltaic systems www.globalsolar.com 303-420-1141

Kaneka Solar-Tech Photovoltaic systems www.kaneka.co.jp/kaneka-e
+8166 226
5071

Kyocera Solar, Inc. Photovoltaic systems www.kyocerasolar.com 800-223-9086

Matrix Solar Technologies, Inc. Photovoltaic systems www.matrixsolar.com/index.html 505-833-0100

Photowatt International Photovoltaic systems www.photowatt.com
33 (0) 4 74 93
80 20

Siemens Solar Group Photovoltaic systems www.siemenssolar.com 805-482-6800

http://www.energyvi.com/
http://www.metallicpower.com/
http://www.bowmanpower.com/
http://www.capstoneturbine.com/
http://www.ingersoll-rand.com/
http://www.tbe.com/
http://www.turbec.com/
http://www.turbogenset.com/
http://www.elliott-turbo.com/
http://www.bergey.com/
http://www.marlec.co.uk/
http://www.northernpower.com/
http://www.synergypowercorp.com/
http://www.bogfrog.com/worldpower.htm
http://www.windturbine.net/
http://www.appliedpower.com/
http://www.astropower.com/
http://www.bpsolarex.com/
http://www.globalsolar.com/
http://www.kaneka.co.jp/kaneka-e
http://www.kyocerasolar.com/
http://www.matrixsolar.com/index.html
http://www.photowatt.com/
http://www.siemenssolar.com/
www.internationalfuelcells.com
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Table 3-1 (con’t)

EQUIPMENT
MANUFACTURER

KEY PRODUCTS URL PHONE No.

Spire Corporation
Photvoltaic manufacturing
equipment

www.spirecorp.com 800-510-4815

Sun Wize Technologies, Inc. Photovoltaic systems www.sunwize.com 800-817-6527

United Solar Systems Photovoltaic systems www.ovonic.com/unisolar/ 248-362-4170

PowerLight Corp. Photovoltaic systems www.powerlight.com 510-540-0550

Westport Innovations, Inc Reciprocating Engines www.westport.com 604-718-2000

Coast Intelligen Reciprocating Engines www.coastintelligen.com 800-413-6374

Solar Turbines, Inc. Gas turbines esolar.cat.com/ 619-544-5000

Tecogen
Natural gas engine driven
products

www.tecogen.com 781-622-1400

Sigma Elektroteknisk AS Sterling Engine technology www.sigma-el.com
+47 64 98 24
00

Sunpower,Inc. Sterling Engine technology www.sunpower.com 740-594-2221

http://www.ovonic.com/unisolar/
http://www.powerlight.com/
http://www.westport.com/
http://www.coastintelligen.com/
http://esolar.cat.com/
http://www.tecogen.com/
http://www.sigma-el.com/
http://www.sunpower.com/
www.sunwize.com
www.spirecorp.com
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The agreement typically grants the utility access by the utility to the customer’s facility
for routine inspections.  The contract between the utility and the DG owner operator also
specifies liability and the amount of insurance coverage that must be carried.  An
interconnection agreement can also specify the metering for the DG facility.  Typically,
the metering configuration can involve two separate meters (power in, power out) or one
net (bi-directional) meter.  In states that require net metering, a single meter measures the
difference between the electricity consumed by the customer and the amount of energy
exported to the grid.  Hence, the meter will record the net energy received by the facility
or, if the facility generated more energy than it consumed, the energy delivered to the
grid.  Depending on the state, the utility may be required to pay the customer the avoided
cost or the retail price for the excess electricity delivered to the grid.  Regardless of the
metering configuration, the DG owner is responsible for providing approved metering
equipment and for providing the utility access to meters at all times.  Power sales and
power purchases are managed under two separate agreements.  Case studies (11) indicate
that between one and two cents/kWh was paid by utilities for excess power generated by
DG systems.

The central issue for DG interconnection agreements is the complexity and the
appropriateness of particular standard requirements.  A contract between a DG owner and
a utility is similar to a contract between a central power facility and a utility in many
respects.  Many of these contracts are lengthy and complicated.  While developers
concede that such contracts are suitable for a 200MW facility, there are many
requirements included in standard contracts that are not appropriate for a 200kW facility.
For a large central power plant, the liability and insurance on a per kW basis is typically
fairly low.  DG owners may need to carry the same amount of coverage, making per kW
costs significantly higher.

3.4.2   DG Contracts – Basic Elements  (12)

The reasons for initiating a DG project may vary.  Initially, it is imperative when drafting
an electric supply contract to clearly define the terms of the DG arrangement.  Most
distributed generation projects involve either the supply and sale of electrical capacity or
energy, or replacement of the electrical capacity/energy requirements under an existing
power supply contract.  However, alternative energy use arrangements may also be
involved in structuring the transaction.

The first steps, therefore, should be determining whether the DG project involves only
siting and operation of a local generating unit.  It is also necessary to know if DG will be
combined with efficiency and load management practices such as distributed efficiency
(DE) and peak load management (PLM).  PLM technologies include energy efficiency
measures, battery storage systems, direct load control, and energy management systems.
DE strategies include time-of-use rates and interruptible rates, market-based interruptible
rates, superconducting magnetic storage, load-shedding cooperatives, and net metering
for small DG projects, to name just a few.  Particularly in deregulated markets, state
utility commissions have reviewed DG and PLM strategies.  The Pennsylvania Public
Utility Commission, for example, has developed a web page that lists both its ideas for
DE and PLM programs and DE/PLM programs that electric distribution companies have
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created in response to these suggestions.  See
www.Puc.paonline.com/whatshot/DSR_page.htm.   The Pennsylvania PUC lists eleven
separate programs such as the Customer Challenge, Electric Conservation Credit, etc.,
and additional general ideas for implementation of DE/PLM.  If applicable in the relevant
jurisdiction, these programmatic DE/PLM elements should be considered and rolled into
any distributed generation agreement.

In any case, the following items should be routinely considered in each DG project and in
drafting related electricity supply contracts: (12)

Size.  What is the potential and likely capacity and energy output of the DG project?
How big is the DG generator-kilowatt range or megawatt range?  There are two dominant
markets for DG: a) kilowatt range DG generators mainly for homeowners and small
commercial, light industrial and utility applications, and b) megawatt range generators
that are usually found in the wholesale power markets.

Use of Power.  The intended markets, if any, for the power generated by the DG project
should be determined, and may fall into one of the following categories:
• Off-grid self use  
• On-grid/off-grid sale to a third party
• Sale generally into the grid
• Self use plus partial sale into the grid.

Demand Profile: The demand profile for the load that the DG project intends to serve
should be established.  A demand profile is closely linked to the “Use of Power”
consideration and not a legal requirement per se but handy knowledge in drafting your
DG contract.  Although it is a legal requirement, it is useful knowledge to possess when
drafting a DG contract.

Ownership: It is necessary to establish whether the DG unit be owned by a party to the
contract, leased from a third party, or involve some combination thereof.  Should the
utility to which you are connected own the DG project?  Unless otherwise contractually
agreed, ownership of the DG project may affect dispatch control of the resource, for
example.

On Grid/Off Grid Operation: The potential user must determine if the DG project will
be connected to the transmission or distribution system and operated parallel thereto.  If
so, then a series of issues related to interconnection and operation arise.

Dispatchability: If on-grid use is anticipated, it must be decided whether the utility or
customer will control (dispatch) the power.  The unit may be dually dispatchable.  The
dispatch signal, which may be market price, system requirements or intermittent needs to
be determined.

Location: It must be decided where the DG equipment will be physically located.  This
relates to transmission/distribution system interconnection and safety issues.

http://www.puc.paonline.com/whatshot/DSR_page.htm
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Renewable or Nonrenewable Fuel Source: It is necessary to identify the fuel source.
When consumed, liquid or natural gas fuels will create emissions.  Consequently, air
permitting issues will need consideration.  For alternative energy sources, such as wind or
solar, these fuels by definition lack capacity and only create energy intermittently.  It may
be that such a unit needs to be backed up by additional capacity, perhaps as required
under a transmission tariff.  Also, dispatchability of alternative energy DG projects,
lacking any additional backup capacity will likely be intermittent, too.

Power Applications: The DG project application must be classified as one of the
following: standby power, peak shaving, grid support, co-generation, stand-alone
generation, reliability/power quality requirements, or green power.  The purpose(s) to
which you intend to employ the power generated by your DG project affects drafting of
the other substantive provisions of the contract.

Standby Power: Standby power DG is important to parties that would experience high
reliability-related or financial losses during power outages.  These include hospitals,
telecommunications firms, financial services, and manufacturers.  These DG generators
operate infrequently and usually function as stand alone, not parallel, generators.  Many
utilities will pay companies with standby generators to bring them into service and go
“off grid” during peak demand times for peak shaving.  This is one way to work with
“full requirements” electrical service contracts, too.  Such an approach may avoid
interconnection issues, as well.

Peak Shaving: DG may also be considered for peak shaving where time-of-use rates are
in effect, or for parties with highly variable demand profiles.  Self generation may be
more cost-effective than purchasing power at on-peak rates.  Similarly, load management
systems should also be considered a type of DG in this instance, i.e., use of interruptible
rates.  The parties must, of course, weigh the value of reduced demand charges versus the
potential power outages one will experience under an interruptible rate.

Grid Support: DG projects can also enhance the reliability, power quality, and
efficiency of a distribution grid.  Your DG project can help avoid or defer costs of
upgrades to distribution systems.  That fact should be recognized and written into your
DG contract.

Co-generation: Another opportunity is to combine a DG project with a co-generation
facility, a move that may reduce net emissions and costs. 

Stand-Alone Generation: In remote areas access to the grid may be costly.  Here, stand-
alone DG projects may be of worth and interconnection issues are avoided.  The larger
legal issues revolve around bringing fuel to the site.  If this is not feasible, then perhaps a
renewable energy system with battery backup systems will be the DG project of choice.
Potential investment tax credits and local green power credits should not be overlooked
when drafting a DG agreement.
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Green Power: A key legal issue here is to review the terms of any applicable green-
marketing program or renewable portfolio standards for utilities.  These programs may
offer special renewable energy pricing programs for the purchase of green power, and
such terms should be included in the DG contract.

System Stability Issues: Bulk power system reliability has degraded in many parts of the
country in the past few years.  When properly designed and installed, a DG project may
offer an additional boom to the distribution/transmission provider.  It may offer reactive
power and voltage support to the transmission system.  “Reactive supply and voltage
control from generation sources service” of VAr support is an ancillary service offered
under most transmission tariffs.  VAr support can help a transmission provider improve
poor power factors on its system and help avoid installation of capacitor banks, for
example.  This should be considered when negotiating with transmission providers or
when seeking interconnection of a DG project.

3.5  Safety Assessment Requirements (10)

Interconnection issues (see www.appanet.org) relate to generator sets and turbines as well
as direct current generating technologies.  There remain important issues yet to be fully
resolved.  Connecting DG to the distribution grid and operating it in tandem or in parallel
with the utility has posed safety concerns.  These concerns have been met from the
perspective of the DG industry.  However, they still must be understood and properly
managed by the distribution utility and the DG owner.

There are two dominant safety concerns with regard to the interconnection of DG.  First,
there is the potential that a DG system will energize a portion of the distribution grid
when the remainder of the grid is down.  This condition is referred to as “islanding.”
Islanding, if it were to occur, would present a risk to utility line workers who may be
unaware of the island.  If a line is handled without using existing, well-established
operational practices, injury or death could result to the worker.  The second concern is
that the DG system will cause power irregularities in the nearby distribution grid.

Both of these concerns have been technically resolved through the development and use
of non-islanding inverters.  These are able to identify power irregularities and disruptions
and automatically shut off the DG system in less than a second, and then resume
connection after the grid has stabilized for five minutes.  These inverters also insure a
quality of power that meets utility standards and often surpasses that found in the
distribution grid.  Both United Laboratories (UL) and the IEEE have issued standards for
non-islanding inverters.  

http://www.appanet.org/
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To insure line worker safety and power quality, distribution utilities should:

• Require that all DG systems be installed with the oversight of the distribution
utility;

• Require UL-listed inverters for parallel-operating DG systems;
• Inspect newly installed systems to ensure that they meet electric codes and all

interconnection requirements; and
• Require that the utility have the right to inspect existing systems to ensure that

they continue to operate in a safe manner.

Some utilities have taken additional measures to assuage their concerns regarding DG
systems.  They may:

• Require that an external disconnect switch is available to the utility to turn off
the DG system during distribution system maintenance and repair activities.

• Undertake detailed engineering reviews of proposed systems.
• Require that the owner of the DG system carry liability insurance.

These additional requirements are seen by some, particularly by the owners and
promoters of small DG systems, e.g., residential solar photovoltaic systems, as
superfluous and as unnecessary barriers.  Owners of larger DG systems may not consider
these items as such, as they represent less of the total cost of the project.

Another safety-related concern includes the potential for DG system-caused fires and
explosions.  These can typically be managed by ensuring that systems are properly
installed and maintained.  Accidents will typically effect the DG system owner and their
site rather than the utility.

3.6    Electric Utility Interface Issues and Requirements (8,11)

3.6.1 Introduction
Grid interconnection is the most complex issue involving DG.  More specifically is the
concern whether standards can be developed allowing for a cost-effective interconnection
solution that will not jeopardize the safety and reliability of the electric power system.
Examples of safety and reliability concerns include islanding and slower service
restoration for those without DG.  

The typical cost of grid interconnection ranges from $50/kW to $200/kW depending on
size, application and utility requirements.  Higher costs are common for smaller units, or
where complex technical requirements are encountered.  The complexity of the interface
increases with the level of interaction required between the DG unit/owner and the
electrical grid/distribution company as shown in Figure 3-3.  Figure 3-4 shows DG
applications and the range of interface configurations that can be used.  Some of the DG
units installed today for peaking and baseload applications are interconnected to the grid.
Power quality and combined heat and power applications are also sometimes
interconnected to the grid.  In addition, there are a number of promising DG applications
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that can benefit from grid interconnection.  For example, DG can defer T&D installation,
relieve transmission congestion, and provide black start capability.

There are three key issues, which must be dealt with regarding electric interface issues
and requirements.  These are the technical, process, and contractual aspects.  The
remainder of this topic will present the technical and process considerations.  A
discussion of Electric Purchase Issues is the subject reviewed in 3.3 above.

3.6.2  Technical Aspects (8)

A typical interconnection system includes three kinds of equipment:

• Control equipment for regulating the output of the DG.
• A switch and circuit breaker (including a “visible open”) to isolate the DG unit.
• Protective relaying mechanisms to monitor system conditions.
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FIGURE 3.3: Electrical Interface Complexity With Respect to Interface
Configuration (8)
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Figure 3-5 shows a typical parallel interconnection configuration between DG, the loads
it serves, and the electric power system.

The protective functions typically used for DG require measurement of voltage and
current.  Voltage measurements can be used for fault detection, and identification of
abnormal system conditions, such as a de-energized electric line.  Current measurement is
used to detect overloads and fault conditions within the generator and within the utility
system.

Utilities develop interconnection technical requirements to maintain grid performance
and minimize any negative operational impacts of DG.  In addition, a properly designed
interconnection is critical, as mentioned previously, to ensuring safety of line workers.
During maintenance or an outage, a proper interconnection solution will prevent a DG
unit from energizing a section of the distribution system where work may be underway.

Interconnection requirements are not currently standardized, as there is no nationally
recognized standard for interconnection.  This is in part because of the difficulty in
standardizing protective equipment, since the type of equipment needed to ensure safe
interconnection depends on may factors, including:

• Generator type
• Size of generator
• System voltage
• Location in the distribution system
• Radial versus networked distribution system

Some DG developers consider existing technical requirements to be unreasonable, and
believe that they discourage customers from pursuing DG.  The technical requirements
for each interconnection vary from one utility to the next and also from one project to the
next.  Not all utilities have established well-defined technical requirements for
interconnection.  Those that do have such requirements in place usually state the
minimum requirements necessary, which are then subject to change with each
interconnection.  

Many of the technical requirements were developed to interconnect large (>50MW)
qualifying facilities.  Few of these existing requirements were established to account for
small generation technologies such as DG and the specific needs related to dispatch,
metering, and power quality.  Protection equipment is sometimes specified to prohibit
relaying equipment from being contained within a single device.  This reduces the
probability of total system failure as a result of the failure of a single component.  This
redundancy is a feature that many DG owner/operators object to because it can increase
project cost and design complexity.

As DG technologies have evolved, many suppliers have developed alternative solutions
to traditional interconnection designs.  Suppliers are moving toward integrating these
solutions into their DG packages to lower the overall cost of the system.  In order to 
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FIGURE 3.5: One-line Diagram of a Typical Parallel Interconnection (8)

ensure safety and reliability, utilities must test each alternative solution before it can be
integrated with a utility distribution system.  Consequently, some of the newer integrated
solutions are not readily embraced by utilities. 

The central issue in the technical area is whether standards can be developed that will
allow for a cost-effective interconnection solution without jeopardizing the safety and
reliability of the electric power system.  In addition, new technical requirements must be
developed to address the emerging needs of DG for dispatch, metering, communication,
and control standards.

3.6.3  Process (8)

While many utilities have (or are developing) standard processes for design, approval,
and inspection of the interconnection equipment, many more do not have a standard
process, or one that is transparent to the customer.  Similar to the situation described
regarding the technical requirements of DG interconnection, many of the processes that
do exist today were developed for large qualifying facilities rather than DG.  These
processes have many requirements that may not be necessary for smaller facilities that do
not plan to export power.

Whether or not a process is in place, most utilities utilize a similar set of steps or
milestones, each of which must be passed in order to interconnect the DG unit with the
electric power system:

• Initial contact with the utility
• Exchange of general project information between the customer and the utility
• Engineering analysis by the utility
• Customer acceptance of interconnection design
• Engineering/project review meetings between the utility and the customer
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• Project engineering and construction
• Final utility inspection of interconnection and protective equipment

There is generally no shortcut and customers must follow these steps regardless of the
size of their DG facility.  The utility will perform an engineering analysis to determine
the impact that the installation will have on worker safety, system protection, and system
operation.  Some utilities charge interconnection applicants a fee for this analysis that
often varies according to the complexity of the interconnection.  The utility may require
prepayment and charges must typically be paid even if the applicant abandons the project.
From the utility’s perspective, the effort expended to analyze a design proposal is an
expense that must be recovered regardless of project outcome.  Utilities do not always
grant customers and DG developers access to these studies.  There are generally no time
limits associated with specific stages or milestones.

In some cases it is necessary to change or upgrade the utility distribution system to
support a new DG plant that is interconnected to the electrical grid.  Alterations to the
grid system may involve line extension and other modifications to facilitate power flow
in the opposite direction of the normal power flow to ensure grid reliability.  The DG
developer must fund any modifications of this nature.

Obtaining interconnection approval is a dynamic process that depends on the details of a
specific project, and often requires numerous meetings with several different divisions
within a utility company.  A minor adjustment or change in the engineering plans may
necessitate further analysis of the interconnection plan by the utility.  Likewise, a utility
may discover that additional equipment or a different configuration of system protection
is required in order to guarantee safety and reliability.  This may occur after the utility
has already approved a DG system design.  In situations in which grid reliability is at
stake, any necessary changes must be carried through.

Many prospective DG customers find this process to be onerous and time-consuming.
Without defined limits, (e.g., a utility must respond to an application for interconnection
within 10 working days), the schedule may be delayed, thereby making it difficult for the
applicant to plan other aspects of the project.  If the applicant experiences lengthy delays
while moving through the process, there is generally no recourse and the negative
outcome should not be underestimated.  Lengthy delays in gaining interconnection
approvals can cause project costs to increase dramatically and may render a project
uneconomic.  Furthermore, because interconnection equipment is often purchased prior to
full knowledge of specific requirements, developers often find they must redesign
portions of their system and purchase more equipment, both of which are costly and
further delay the project.  It can require anywhere from months to years to obtain
permission to operate in parallel with an electric grid system.

If an applicant is dissatisfied with the utility’s evaluation of the interconnection, there is
no guarantee of recourse or simple process to settle disputes.  A developer can either
comply (if this is possible) or choose not to complete the project.  Certain states and
utilities that have adopted qualifying facility (QF) interconnection processes for DG
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stipulate that the applicant can turn to the state public utilities commission for mediation.
However, the use of QF interconnection rules for DG interconnection is not necessarily
adequate due to differences between DG and larger power generation installations.  For a
small DG facility, this particular recourse can be prohibitively costly and time-
consuming.

3.7  Local, State, and Federal Regulations (13)

The primary issues in this area include interconnection standards, siting, certification and
permitting, access, metering and dispatch, and DISCO ownership of DG.  These topics
are discussed below in subsection 3.7.2 to 3.7.4.  Subsection 3.7.5 contains links to state
sites, providing detailed information, with respect to their registration and licensing
process.  Finally, Subsection 3.7.6 contains links for information regarding other
common issues and questions about DG.

3.7.1  Interconnection Standards
The establishment of interconnection standards is imperative for technology design and
mass production of DG units to proceed cost effectively.  Customer issues include a)
what technical interconnection standards should be adopted, b) whether to allow pre-
certification of DG equipment using product type tests, c) whether engineering analysis
of T&D system reliability and safety is necessary for each and every DG project, d) the
charges to set for interconnection and use of the T&D system, and e) application and
enforcement of the guideline requirements.

Current interconnection application forms and processes are lengthy.  The result is that it
is relatively expensive for a small power producer to apply for connection to the grid in
both dollar and time delay costs.  Currently, project certifications and predetermined tests
are not acceptable under most PUC rules.  If they were, a particular DG generation unit
could be permitted and inspected assuming uniform technical characteristics for the
generator instead of requiring case by case site specific installation review for each unit.
The cost of site reviewing each DG installation may make a DG option noncompetitive.

To enable emergency or peak shaving use of backup generators, both simplified
interconnection regulations and changes in federal regulation are required.  This would
prevent backup generators from being connected to the grid due to safety and system
reliability concerns.  Old rules, based on the limits of 1940’s technology, prevent
emergency generators from being directly connected to the electric grid.  They can
operate only by interrupting power to the entire facility, then restarting and supplying
power to priority loads.  New rules, reflecting modern realities and technology would
allow emergency generators to routinely carry part of the electric load, thus easing
pressure on overworked cables and transformers.  It may be necessary for FERC to set
such new emergency power interconnection rules.

There are related unresolved technical issues that go beyond interconnection standards.
For example, after completing interconnection, dispatch of distributed generation requires
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both a control system on the generator and a communication system that can initiate DG
start up in real-time.  The control may be under the auspices of either the customer, 
Retailco (a person or entity that offers to sell electricity service to more than one retail
electricity customer), distribution company (DISCO), or the independent system operator
(ISO), depending on contractual arrangements.

Interconnected DG units pose T&D system integrity and reliability issues for the DISCO.
Safety is also an issue when DG is capable of back feeding into the T&D system during a
power outage.  For these reasons, PUCs are considering whether each DG unit must
continue to be approved by the DISCO on a case by case basis.  No consensus has been
reached in these deliberations.  If DISCO approval is required, DG interconnection costs
will be relatively high compared with connecting a central power station.

3.7.2  Siting, Certification and Permitting
Regulated variables present when siting a power plant of any size include air quality, fuel
supply, noise, and safety.  These same issues affect each DG installation.  However,
government policies that specifically deal with DG as a choice for meeting energy needs
are limited in most states.  Communities have not made DG an integral part of their long-
range energy infrastructure plans.  A lack of DG technical performance data and no pre-
certification process for equipment slows regulatory reviews.  Together, these factors
create an uncertain climate for DG when it is proposed as a development.

Two major siting, certification, and permitting concerns that have been raised are a) how
to deal with the requirements of multiple local jurisdictions and different permitting
agencies, and b) what might be the aggregate effects of locating multiple units in a
common geographical area.

Many DG technologies have substantially lower environmental impacts than the
generation infrastructure they will offset or replace.  Several Public Utilities
Commissions (PUCs) are interested in the environmental characteristics of DG
technologies and have adopted policies that support the use of environmentally preferred
DG, such as renewables or fuel cells, by allowing net metering for these technologies.

The success of DG projects can hinge upon overcoming the challenges presented by
siting, environmental compliance, and permitting.  In short, environmental regulations
and permitting can be a barrier to DG; adding costs that can burden the economics, and
even prevent projects from going forward.  Where DG is being installed, it is being
confronted by the following conditions:

• For most areas of the country, gas turbines with low-NOx combustion technologies,
emitting about 25ppm of NOx, can be installed without costly post combustion
controls.  Some states are instituting single digit NOx limits for projects of several
megawatts or more and are requiring turbines to add either expensive Selected
Catalytic Reduction (SCR) or Selective Catalytic Oxidation (SCO) NOx controls.
Few DG projects can proceed with these restrictions.
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• Some DG applications may be exempt from environmental regulation.  These include
standby/emergency applications, as well as those under certain sizes.  The sizes
depend on the type of technology and the region of the country.  The few
microturbines that have been installed have not been subject to regulations, due to
NOx levels and small size.  Both natural gas and diesel engines are exempt from
regulations for standby or emergency applications, as well as infrequent peaking use,
provided they are operated less than 80 or 120 hours per year, depending on the air
district.

• Environmental agencies in attainment areas have not yet promulgated specific rules
that pertain to large-scale use of DG.  However, in the event that numerous pollution-
emitting devices are located in the same area, they are prepared to enact new
regulations on diesel engines or microturbines.

3.7.3  Access, Metering, and Dispatch
Access, metering, and dispatch issues determine whether to allow DG access to the grid,
and if so, how to meter and pay for access.  Guaranteed access is not spelled out in all
states.  And costs are a point of contention.  DG installers contend that they pay too
much, while DISCOs maintain that their costs are not being covered.  To date, there has
only been discussion on these issues, but a report produced for the National Association
of Regulatory Utility Commissioners (NARUC) released in April 1999 provides some
options for state regulators to consider.

A more level playing field is established when the benefiting party pays incurred costs.
As DG customers use the T&D system in new ways, e.g., being connected to the grid for
either supplemental or backup power, new methods of assessing cost responsibility are
needed to arise to accommodate this new environment.  DISCOs charge to cover a) T&D
system costs, b) system reliability, and c) engineering DG siting studies.  Typical fees
being considered to cover these costs include:

• Standby demand charges that cover backup service for unscheduled outages,
maintenance service for scheduled outages, and supplemental services where DG
output does not meet the DG customer’s needs,

• Exit or disconnect fees to cover the cost not using the grid system continuously, but
relying on it for backup purposes only, and

• Stranded costs and competition transition charges (CTC) that cover nuclear
decommissioning and public purpose charges owed by grid customers.

If standby charges are set too high, users may respond by installing multiple, smaller
generation units to provide their own redundancy and peaking, and thereby avoid standby
charges entirely.  This could lead to inefficient levels of investment in both T&D and
DG.

Buy-back charges are also being negotiated that determine how much a DISCO will pay
for excess DG generation, under a buy/sell metering arrangement.  If the DISCO can
benefit from dispatch of the DG generation during peak periods this may influence how
high buy-back rates are set.
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There are trade-offs in the cost setting debate between overall system integrity/reliability
and the ability of DG manufacturers to compete.  Built in to this are considerations of
whether a PUC wants to subsidize DG consumers at the cost of non-DG consumers,
perhaps as a matter of social or environmental policy.

There is also debate as to whether power generated with DG equipment should be subject
to competition transition charges (CTC) or stranded costs.  Proponents argue that DG is
new generation and has no relationship to previous power production, so it should be
exempted.  Opponents argue that all generation should pay stranded costs so that
everyone pays equally for previously generated costs and use of the T&D system.

3.7.4  DISCO DG Ownership
DISCO DG ownership is a controversial issue.  If regulated distribution companies are
allowed to own or operate DG equipment, they are, in fact, returning to the generation
business.  In many states, generation has recently been deregulated.  It is paradoxical that
a regulated company would again generate power, even if at the behest of the ISO or for
ancillary distribution services.  DG ownership remains an issue that continues to be
debated in deregulated states; however, no regulations or draft rules on the topic exist in
any deregulated state.

Without regulations allowing DISCO ownership, DISCOs are creating joint ventures and
working with DG manufacturers to proceed with DG development, as opposed to
customer programs.  By doing so, DISCOs are hedging their bets, if regulations are
issued that permit ownership so they can compete more fully in the DG arena.  Many
DISCOs are also planning to use DG for ancillary services, provided explicit prohibition
is not promulgated.

3.7.5  Licensing Needs
Energy providers seeking to retail electricity, whether DG or the grid, must be licensed to
do so.  The license process varies by state.  Links to state sites providing details are
presented in Table 3-2. (13)
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TABLE 3-2  State Licensing Requirements for Retail Power Marketers (13)

STATE SPECIFIED 
NAME

LICENSE REQUIREMENTS
APPLY TO:

APPLICATION
POSTED ON:

ELIGIBLE
FUEL

TYPES
AZ Electric Service Providers Any company supplying, marketing or

brokering at retail any competitive
electric services pursuant to a certificate
of convenience and necessity.

www.util.cc.state.az.us/ut
ility/electric/electapp.pdf

Renewable & co-
generation

AR Electric Service Providers All energy service providers who sell,
broker, market, or aggregate electricity
to or for the public for consumption in
Arkansas

www.accessarkansas.org

CA Electric Service Providers Any company that sells electricity to
residential and small commercial
customers (maximum peak demand less
than 20 kW)

www.cpuc.ca.gov Solar and wind

CT Electric Suppliers Any person, including an electric
aggregator or participating municipal
electric utility that provides electric
generation services to end-use customers
in Connecticut using the transmission of
distribution facilities of an electric
distribution company, regardless of
whether or not such person takes title to
such generation services, but does not
include: (1) a municipal electric
company, (2) a municipal electric energy
cooperative, (3) an electric cooperative,
(4) any other electric utility owned,
leased, maintained, operated, managed
or controlled by any unit of local
government or (5) an electric
distribution company in its provision of
standard offer.

www.dpuc.state.ct.us/elec
tric.nsf

Solar, wind,
hydro, fuel cell,
sustainable
biomass

DE Electric Suppliers An entity or person including municipal
corporations which choose to provide
electricity outside their municipal limits,
or a broker, marketer or other entity
(including public utilities and their
affiliates), that sells electricity to retail
electric customers, utilizing the
transmission and distribution facilities of
an electric distribution company.

www.state.de.us/delpsc/o
rders/5166reg.txt

Renewables

IL Alternative Retail Electric
Supplier

Any person, corporation, generator,
broker, marketer, aggregator or other
entity, (excluding an electric utility), that
sells electricity to customers

www.icc.state.il.us/icc/ec
/apform.asp

Solar & wind

MA Competitive Suppliers A retail seller of electricity whose price
to a consumer is not regulated and which
is not a municipal light department or a
distribution company.

www.magnet.state.ma.us/
dpu/restruct/96-
100/appform.pdf

Renewable & co-
generation

MD Licensed Electric Suppliers Suppliers/brokers/billers offering retail
electric supply of electric generation
services in Maryland

http://webapp.psc.state.m
d.us/intranet/suppliers/su
pplier.cfm

Solar only

ME Competitive Providers All competitive electricity providers
include aggregators, brokers and
marketers and any entity selling
electricity to the public at retail

www.state.me.us/mpuc/s
upplier.htm

Renewables, fuel
cells & recycled
municipal solid
waste

MI Competitive Electric
Service Providers

Companies who sell electricity to retail
customers in Michigan, under Retail
Open Access tariffs, must obtain this
certification.

www.michigan.gov
(search for  MPSC)

http://www.util.cc.state.az.us/utility/electric/electapp.pdf
http://www.accessarkansas.org
http://www.cpuc.ca.gov/
http://www.dpuc.state.ct.us/electric.nsf
http://www.state.de.us/delpsc/orders/5166reg.txt
http://www.icc.state.il.us/icc/ec/apform.asp
http://www.magnet.state.ma.us/dpu/restruct/96-100/appform.pdf
http://webapp.psc.state.md.us/intranet/suppliers/supplier.cfm
http://www.state.me.us/mpuc/supplier.htm
http://www.michigan.gov/


66

TABLE 3-2  State Licensing Requirements for Retail Power Marketers (cont’d)

STATE SPECIFIED 
NAME

LICENSE REQUIREMENTS
APPLY TO:

APPLICATION
POSTED ON:

ELIGIBLE
FUEL TYPES

MT Electricity Suppliers Any person, including aggregators, market
aggregators, brokers, and marketers,
offering to sell electricity to retail
customers in the state of Montana.

www.psc.state.mt.us/ga
selec/gaselec.htm

Solar, wind &
hydro

NV
Alternative Sellers A company that has been licensed to

provide potentially competitive services of
electricity to end-use customers.  An
affiliate of a vertically integrated electric
utility that is licensed to provide potentially
competitive services is an alternative seller

www.leg.state.nv.us/NR
S/NRS-704.html

Solar & wind

NH Competitive Electric
Suppliers

Companies that sell energy to consumers in
a competitive market.  They may generate
the power themselves or re-sell power
generated by someone else.  They may also
be referred to as competitive energy
suppliers, energy service providers,
generation companies, power marketers,
and power brokers

www.puc.state.nh.us/su
ppreg.html

Solar, wind &
hydro

NJ Electric Power
Suppliers

A person or an entity that is duly licensed
to offer and assume the contractual and
legal responsibility to provide electric
generation service to retail customers and
includes load serving entities, marketers
and brokers that offer or provide electric
generation to retail customers.  The term
excludes an electric public utility that
provides electric generation service only as
a basic generation service

www.bpu.state.nj.us Solar & wind

OH Electric Suppliers Any company that competes to supply
electricity including marketers,
aggregators, and independent power
producers, but excludes electric
cooperatives, municipal electric utilities,
government aggregators, and billing and
collection agents.

Not posted on the web Solar, wind,
biomass, landfill
gas, hydro,
microturbines, fuel
cells.

OK Retail Electric Energy
Supplier

Any entity which sells retail electric energy
to consumers

Not posted on the web Renewables & co-
generation

OR Electricity Service
Supplier

A person or entity that offers to sell
electricity services to more than one retail
electricity consumer; an electric utility
selling electricity to retail customers in its
own service territory is not an Electric
Service Supplier

Restricted site

Solar, wind, fuel
cells & hydro

PA Electric Generation
Supplier

A person or corporation, including
municipal corporations which choose to
provide service outside their municipal
limits, brokers and marketers, aggregators
or any other entity that sells electricity or
related services to end-use customers,
utilizing the jurisdictional transmission or
distribution facilities of an electric
distribution company; or that purchasers,
brokers, arranges or markets electricity or
related services for sale to end-use
customers, utilizing the jurisdictional
transmission and distribution facilities of
an electric distribution facilities of an
electric distribution company.  The term
excludes building or facility
owner/operators that manage the internal
distribution system serving such a building
or facility and that supply electric power

www.Puc.paonline.com
/electric/licensing.asp

Renewables &
Fuel Cells

http://www.psc.state.mt.us/gaselec/gaselec.htm
http://www.leg.state.nv.us/NRS/NRS-704.html
http://www.puc.state.nh.us/suppreg.html
http://www.bpu.state.nj.us/
http://www.puc.paonline.com/electric/licensing.asp
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TABLE 3-2  State Licensing Requirements for Retail Power Marketers (cont’d)

STATE SPECIFIED 
NAME

LICENSE REQUIREMENTS
APPLY TO:

APPLICATION
POSTED ON:

ELIGIBLE
FUEL TYPES

RI Non-regulated Power
Producer

Any company engaging in the business of
producing, manufacturing, generating,
buying, aggregating, marketing or
brokering electricity for sale at wholesale
or for retail to the public

www.ripuc.org/energy/
npp.html

Renewable & fuel
cells

TX Retail Electric Providers Any person that sells energy to retail
customers in the state.  A retail electric
provider may not own or operate
generation assets (and may not be an
aggregator).

www.puc.state.tx.us/ele
ctric/projects/21082/210
82arc/031600sr.pdf

Renewables only

VT Retail Services Any person or company under the
jurisdiction of the Public Service Board
that is engaged in the sale of electricity to
retail consumers in Vermont.

www.state.vt.us/psb/do
cument/5854/final.htm

Solar, wind, fuel
cells using
renewable fuel,
anaerobic digestion

VA Competitive Service
Provider

Any person that sells or offers to sell a
competitive energy service within the
Commonwealth.  This term includes
affiliated competitive service providers, but
does not include a party that supplies
electricity or natural gas, or both
exclusively for its own consumption or the
consumption of one or more of its
affiliates.

www.state.va.us/scc/cas
einfo/orders/e980812.ht
m

Solar, wind &
hydro

3.8  Other Common Issues and Questions

• Most of the key issues, and hence questions, regarding DG can be categorized into
three principal areas: regulatory barriers, financial barriers, and environmental
barriers.  As evidenced from the previous discussion in this section, each of these
areas can be further sub-categorized into other similar areas.  However, for purposes
of this document, only these three areas will be discussed.  Additional information
regarding “Other Common Issues and Questions” can be found in references 8 and 11
and the web sites www.eren.doe.gov/distributedpower, (4)

www.distributed-generation.com/regulations.htm, (13) and www.irecusa.org. (14)

3.8.1   Regulatory Issues and Questions

• What are the restraints as to switching electricity suppliers?  Most states adopting
retail competition allow today’s utilities to recover most of their investments in power
plants and transmission lines that could not survive in a competitive market.  These
so-called stranded costs are being recovered either through a fee on future electricity
sales or a charge on those individuals or businesses exiting the utilities system.  High
exit fees, however, would be a significant barrier to DG development.

• What steps are being taken to alleviate this problem?  Massachusetts has banned exit
fees for firms converting to onsite generators with an efficiency of at least fifty-

http://www.ripuc.org/energy/npp.html
http://www.puc.state.tx.us/electric/projects/21082/21082arc/031600sr.pdf
http://www.state.vt.us/psb/document/5854/final.htm
http://www.state.va.us/scc/caseinfo/orders/e980812.htm
http://www.eren.doe.gov/distributedpower
http://www.distributed-generation.com/regulatory_issues.htm
http://www.irecusa.org/
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percent.  One concept is to use a sliding scale that exempts new technologies by an
amount proportional to their increased efficiency and decreased emissions of sulfur
dioxide and nitrogen oxides.  Another concept is that states should also resist the
efforts of dominant power companies to impose lengthy notice before consumers can
switch to a different electrical supplier.

• What is the regulatory status regarding interconnection with the grid?  Current
technical interconnection requirements for distributed generation differ from utility to
utility and state to state.  Customers attempting to install these technologies may also
be required to pay for pre-interconnection engineering studies, which can add
significant cost to the system.  The typical lack of a single utility point of contact or
defined process for distributed generation interconnection matters, and the absence of
simple standardized applications and agreements serves to delay and discourage
customer-owned projects.

3.8.2  Financial Issues and Questions
• Do current utility pricing practices and tariff structures make provisions for

accommodating DG systems?  Current utility use tariffs and rate design, as a rule, do
not price distribution services to account for system benefits that could be provided
by distributed generation.  More appropriately designed tariffs can provide for
standby and backup power services without incurring prohibitive charges.  Standby
services include power supplied to a customer during an unscheduled or emergency
outage of the on-site generation.

• What is the status of DG systems with regard to current business models and
practices?  Existing business practice and business models often reflect the old,
regulated electricity industry dominated by vertically integrated utilities and central
station power plants.  New business models are needed to capture the values of non-
utility owned distributed power in delaying or avoiding transmission and distribution
system upgrades, the use of distributed power for ancillary services and for improving
system reliability, power quality and reducing line losses.  New competitive business
models need to be developed that will allow the realization of full economic value of
distributed power in competitive markets.

• Does current monopoly regulation encourage or discourage investment in DG
facilities?  Since utilities are able to make a return on any investment, their incentive
is to build large, expensive, and site constructed power plants.  They have no
incentive to retire those plants, even when new generators are more efficient,
economical, and environmentally sound.  Moreover, monopoly regulations provide no
reward to utilities for energy-efficiency savings.  State and federal actions are needed
that advance competitive markets, which will impose incentives to trim fuel use and
better utilize the waste heat produced by electrical generation.

3.8.3  Environmental Issues and Questions
• What is the current position of siting, permitting and environmental regulations in the

DG arena?  Zoning, air permitting, water use permits, comprehensive environmental
plan approval, and other regulatory processes can both delay and increase the costs of
distributed power projects.  These issues typically relate to site-specific concerns.  In
general, distributed power technologies are not covered in national building,
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electrical, and safety codes.  The codes do address photovoltaics, but this was the
result of many years of effort by the Department of Energy and its national
laboratories, standards organizations, and industry.  Local code and zoning officials
are typically not familiar with these technologies.  Environmental regulations are not
currently administered in a way which gives credit for the overall pollution reduction
effects of high efficiency distributed power technologies such as combined heat and
power systems.

• What is the impact of the “grandfathered” power plant subsidy?  The Clean Air Act
of 1970 exempted all existing electric generating plants from the stringent new rules
that would shut down a new generator that had excess emissions, even though an old
plant producing twenty times as much emissions would be allowed to operate.  In
order to phase out these old plants, federal, state, and local governments should adopt
innovative financing programs and streamline the permit process in an attempt to
introduce new facilities.
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4.0 Opportunities and Threats for Potential Users

Distributed generation projects can provide benefits to municipal utilities, consumers
(industrial, residential and commercial), and electric service providers in settings where
conditions favor their reliability, environmental performance and potential economic
advantage. Distributed generation technologies may be utility owned or customer owned.
As competition in the electric industry increases, DG will assist utilities in cutting their
costs of doing business, while at the same time providing customers with more choices.
However, DG, especially when owned by the customer, may not necessarily be seen as a
positive solution, but rather as unwelcome competition. Despite considerable opportunity
for DG to augment or replace electricity from the grid, certain factors have hindered its
use.  This chapter outlines both the opportunities and threats confronting potential users
of distributed generation.

Market analyses have shown a large potential market size for distributed generation.  For
information on projected potential generation capacities from 1998 – 2020 see:

Annual Energy Outlook 2002 Reference Case Table: Electricity Generating Capability.
www.eia.doe.gov/oiaf/aeo/aeotab_9.htm

4.1 Benefits

The following table compares benefits of distributed generation applications for
customers, the transmission and distribution (T&D) system, energy service providers, the
natural gas industry and the public.

Table 4.1.  Distributed Generation Applications and Benefits by Stakeholder Group
Stakeholder Combined Heat

and Power
Standby Power Peak-Shaving Grid Support Stand Alone

Customer Lower energy
cost, higher
overall reliability

Avoid economic
loss due to
system outage
and satisfy
critical life
support
requirements

Lower peak
period energy
costs

Customers
generally
benefit from the
enhanced
service
provided, but
may be isolated
from
competitive
markets as a
result

Customer option to
avoid high cost
back-up service for
CHP system; remote
communications and
control systems

T&D System Positive to
negative
depending on
situation

Can be
integrated with
utility needs to
provide both
customer and
grid benefits

Can be
integrated with
utility needs to
provide both
customer and
grid benefits

Enhances grid
stability
and
economic
customer
service

Loss of customer
load and associated
revenues

Energy
Service
Provider

Power and heat
can be separately
marketed. ESPs 

Can facilitate
ESP marketing
of interruptible 

Can aggregate
and sell
customer peak 

Possible
benefits as an
owner-operator 

Possible benefits as
an owner operator of
the system

http://www.eia.doe.gov/oiaf/aeo/aeotab_9.htm
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can also provide
ancillary services
to CHP
customers

power supplies,
widely used
strategy of
municipal power
systems

period
generation

of the system

Natural Gas
Industry

Benefit from
high gas
consumption,
possible fuel
switching benefit
for oil-fired
boilers

Minimal impact,
but cost to
service
customers is high

Good match of
gas off-peak
period with
electric on-
peak period

Generally
similar to peak-
shaving benefits

Benefit from high
gas consumption

Public Environmental
benefits,
conservation,
economic
development

Public health and
safety

Environmental
benefits,
economic
development

Environmental
benefits,
economic
development

Less likely in a
competitive market
to represent an
optimum allocation
of resources

4.1.1 Improved Reliability

Distributed generation technologies can provide high quality, highly reliable onsite
power.  This creates a performance advantage in areas where the current electricity grid
does not meet the desired level of reliability or power quality. Distributed generation
systems offer a high level of reliability and thus may be used as stand-alone power.  They
may also be used in addition to the grid to meet peak demand, or as onsite emergency
backup for the grid in the event of an outage.  DG can improve overall reliability with
peak shaving and grid support applications as well.  Many current commercial and
industrial DG installations have been driven by this need for high quality, highly reliable
power and has the ability to provide this power to sensitive facilities when coupled with
uninterruptible power supply (UPS) systems. Power quality is enhanced when DG
provides voltage support, a source of reactive power, and power factor correction.   

For example, a grocery store chain in the Northeast estimates that an on-site generation
system at a Portland, ME store saves $50,000 to $80,000 every day during a power
outage when the store can remain open and the competition closes. First National Bank of
Omaha installed a fuel cell generation system to avoid power disturbances that were
shutting down its computer systems.  Despite high capital costs for the system, the
resulting reliability benefits were greater than its costs.  The bank purchased an on-site
generation system for about the cost of a one-hour outage.

In addition to generating reliable power, use of distributed generation can help to improve
reliability of the existing grid by reducing demand for centrally generated electricity.  In
areas where customers experience reliability problems due to strain on the grid,
distributed generation may help to improve reliability by reducing peak loads and
reducing load level stress on transmission and distribution systems.  Implementing DG
projects may also improve voltage support. 
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The benefits of improved reliability include: (10)

• Lower reserve margins: The level of reserves required to deliver a given level of
reliability varies with the size of generating units and the forced outage rate of those
units. The larger the unit size and the higher the forced outage rate, the greater the
level of reserves required to deliver a given level of reliability. Distributed resources
will almost always reduce the amount of reserve capacity needed to meet a given
level of reliability. Resources with low forced outage rates would further reduce
required reserves. 

• Reduced transmission loading: Reliability is also influenced by the capability of
transmission facilities. If location and operating times are optimal, distributed
generation can increase reliability by freeing transmission lines to serve reliability
purposes. Closely related is the ability of strategically located distributed resources to
reduce or eliminate load pockets and provide local voltage support. 

• Improved protection from outages: The extent of outages (number of customers
affected) and the time needed to restore service after an outage can be reduced by the
deployment of distributed resources. 

• Improved customer reliability: An individual customer's reliability can be improved
when distributed generation is located onsite and sized to meet all or at least the
essential portion of the load. This provides the customer with the opportunity to
continue to receive electric service when the remainder of the electric system is down. 

• Improved neighborhood service: It is possible that improved control and
communication technology installed in the distribution system will make it safe and
economical to "island" parts of the system. A whole neighborhood or large
subdivision might be able to temporarily disconnect from the grid and receive service
from distributed resources within the area. This would increase reliability to
customers in the island; likewise, if the problem was supply related, it could help
customers who continue to be grid connected.

Reliability links:
Distributed Resources and Electric System Reliability.
www.rapmaine.org/DPReliabilityCaseStudies.pdf

Integrated Assessment of Dispersed Energy Resources Deployment.
eetd.lbl.gov/EA/EMP/reports/pslx7/46082.pdf

Distributed Utility Planning: An Introduction to Concepts and Resources.
www.state.vt.us/psd/ee/ee-DUP.htm#dup3

http://www.rapmaine.org/DPReliabilityCaseStudies.pdf
http://eetd.lbl.gov/EA/EMP/reports/pslx7/46082.pdf
http://www.state.vt.us/psd/ee/ee-DUP.htm#dup3
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Benefits of Distributed Generation.
www.gri.org/pub/solutions/dg/benefits.html

Profits and Progress through Distributed Resources.
www.rapmaine.org/P&pdr.htm

4.1.2 Environmental Benefits
Distributed generation technologies can offer significant environmental benefits when
compared to a central generation facility.  The environmental impacts of each technology
are discussed in Chapter 2. The low emissions of criteria air pollutants makes use of
distributed resources especially attractive in areas not in compliance with Clean Air Act
regulations (non-attainment areas).  They tend to be less polluting than central generation,
resulting in fewer permitting requirements to achieve project approval.  Since distributed
resources may be located at the point of use, the ability to place these technologies close
to loads and populations where they are able to provide maximum benefits creates further
opportunity for environmental-benefits.  Additionally, siting generation near the point of
use can reduce total energy consumption due to reduced transmission losses, thus
reducing pollution.  

The environmental benefits provide a public relations opportunity.  For some commercial
users, environmental issues are a major concern. Distributed resource technologies can
provide these users with a strategy to generate good public relations and to "green" their
product, thereby enhancing their image and improving their sales. 

Distributed resource technologies generally have lower environmental impacts than
conventional fossil-fueled generation. This is especially true for wind, fuel cell, and
photovoltaic technologies because they: 1) tend to be physically small; 2) create little or
no noise; 3) require little water; and 4) produce relatively low air emissions. One
promising distributed generation technology, gas-fueled microturbines, has negligible
SO2 emissions and significantly lower NOX emissions than central station fossil
generation. Microturbines are also physically small, produce low noise emissions, and
require little or no water. 

Many distributed resources, including fuel cells, photovoltaics and some turbine systems,
are exempt from environmental permitting requirements because they produce relatively
small emissions of criteria air pollutants, require little water and discharge little water,
and create little or no noise.  Avoidance of permitting requirements may help to
streamline the implementation process. 

Environmental Performance links:

For environmental benefits and emissions information see:
Can We Have Our Cake and Eat It Too?  Creating Distributed Generation Technology to
Improve Air Quality. www.energyfoundation.org/

http://www.gri.org/pub/solutions/dg/benefits.html
http://www.rapmaine.org/P&pdr.htm
www.energyfoundation.org/
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Combined Heat and Power: Saving Energy and the Environment.
www.nemw.org/ERheatpower.htm

For environmental benefits based on DoD’s installation of PC25 phosphoric acid 200kW
systems see www.dodfuelcell.com/paper3.html

Link to same information given in Chapter 2

4.1.3 Economic Benefits
Distributed generation projects can provide electricity consumers and utilities with
economic benefits.  Depending on the technology installed, onsite power generation can
reduce the cost of increasing generation, transmission, and distribution capabilities.  At
the same time, transmission and distribution system energy losses are reduced, as well as
customers’ cost.  This provides revenue for the host customer if a suitable interconnection
is available.  Customers can also be compensated based on the utility need of the area.

In addition, distributed generation systems may be equipped to provide both heat and
power (cogeneration or combined heat and power (CHP)).  Using the excess heat from
power generation reduces heating fuel costs. 

The economic benefits include: (15)

Energy Price Risk Management.  A deregulated industry may incur greater energy price
volatility as a result of competition.  Distributed resources, being modular systems, help
to limit that risk by allowing utilities to add capacity as load growth demands.  This
reduces the need to forecast demand and thus lessens the risk of making costly planning
errors.  Use of distributed generation systems also reduces the risk from unplanned
outages.  DG systems are smaller than large central generators and less susceptible to
capacity shortages from outages.

Customer-owned distributed generation may reduce price risk for individual consumers
by allowing greater fuel flexibility, reliability, and protection from market volatility.

Incentive Programs.  Some states offer programs to assist with DG projects.  These
programs include grant money to subsidize the cost of feasibility studies, and
demonstration projects combined with grant money for product development.  For
example, the New York State Energy Research and Development Authority (NYSERDA)
has offered competitive grants up to $1,000,000 for cost-shared demonstration projects.
The state of California runs a grant program that offers to cover 10% of costs for small
DG systems.  For some “emerging renewables” (solar PV, wind turbines, fuels cells, and
solar thermal), the state offers cash rebates up to $4500 per kW.  Similar programs are
available in other states. 

http://www.nemw.org/ERheatpower.htm
http://www.dodfuelcell.com/paper3.html
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For more information programs available at the state level, see:
New York State Energy Research and Development Authority
www.nyserda.org

California Energy Commission
www.energy.ca.gov 

National Association of State Energy Officials.
Links to all states: www.naseo.org/members/states.htm

Localized Economic Benefits. Certain distributed generation technologies placed on
customers' premises can be operated in a cogeneration mode.  Cogeneration can result in
lower overall energy bills for the customer as well as provide some of the broader
benefits discussed above. Also, distributed resources, by their nature, create investments
in the local community. Such investments provide enhanced local economic benefits
when compared to investments made in larger, more remote generation resources. 

Transmission and Distribution Support.  Strategically placed distributed resources can be
used to defer or eliminate the need for T&D additions and upgrades that otherwise would
be required to serve new load. Deferring or eliminating T&D infrastructure can provide
substantial value to utilities and their customers. This is especially true in areas where
T&D infrastructure has been placed underground or locations where the cost of capacity
additions is high. Distributed resources, especially those placed towards the ends of
distribution feeders, can supply additional benefits to the grid, including lower line losses
and voltage support. As the penetration of distributed resources increases, regional and
inter-regional transmission upgrades could be deferred and the likelihood of transmission
constraints reduced. Distributed resources that defer or avoid the need for T&D upgrades
also reduce utilities' risk of stranding T&D investments. 

Avoidance of costly T&D upgrades can result in significant savings for utilities.  The
Distributed Power Coalition of America provides the following cost-savings estimates:
(16)

Substation Deferral $1.60 - $60.27 / MWh
Transmission System Losses $2.34 - $3.14 / MWh
Transmission Wheeling $2.78 - $7.14 / MWh
Distribution Feeders $.67 - $1.72 / MWh

Cost savings through environmental emissions credits provide further benefits:
SO2 Emission Offset $1.50 - $4.50 / MWh

NOx Emissions Avoided Control Costs of
Emissions Offsets

$1.15 - $28.40 / MWh

CO2 Emissions, Potential Tax Offset $0 – $15.00 / MWh

For more information:  

http://www.nyserda.org/
http://www.energy.ca.gov/
http://www.naseo.org/members/states.htm
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Distributed Generation: Understanding the Economics.
www.arthurdlittle.com/

Distributed Utility Planning: Understanding the Concepts and Issues.
www.state.vt.us/psd/ee/ee-DUP.htm#dup3

Profits and Progress through Distributed Resources.
www.rapmaine.org/P&pdr.htm

4.1.4  Potential Benefits of Restructuring
Electric utility industry restructuring and the anticipation of retail competition have
diverted the attention of utilities away from initiatives such as distributed generation. In
recent years, the focus of electric utilities has been on changes brought about by retail
choice, recovery of stranded costs, divestiture of generation, and mergers and
acquisitions. Cost cutting by utilities in preparation for competition has discouraged the
investments in research, experimentation, and organizational development required to
make utility owned distributed generation work, even though distributed generation may
ultimately provide a competitive advantage.

Utilities can be encouraged to pursue distributed generation through targeted regulatory
directives, incentives, and cost-recovery mechanisms. In the short term, experimentation
could be encouraged and rewarded until the uncertainties of restructuring have
diminished. Over the long term, broad policies on planning and cost recovery in a
restructured industry could be established that reward cost reduction through distributed
generation.

Utility restructuring opens energy markets that allow the customer to choose the energy
provider, method of delivery, attendant method of delivery, and attendant services. The
market forces favor small, modular power technologies that can be installed quickly in
response to market signals. This restructuring comes at a time when: (17) 

• Demand for electricity is escalating domestically and internationally, 
• Impressive gains have been made in the cost and performance of small, modular

distributed generation technologies,
• Regional and global environmental concerns have placed a premium on efficiency

and environmental performance and, 
• Concerns have grown regarding the reliability and quality of centralized electric

power generators. 

http://www.arthurdlittle.com/
http://www.state.vt.us/psd/ee/ee-DUP.htm#dup3
http://www.rapmaine.org/P&pdr.htm


77

A deregulated industry will have the following consequences:

• Competition will lead to greater attention to the customer.  Industry must respond to
demands for choice of supplier, lower energy cost, better power quality, overall
energy services tailored to needs of customer, and customer desire for
environmentally responsible products.

• Price competition will be the most important driver in electricity production.  Market
risks must be avoided by minimizing capital investment and maintaining short lead-
time for capacity additions.

• A restructured industry has already proven to be more favorable to small, dispersed
sources and, consequently, more R&D investment has resulted.

• A key success factor will be the ability to provide the customer with the lowest cost
solution to meet his particular needs.  Cost can be a challenge for DG due to higher
capital investments and typically higher generation cost than large central generating
systems.  However, these costs must be balanced against the opportunity for waste
heat utilization, increased reliability, avoidance of peak load constraints and price
spikes, reduction of transmission and distribution charges, avoidance of energy line
losses, improved power quality and greater flexibility to react to market changes.

4.1.5  Opportunities for DG Growth
Several conditions are likely to be present where the greatest DG growth potential exists.
Some of these conditions can be economic in nature, whereas others may be technical or
even mandated by local, state, and federal agencies.  With respect to identifying the most
promising sites for study, it is preferable to start with only a few so that adequate
attention can be directed to innovation and testing of methods for data collection,
analysis, and decision-making.  The following list provides some characteristics of more
favorable sites: (18)

• Areas with a relatively certain or moderate rate of load growth and a need for a
high-cost upgrade in the medium term (e.g., the next three to five years).

• Areas with a moderate, but relatively certain, short-term load growth and
significant uncertainty in long-term load growth.

• Areas where both the distribution system and the central generation system are
capacity-constrained and where their peaks coincide.

• Areas where the proposed distribution system upgrade might encounter
significant and costly siting constraints.

• Areas where a major industrial customer has a thermal energy requirement that
could be met by cogeneration.

• Areas where certain customers have high outage costs, or where customers have a
good opportunity to switch to another supplier of electricity.

• Areas where addressing T&D constraints through tie lines or transferring loads is
costly or expensive due to regional grid saturation, long distances, or physical or
urban obstacles to tie lines, etc.
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4.2   Threats
Distributed generation installations often encounter significant barriers to
implementation.  These barriers result from technological inadequacy, regulatory issues,
and business practices that discourage DG.   

4.2.1 Business Practice Barriers
Business practice employed by utilities may work to discourage or delay distributed
generation. (19)

Cost Recovery Structures. Traditional cost-of-service ratemaking, which rewards utilities
for prudent capital investments, provides little financial incentive for utilities to lower
their investments in T&D. Generally speaking, cost-of-service ratemaking rewards
increases T&D capital spending over least-cost alternatives, creates disincentives to
invest in energy efficiency programs, and creates incentives for utilities to increase
electricity sales.

However, replacing cost-of-service ratemaking with performance-based ratemaking
(PBR) has the potential to reward utilities that effectively implement distributed
generation projects. In principle, PBR rewards utilities for efficient operation and high-
quality service, as measured by performance relative to pre-established targets, rather
than for capital investments and electricity sales. Historically, PBR targets and incentive
mechanisms have varied greatly, depending on the particular outcomes desired. For the
purpose of encouraging utilities to adopt distributed generation, it is unlikely that simple
mechanisms, such as price caps, would be appropriate. In order for PBR to prompt
utilities to pursue distributed generation, the adoption of carefully chosen PBR targets
and mechanisms would be required. As a precursor to PBR, service quality and reliability
benchmarking would need to be established. 

Planning Methodologies. Traditional distribution planning methods and models do not
account for the various costs and benefits of distributed resources. The data required for a
comprehensive assessment of distributed resources in a given area may be undeveloped.

Utility distribution planners could be encouraged to develop and utilize models that
account for the costs and benefits of distributed resources. DG models presently under
development should be assessed, modified, and applied where appropriate. Utilities could
also begin to collect and better understand the non-traditional data that is necessary for
sound distributed resource development. This data could include local area load forecasts;
existing and planned customer generation; customer end-use data; the value placed by
customers on power quality and reliability; and the cost, performance, and availability of
emerging distributed resource technologies. 

Generation Ownership and Integration. In order to effectively integrate distributed
generation into distribution systems, distribution system planning needs to be closely
integrated with generation planning. Such integration is a departure from traditional
distribution system planning functions. In states where retail competition is in place, this
integration may be further complicated by the required separation or divestiture of
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generation away from the monopoly distribution company. In the event that distribution
companies are permitted to own and operate distributed generation, it is still possible that
distributed generation could be developed and owned by other entities. Regardless of the
specific circumstances, the need for close cooperation between distribution companies
and generators could present a barrier to distributed resource development.

Other business practice barriers include: (20)

• Insurance requirements
• Utility imposed operational requirements
• Long time for approval
• Negotiable charges

4.2.2 Technical Barriers
Installation of customer-owned distributed generation has frequently encountered
technical barriers when coordinating the project with the utility.  

Protective Equipment and Safety Measures. Utilities may have requirements for
protective equipment and safety measures to protect utility property and personnel that
can delay the project.  This has arisen primarily due to the lack of uniform guidelines
governing customer-owned distributed generation and a lack of experience working with
new technologies and issues.

For example, although cost-effective electronic circuitry approved for anti-islanding
protection is currently available, some utilities have been uncomfortable accepting this
technology, instead preferring more familiar, and typically more expensive, anti-islanding
precautions.  The Underwriters Laboratories has approved a functional test for anti-
islanding circuitry for the inverter technology built into small PV and wind applications.
Comparable standards for all DG technologies are expected in the near term.  Some DG
installations have encountered problems with utilities that prefer to have separate
protective relays and other anti-islanding equipment with which it is more familiar. These
requirements can add over $600/kW for small systems.  In one case, the utility also
required the customer to have the relays calibrated annually at a yearly cost of $125 (case
25) (20), significantly undercutting the systems financial benefits.  

Similarly, utilities are concerned that distributed power facilities can have a negative
effect on power quality.  Many distributed generation systems have built-in functionality
to meet power quality requirements. However, utilities have often been reluctant to
approve this technology, and have attempted to require use of more traditional utility-
approved equipment instead.  This too adds to the cost of the installation.

Local Distribution System Capacity Constraints.  In order to identify local distribution
system capacity constraints, utilities often require pre-interconnection studies to evaluate
the DG system’s potential impact that the DG system has on the affected portion of the
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grid.  The cost of these studies is absorbed by the DG user.  The cost and time required to
conduct these studies can act as a significant barrier to the interconnection of DG
facilities.  Although such studies are necessary to avoid  any possible negative
consequences that may be imposed by a DG project, utilities have imposed unreasonable
requirements in some cases.  

4.2.3 Regulatory Barriers
The following regulatory barriers have worked to delay or prevent completion of
distributed generation projects: (20)

• Prohibiting tariff structures
• Backup and standby charges
• Transmission and distribution demand charges
• Exit fees
• Utilities may not give large DG facilities credit for contribution to meet peak

demands
• Inconsistent environmental permitting requirements
• Time and cost involved for testing of compliance
• Differing state rules and regulations defeat economies of mass production necessary

to reduce costs
• Direct utility prohibition

Environmental regulations are currently not administered in a way that gives credit for
the overall pollution reduction effects of high efficiency distributed power technologies
such as combined heat and power systems.  

A 26MW Gas Turbine Cogeneration Project in Louisiana experienced problems
obtaining air emissions permits due to inconsistent regulatory behavior.  The gas turbine
was installed to replace boilers fired on #6 diesel.  Although the operation of the turbine
offered 90% more efficient operation,  the state’s regulatory board determined that as a
new source, the project must be 99% more efficient than the system it would replace.
Therefore, the customer received no credit for removing the diesel boilers, thus
compromising the economic competitiveness of the project.

The air permitting process for a “minor source” of environmental pollutants can last from
six to nine months.  For a “major source” this process can require up to two years.  The
expense involved and time necessary to obtain permits can discourage many customers
and vendors from self-generation.  Some distributed generation is considered green
power due to low or no pollutant emissions.  Wind, solar and some fuel cell projects are
exempt from the environmental permitting process for this reason.

For more case studies of barriers:
Making Connections: Case Studies of Interconnection Barriers and Their Impacts on
Distributed Power Projects.
http://www.nrel.gov/docs/fy00osti/28053.pdf

http://www.nrel.gov/docs/fy00osti/28053.pdf
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4.2.4 Interconnection 
There is currently no national standard for grid interconnection. Requirements may differ
from utility to utility and from state to state.  Utilities may change interconnection
requirements with each installation, which can present significant problems for the
implementation of distributed generation systems. 

A variety of issues is associated with interconnection that may inhibit the implementation
of the DG system: (8)

• Utility requirements are not uniform and often change with each interconnection
• Existing interconnection requirements do not account for emerging application on a

small scale
• Existing requirements may pose insurmountable barriers to the installation
• Alternative solutions and technologies are not readily accepted by utilities
• Utilities must test each alternative solution before integrating with the distribution

system
• There is a lack of a defined process for interconnection installations
• The interconnection process is controlled by a utility that views DG as competition
• There is a lack of timely and efficient settlement of disputes
• The results of interconnection analysis are not always available to customers
• Customers must pay for studies that the utility performs on an interconnection, which

are based on fees set by the utility
• No standardized contracts for interconnection exist
• The contract length and complexity are not proportional to the size of DG facility
• Universal indemnification
• Interconnection agreements require customers to carry general liability insurance to

cover interests of the utility 
• Requirements differ from utility to utility and state to state
• Customers pay for pre-interconnection engineering studies
• There exists lack of process and points of contact
• There are no standard interconnection applications or agreements
• Utility requirements to ensure engineering compatibility of interconnected generator

with the grid are complex
• Contractual and procedural requirements for the interconnection are complicated
• It is often difficult to find qualified personnel at the utility
• Utilities lack experience in dealing with interconnection issues
• Procedures for approving interconnection are often lengthy
• Application and interconnection fees may be high

Interconnection links:
www.gri.org

California Energy Commission: Permitting.
www.energy.ca.gov

http://www.gri.org/
www.energy.ca.gov
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State of New York Public Service Commission.  Opinion and Order Adopting Standard
Interconnection Requirements for Distributed Generation Units.
www.dps.state.ny.us/fileroom/doc7024.pdf

Connecting to the Grid: A Guide to PV Interconnection Issues.
www.irecusa.org/pdf/guide.pdf

www.arthurdlittle.com

Accommodating Distributed Resources in Wholesale Markets.
www.rapmaine.org/DPWholesaleMarkets.pdf

Review of Utility Interconnection, Tariff and Contract Provisions for Distributed
Generation.
www.distributed-generation.com/Library/NARUC_Interconnection.pdf

IEEE Distributed Resources and Electric Power Systems Interconnection. 
grouper.ieee.org/groups/scc21/1547/index.html

Regulatory Issues.
www.distributed-generation.com/regulatory_issues.htm

http://www.dps.state.ny.us/fileroom/doc7024.pdf
http://www.irecusa.org/pdf/guide.pdf
http://www.arthurdlittle.com/
http://www.rapmaine.org/DPWholesaleMarkets.pdf
http://www.distributed-generation.com/Library/NARUC_Interconnection.pdf
http://grouper.ieee.org/groups/scc21/1547/index.html
http://www.distributed-generation.com/regulatory_issues.htm
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5.0  Available Tools for Users
There are several tools available that can help potential users of distributed generation
assess the costs and benefits of a proposed project.  In addition to environmental and
economic analysis, some tools can help decision-makers optimize system configuration
based on site-specific needs.  These tools are intended to assist decision-makers in
choosing, assessing and comparing potential installations of distributed generation.

5.1  D-Gen
Developed by the Architectural Energy Corporation and the Gas Technology Institute
D-Gen Pro is a computer-based model used to help decision-makers conduct an economic
analysis in order to determine the feasibility of distributed power generation projects.  It
is intended for use by facility managers, gas and electric utility representatives, energy
service companies and distributed generation equipment manufacturers. 

For more information, see www.archenergy.com/dgenpro

5.2  DUVal
Developed by Distributed Utility Associates
DUVal is a computer-based model that quantifies the benefits associated with locating
distributed resources within the electric distribution system and/or onsite at the facility
where electricity is used.  The model compares the cost of owning and operating a
distributed generation project to determine if it is lower than the standard solution and
assesses the generation, transmission and distribution capacity needed to satisfy the load
requirements, in addition to fuel and variable costs.  DUVal is intended for use by electric
and gas utility planners, technology strategists, and planners who need to estimate DG
potential.  

For more information, see www.dua1.com/duval.htm

5.3  DOD Fuel Cell Spreadsheet
Developed by the Department of Defense fuel cell program

This is a downloadable spreadsheet model that helps to determine the viability of a
potential fuel cell installation based on economic, technical, and site related issues.  It is
more simplistic than other models, as it requires fewer and less specific inputs.  This is a
simple initial evaluation tool that can be useful when time is short or data is unavailable.

For more information, see www.dodfuelcell.com/spreadsheet.html

http://www.archenergy.com/dgenpro
http://www.dua1.com/duval.htm
http://www.dodfuelcell.com/spreadsheet.html
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5.4  DISPERSE
Developed by Resource Dynamics

The Distributed Power Economic Rationale Selection Model estimates the market
potential for DG in a specific geographic region.  The model contains a database of
industrial and commercial sites with information on location, facility type and size.  It
assigns electric and thermal load profiles based on the application and region.  Size of
facility is used to scale the load profile.  DG unit price and performance data are used to
perform a life-cycle cost economic analysis.  Baseload electric, cogeneration and peak
shaving applications are compared with competing energy prices, resulting in the
selection of the most cost effective DG technology option.  The annual costs of DG are
compared to costs of purchasing grid power. 

For more information see www.distributed-generation.com/disperse.htm

5.5  SOAPP-CT.25
Developed by SEPRIL

This program assists in evaluating performance of a combustion turbine in a site-specific
context.  This model performs a detailed analysis to estimate technical performance of
small combustion turbine installations given site-specific conditions.  It generates cost
information for the estimated capital and operating costs and evaluates financial viability
of the project in multiple economic scenarios.  In addition to these modeling capabilities,
the program includes qualitative information to help guide installations, as well as
operating experience information with case studies of past installations.  It is intended for
use by utility power generators.

For more information see
www.interduct.tudelft.nl/PItools/tools/general_info/ct_soapp.html

5.6  Distributed Energy Technology Simulator
Developed by Energetics, Inc.

This simulator assesses the energy saving potential of using the following technologies:
• Peak-shaving battery
• Peak-shaving diesel generator
• Power quality battery
• Microturbine
• Phosphoric acid fuel cell

The simulation device involves portable hardware that is connected at a customer’s site.
The device consists of an AC monitor that records power used by the facility and an
embedded controller that simulates power generated by a DG technology.  Peak and off-
peak demands that would result from the use of each technology are recorded and
economic data is calculated to determine the net benefits of each technology.  A software
component allows for input of facility data, such as energy costs and load information.

http://www.distributed-generation.com/disperse.htm
http://www.interduct.tudelft.nl/PItools/tools/general_info/ct_soapp.html
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Appendix A: Acronyms and Abbreviations

AFC Alkaline fuel cell
ANSI American National Standards Institute 
ASME American Society of Mechanical Engineers
ALAPCO Association of Local Air Pollution Control Organizations
BACT Best available control technology
Btu British thermal units
CAPCOA California Air Pollution Control Officers Association
CHP Combined heat and power
oC Celsius (degrees) 
CO2 Carbon dioxide
CO Carbon monoxide
CTC Competition transition charges
Cu Copper
DE Distributed Efficiency
DISCO Distribution Company
DG Distributed generation 
DOE Department of Energy
DR Distributed resource
DoD Department of Defense
$/kWh Dollars per kilowatt hour
EPA Environmental Protection Agency
ESP Electrostatic precipitator
oF Fahrenheit (degrees)
FERC Federal Energy Regulatory Commission
GPM Gallons per minute
GRI Gas Research Institute
Hp Horsepower 
IEEE Institute of Electrical and Electronics Engineers 
IAFC International Association of Fire Chiefs
IAPMO International Association of Plumbing and Mechanical Officials 
ICMA International City/County Management Association
IEC International Electrotechnical Commission 
ISO Independent system operator 
ITSOFC Intermediate temperature solid oxide fuel cell
KW Kilowatt
MWe Megawatt of electric 
MWh Megawatt hour
m Meter
MARAMA Mid-Atlantic Regional Air Management Association
M Thousand
MM Million
MCFC Molten carbonate fuel cell
NAAQS National Ambient Air Quality Standards
NARUC National Association of Regulatory Utility Commissioners 
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NARC National Association of Regional Councils
NEC National Electric Code
NETL National Energy Technology Laboratory
NFPA National Fire Protection Association
NRTL Nationally Recognized Testing Labs
NYSERDA New York State Energy Research and Development Authority
Ni Nickel
NO2 Nitrogen dioxide
NOX Nitrogen oxides
NESCAUM Northeast States for Coordinated Air Use Management
N.I.M.B.Y Not in my backyard
O3 Ozone
O&M Operating and maintenance
Pb Lead
PM Particulate matter
PM 2.5 Particles with diameters of 2.5 micrometers
PM 10.0 Particles with diameters of 10.0 micrometers
PPM Parts per million
PBR Performance-based ratemaking
PAFC Phosphoric acid fuel cell
PV Photovoltaic
PEM/PEFC Proton exchange membrane fuel cell
PLM Peak Load Management
PRIMA Public Risk Management Association
PSIG Pounds per square inch pressure gauge
PUC Public Utilities Commission 
PURPA Public Utility Regulatory Policies Act of 1978 
QF Qualifying facility
R&D Research and development
RPM Revolutions per minute
SAE Society of Automotive Engineers 
SCR Selected catalytic reduction 
SCO Selective catalytic oxidation
SIPs State Implementation Plans
SOFC Solid oxide fuel cell
SSEB Southern States Energy Board
SCC Standards Coordinating Committee
SCNG Strategic Center for Natural Gas
SECA Solid State Energy Conversion Alliance
SO2 Sulfur dioxide
SOX Sulfur oxides
STAPPA State and Territorial Air Pollution Program Administrators
TC Technical Committee
T&D Transmission and distribution
TSOFC Tubular solid oxide fuel cell
UBC Uniform Building Code
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µg Micrograms
UL Underwriters Laboratories Inc 
UPS Uninterruptible power supply
VAr Volt-Amp-Reactive, or Reactive Power
VOC Volatile organic compound
WESTAR Western States Air Resources Council
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Appendix B  Distributed Generation Information 
Web Sites

www.aceee.org  The American Council for an Energy-Efficient Economy (ACEEE) is
a non-governmental organization engaged in energy efficiency research and policy
development.

www.aga.org  The American Gas Association (AGA) has published reports on
distributed generation, available on their website.

www.appanet.org  The American Public Power Association (APPA) provides
information on distributed resources.  

www.awea.org The American Wind Energy Association (AWEA) is a trade and
advocacy organization based in Washington, D.C.  AWEA represents the U.S. wind
energy industry and individuals that support clean energy in the Legislative/ Regulatory,
Public Relations, and International arenas.

www.awea.org/smallwind.html The American Wind Energy Association (AWEA)
provides all kinds of information on small-scale wind systems including state-by-state
requirements, economics of systems, technology discussions, and expert advice on
implementing a wind system.

www.cader.org The California Alliance for Distributed Energy Resources (CADER)
is a voluntary collaborative committed to facilitating the successful deployment of highly
efficient and environmentally responsible distributed energy resources into competitive
energy markets. 

www.energy.ca.gov/distgen The California Energy Commission provides distributed
generation information at this site.

www.cee1.org/home.html  The Consortium for Energy Efficiency (CEE), a national, non-
profit public benefits corporation, promotes the manufacture and purchase of energy-
efficient products and services. The consortium’s goal is to induce lasting structural and
behavioral changes in the marketplace, resulting in the increased adoption of energy-
efficient technologies.

www.clean-power.com Clean Power Research provides economic analysis about
investments in clean energy technologies to consumers, companies, utilities,
organizations, and governments. The technologies include photovoltaics, wind, solar
thermal, energy efficiency, and fuel cells.

www.co-opbar.com The Electric Cooperative Bar Association is a professional
network within the National Rural Electric Cooperative Association (NRECA).

http://www.aceee.org/
http://www.aga.org/
http://www.appanet.org
http://www.awea.org/
http://www.awea.org/smallwind.html
http://www.cader.org/
http://www.energy.ca.gov/distgen
http://www.cee1.org/home.html
http://www.clean-power.com/
http://www.co-opbar.com/
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Membership is composed of attorneys representing or working extensively with the
electric cooperative members of NRECA.

www.cpuc.ca.gov  The site provides documents related to California’s Order Instituting
Rulemaking into Distributed Generation – R. 99-10-025.

www.dieselnet.com/standards.html DieselNet is the online information service with
information about diesel exhaust emissions, emission control, diesel engines, fuel, and
other diesel-related topics.

www.distributed-generation.com This site is sponsored by resource Dynamics
Corporation and provides information on energy companies, equipment suppliers,
regulators, energy users, and the financial community.

www.e-coop.org Energy Co-Opportunity (ECO) is a cooperative, which provides its
electric co-op members with new energy solutions, including access to distributed energy
technologies.

www.energy.ca.gov  This web site provides information on the California Energy
Commission grant program for distributed generation.

www.ecw.org The Energy Center of Wisconsin (ECW) is a private, nonprofit
organization dedicated to improving energy efficiency in Wisconsin. The organization
provides energy-efficiency programs, research, and education to residents, businesses,
industry and government. 

www.eei.org Edison Electric Institute advocates public policy, expands market
opportunities, and provides strategic business information for the shareholder-owned
electric utility industry.

www.egsa.org  Founded in 1965, the Electrical Generating Systems Association
(EGSA) is a trade association made up of nearly 500 companies in the USA and around
the world that make, sell, distribute, specify, service, and use on-site power equipment.
EGSA is one of the most active associations of its kind, and it is the world's largest
organization that focuses on the entire on-site power generation industry.

www.epri.com The Electric Power Research Institute (EPRI) provides science and
technology-based solutions by managing a far-reaching program of scientific research,
technology development, and product implementation. 

www.eren.doe.gov/greenpower/netmetering/index.shtml The U.S. Department of
Energy’s Efficiency and Renewable Energy Network net metering site provides
background on the concept of net metering, a state-by-state summary of net metering

http://www.cpuc.ca.gov/
http://www.dieselnet.com/standards.html
http://www.distributed-generation.com/
http://www.e-coop.org/
www.energy.ca.gov
http://www.ecw.org/
http://www.eei.org/
http://www.egsa.org
http://www.epri.com/
http://www.eren.doe.gov/greenpower/netmetering/index.shtml
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programs, the full text of all net metering rules, program participation rates where
available, relevant analysis, papers and reports, and links to further information. 

www.eren.doe.gov/distributedpower This is the website of the Distributed Power
Program at the US DOE’s Office of Energy Efficiency and Renewable Energy.  It gives
an overview of technologies and issues related to distributed power and discusses how
those issues are being addressed.  The site has a calendar of events, and a library of
additional resources containing distributed power information.

www.eren.doe.gov/der  This is the website of the Distributed Energy Resources
Program within the Office of Power Technologies at the US DOE Office of Energy
Efficiency and Renewable Energy.  The site focuses on current activities related to
distributed energy resources.

www.gastechnology.org Gas Technology Institute (GTI - formerly Gas Research
Institute and Institute Gas Technology before combining) provides energy and
environmental products and services with a focus on natural gas.  Programs of this kind
allow organizations to out-source all or part of their technology function and implement
technology solutions to gain competitive advantage.

www.gridwatch.com/info/info.asp Gridwatch.com is an online directory of the electric
power industry, covering industry participants in all areas of the power business,
including power transmission & distribution, power markets, and power generation.

www.ieee.org The Institute of Electrical and Electronics Engineers (IEEE) helps
advance global prosperity by promoting the engineering process of creating, developing,
integrating, sharing, and applying knowledge about electrical and information
technologies and sciences for the benefit of humanity and the profession.

www.ippny.org The Independent Power Producers of New York Inc. (IPPNY)
represents more than 100 companies directly involved in the development of independent
electric generating facilities that use cogeneration and renewable resources in New York
State.

www.irecusa.org/whoweare.html The Interstate Renewable Energy Council’s (IREC)
mission is to accelerate the sustainable utilization of renewable energy sources and
technologies in and through state and local government and community activities. IREC
works with many partners including the federal government, national environmental and
municipal organizations, regulatory commissions, state-appointed consumer
representatives, energy service providers, utility groups, universities, and research
institutes.

www.montanagreenpower.com/index.html This web site provides information on what's
happening in solar, wind, and other renewable energy technologies in Montana. The
latest news on renewable energy; information on planning and designing your own solar,

http://www.eren.doe.gov/distributedpower
http://www.eren.doe.gov/der
http://www.gastechnology.org/
http://www.gridwatch.com/info/info.asp
http://www.ieee.org/
http://www.ippny.org/
http://www.irecusa.org/whoweare.html
http://www.montanagreenpower.com/index.html
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wind and micro-hydro systems; activities for the classroom; news about utility
restructuring; and links to other useful sites are provided. 

www.netl.doe.gov  DOE’s National Energy Technology Laboratory supports
development of technologies, including turbines and fuel cells, that may be used for
distributed generation.  This website provides information about current and past
projects.

www.seca.doe.gov  The Solid State Energy Conversion Alliance, coordinated by
DOE’s National Energy Technology Laboratory and the Pacific Northwest National Lab.
The program encourages the development of solid-oxide fuel cell modules for use with
commonly available fossil fuels at low cost.  The goal is to develop, by 2010, a high-
efficiency low-cost solid oxide fuel cell system for $400/kW that may be used for
stationary, transportation, and military applications.
 
www.nreca.org/about/abtnreca.html The National Rural Electric Cooperative
Association (NRECA) is the national service organization dedicated to representing the
national interests of consumer-owned cooperative electric utilities and the consumers
they serve.

www.nrel.gov/docs/fy00osti/25272.pdf This PDF file is a guide to provide architects and
designers with useful information on Building- Integrated Photovoltaics for Commercial
and Institutional Structures (BIPV) systems.  Each brief provides specific technical data
about the BIPV system used, including size, weight, and efficiency of the system, as well
as number of inverters required for it. This is followed by photographs and drawings of
the systems, along with general system descriptions, special design considerations, and
mounting attachment details.

www.nyserda.org  The New York State Energy Research and Development Authority
(NYSERDA) funds research into energy supply and efficiency, as well as energy-related
environmental issues.  It is a public benefit corporation created by the New York State
Legislature.

www.powerengineers.com  National Association of Power Engineers (NAPE) is a
professional association serving operations engineers in the power industry.

www.puc.state.tx.us/  The site from the Public Utility Commission of Texas provides
documents related to Texas’ Rulemaking on Interconnection of Distributed Generation –
Project# 21220.

www.rapmaine.org The Regulatory Assistance Project is a non-profit organization that
provides analysis, workshops, and education assistance to state public utility regulators
on electric utility regulation. This website provides access to information about a variety
of topics, including electric utility restructuring, power sector reform, renewable resource
development, the development of competitive markets, performance-based regulation,
demand-side management and green pricing.

http://www.netl.doe.gov/
http://www.seca.doe.gov/
http://www.nreca.org/about/abtnreca.html
http://www.nrel.gov/docs/fy00osti/25272.pdf
http://www.nyserda.org/
http://www.powerengineers.com/
http://www.puc.state.tx.us
http://www.rapmaine.org/
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www.ul.com Underwriters Laboratories Inc. (UL) is an independent, not-for-profit
product safety testing and certification organization. UL's support services for regulatory
authorities are designed to make difficult acceptability decisions easier.

http://www.ul.com/
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