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Using Distributed Energy Resources

A How-to Guide for
Federal Facility Managers

U.S. Department of Energy
Office of Federal Energy Management Programs

ABSTRACT

This article was derived from the U.S. DOE, Federal Energy Man-
agement Program (FEMP) guide of the same name by the editor-in-chief.
This “how-to guide” was designed to define distributed energy re-
sources (DER) and to assist federal facility and energy managers in as-
sessing DER at their facilities. Every attempt has been made to be true
to the original document; however, some changes have been made to fit
the style of this journal. To get an original of the how-to guide, visit
FEMP’s web site at wwuw.eren.doe.gov/femp.

INTRODUCTION

Today’s busy federal facility or energy managers are seeking ways
to solve problems such as high energy costs or low electric power reli-
ability. Distributed energy resources (DER) could be the colution.

What Are Distributed Energy Resources?

Distributed energy resources are small, modular, energy genera-
tion and storage technologies that provide electric capacity or energy
where you need it. Typically producing less than 10 megawatts (MW) of
power, DER systems can usually be sized to meet your particular needs
and installed on site.

DER systems may be either connected to the local electric power
grid or isolated from the grid in stand-alone applications. DER technolo-
gies include wind turbines, photovoltaics (PV), fuel cells, microturbines,
reciprocating engines, combustion turbines, cogeneration, and energy
storage systems.
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How Are DER Systems Used?

DER systems can be used in several ways. They can help you
manage energy bills and ensure reliable power by augmenting your
current energy services. DER systems also enable a facility to operate
independently of the electric power grid, whether by choice or out of
necessity. Certain DER systems can even lower emissions and improve
fuel utilization on site.

Utilities can use DER technologies to delay, reduce, or even elimi-
nate the need to obtain additional power generation, transmission, and
distribution equipment and infrastructure. At the same time, DER sys-
tems can provide voltage support and enhance local reliability.

How Do I Know if DER Systems
Are the Right Choice for My Facility?

Today, several economic and environmental factors make it worth-
while to consider DER. These factors include the high prices associated
with both electric energy and fuel in recent years. Uncertain fuel sup-
plies and the increasing potential for disruptions in electricity service are
prompting federal managers to look for alternatives to traditional en-
ergy providers and for new ways to supplement current supplies.

Particularly where a facility’s energy-producing infrastructure is
aging, it may be time to review current operating costs and maintenance
requirements. The performance, cost, and availability of DER technolo-
gies have all been improving steadily over the past several years. New
technologies are much more efficient than old ones, so a replacement or
upgrade may pay for itself sooner than expected. Also, energy security
is a primary concern at many federal facilities. In those cases, DER sys-
tems can power mission-critical loads, reduce hazardous or costly power
outages, and diversify the local energy supply.

Military facility energy managers, however, may want to consider
the likelihood of privatization in deciding whether to invest in a DER
system. If the facility’s utility infrastructure could soon be sold to a
private entity, it might not make economic sense to invest in a new DER
system that would be unacceptable to a potential buyer. But in the right
circumstances, even military facilities can benefit from using DER.

What is the Purpose of This Guide?

The Department of Energy’s (DOE’s) Federal Energy Management
Program (FEMP) has established the Distributed Energy Resources Pro-



39

gram to assist federal agencies in implementing DER projects at their
facilities. FEMP prepared this how-to guide to assist facility managers in
evaluating potential applications and benefits. The guide also provides
practical, step-by-step advice on how to carry out a federal DER project.

It describes and explains—

e DER applications, and the potential benefits of using DER in fed-
eral facilities

e  DER technologies, and how to match them to applications

o A step-by-step approach to implementing projects

*  Barriers that you may encounter, and how to overcome them

*  Resources that can assist you in implementing new DER projects.

We hope this guide helps to make your DER projects a success.

SEVEN STEPS TO SUCCESS

How do you, as an energy or facility manager, determine whether
DER will make sense for your facility’s energy needs? And if so, which
technology or system is the best? Finally, what is the process you need
to follow to get a DER project financed, designed, installed, and operat-
ing?

Before even considering DER, make sure you have taken advan-
tage of all the energy-saving measures that are available and applicable
to your facility. These include using highly efficient insulation; lighting;
and heating, ventilation, and air-conditioning (HVAC), as well as pas-
sive solar design and other effective techniques. (See FEMP’s web site,
www.eren.doe.gov/femp/, for more information about energy-efficient
facilities.) The more you can reduce your energy requirements, the
smaller you can size the DER system you will be installing. Here are
seven steps you can follow to obtain a DER system that’s right for you.

STEP 1: ANALYZE YOUR FACILITY’S ENERGY NEEDS

In this step, you can determine what your facility’s energy needs
are, what problems you need to solve, and what benefits can be gained
by using DER systems. This list of basic DER applications will help you
determine which one or ones apply to your facility. It will also help you
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choose appropriate DER technologies in Step Two.

e  Standby Power. Problem: Your power
supplier has an unacceptably high inci-
dence of service interruptions, or takes
a long time to restore service after an
interruption. This is called low reliabil-
ity, and the result is a shutdown in op-
erations until power is restored. Solu-
tion: Install a DER system that can
meet your power needs when service is
interrupted, to serve critical loads until
service is restored. Benefits: Highly re-
liable operation, minimal down time.

e  Low-cost Energy. Problem: Your en-
ergy supplier has high rates. Solution:
Install a DER system to generate some
or all of your facility’s power using re-
newable technologies, or change to
more efficient and cleaner sources of
fossil fuel generation. Benefit: Lower
energy bills.

e  Stand-alone Systems. Problem: Your
facility needs electric energy, but it is in
a location that can’t be served economi-
cally by traditional utilities. Solution:  Figure 1. Following
Install a DER system to generate power  these seven steps will
dedicated solely to off-grid loads. Ben-  help you implement a
efits: Independent operation, cost sav-  guccessful DER

ings. project.

. Combined Heat and Power (CHP, or
Cogeneration). Problem: Your facility needs electric energy, but it
also has other energy needs, for example, to heat or cool water or
interior spaces. Solution: Install a DER system to generate power
and use the waste heat for auxiliary processes that would other-
wise require fuel. Benefits: Substantially greater efficiency, lower
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energy costs and fuel requirements, and fewer air emissions, in
many cases. See Table 2, for more information.

e Peak Shaving. Problem: Your power supplier bills you a monthly
charge based on your highest peak usage rate, even if it's only a
few hours each month. Solution: Install a DER to provide power
during times of peak usage to lower demand charges. Benefit:
Lower monthly utility bills.

e Improved Power Quality (PQ). Problem: The power provided to
your facility by your energy supplier is not electrically “clean” or
constant, causing problems with your facility’s equipment (see
Power Quality sidebar for details). Solution: Install a DER system
designed to mitigate the particular power quality symptoms you
are experiencing. For example, frequent momentary outages can be
effectively addressed with an uninterruptible power supply (UPS)
system or a distributed storage device. Benefits: Obtain cleaner
power, ride through momentary outages, protect delicate equip-
ment.

e  “Green” Power. Problem: Your facility is in an environmentally
sensitive area. Solution: Install low- or zero-emission DER systems
that generate environmentally preferable power, such as wind tur-
bines, photovoltaics, fuel cells, or CHP systems. Replacing old
power generation equipment with cleaner, more efficient DER
technologies may also reduce emissions. Benefits: Easier emissions
permitting, minimal environmental impacts.

STEP 2: SELECT A DER TECHNOLOGY

In this step, you can evaluate today’s DER technologies, selecting
the ones that meet your needs. Table 1 shows which technologies are
suitable for various DER applications. Refer to the table as you weigh
the pros and cons of the candidate technologies.

DER systems can be made up of one or more primary technolo-
gies—such as internal combustion engines, combustion turbines, fuel
cells, photovoltaics, wind turbines, and batteries—along with support-
ing technologies—such as power conditioning equipment, controls,
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communications, fuel handling and storage systems, CHP systems, and
emission controls. You will also want to weigh important environmental
and fuel-use issues.

What are the Technologies?

Many combinations of technologies and fuel options are possible,
to take advantage of the way individual technologies complement each
other and to make them as robust and cost-effective as possible. See
Table 2 for comparative cost and performance information about today’s
DER technologies, which include the following:

e Diesel Engine generator sets (gensets) consist of a diesel-cycle
(compression ignition) reciprocating engine prime mover coupled
to an electric generator. The diesel engine operates at a relatively
high compression ratio and relatively low rpm. Diesel engine
gensets are a proven, cost-effective, extremely reliable and widely
used technology. They are manufactured in a wide range of sizes,
from about 1 kilowatt (kW) up to about 10 MW. They can be cycled
frequently to operate as peak-load power plants or as load-follow-
ing plants; they can also be run in baseload mode in off-grid sys-
tems. Major drawbacks include very high levels of emissions (par-
ticularly nitrogen oxides, a major component of smog), and the
need for sound attenuation to muffle the loud engine noise. Diesel
engines are thus probably not suitable for most federal facilities,
and should be considered only if other technologies are not prac-
tical. One of the least expensive DER technologies, they cost about
$810/kW, installed.

®  Dual-Fuel Engine gensets consist of a diesel-cycle engine modified
to use a mixture of natural gas and diesel fuel (typically, 5% to 10%
diesel by volume) connected to an electric generator. The small
amount of diesel fuel allows the use of compression ignition, and
the high percentage of natural gas in the mix results in much lower
emissions (and somewhat lower power output) than those of a
diesel engine. In most other cost and operational respects, dual-
fuel engines are comparable to diesels; they are available in sizes
from a few kilowatts to about 10 MW at an installed cost of about
$875/kW.
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Natural Gas Engine gensets are made up of a reciprocating (pis-
ton-driven) natural-gas-fueled engine using a spark-ignition sys-
tem (Otto fuel cycle) coupled to an electric generator. In most other
respects, natural gas engines perform similarly to diesels and dual-
fuel engines, but have the potential for the lowest emissions of all
types of reciprocating engines. They are available in sizes from a
few kilowatts to about 5 MW, and they cost about the same as
diesel and dual-fuel engines—around $825/kW.

Combustion Turbines (also called gas turbines) burn gas or liquid
fuel; hot gases expand against the blades of a rotating shaft, pro-
ducing a high-speed rotary motion that drives an electric genera-
tor. While they may take a few more minutes to get up to speed in
comparison to reciprocating engines, gas turbines are well suited
for peaking and load-following applications and for baseload op-
eration in larger sizes. Installed costs are somewhat higher than
those of reciprocating engines, and maintenance costs are slightly
lower. Turbines are efficient and relatively clean. They can easily be
fitted with pollution controls to run even cleaner. They are avail-
able in sizes ranging from about 300 kW to several hundred mega-
watts, and costs range from $910/kW to $1,400/kW, installed.

Microturbines are smaller, somewhat less efficient versions of
combustion turbines, in the range of about 30 to 250 kW. They run
on natural gas at high speeds (typically around 90,000 rpm). The
electrical output of the generator is typically passed through an
inverter (an electronics-based power convertet, also called a power
conditioning unit or PCU) to provide 60 Hz AC power. Microtur-
bines targeted to the small industrial and commercial market are
designed to be compact, affordable, reliable, modular and simple
to install. The newest versions meet very low emissions require-
ments. Microturbines are commercially available and currently cost
around $1,000/kW.

Fuel Cells produce DC electricity by a thermochemical process in
which hydrogen (H,) is passed over an anode and air over a cath-
ode in an electrolyte bath; the DC power is inverted to AC for grid
operation. By-products are heat, water, and carbon dioxide, mak-
ing fuel cells one of the cleanest sources of energy. Unless it is
transported to the site, the hydrogen comes from reforming a fuel
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such as natural gas or propane, a process that may produce envi-
ronmental emissions. Fuel cells using a phosphoric acid electrolyte
were the first to become commercially available; solid oxide, mol-
ten carbonate, and proton exchange membrane (PEM) technologies
are poised to follow. Fuel cells are efficient, quiet, and modular.

They are available in sizes ranging from a few watts to 200
kW—the current commercially available size for stationary power
applications. Although costs are expected to go down, fuel cells are
now one of the most expensive DER technologies, starting at about
$5,500/kW, installed. FEMP’s Federal Technology Alert on fuel
cells provides more information: (wwuw.eren.doe.gov/femp/prodtech/
newtechdemo.html)

Photovoltaic Cells are thin layers of a semiconductor (usually
crystalline silicon) that convert sunlight directly to DC electricity;
an inverter converts the DC to standard AC power for connection
to utility systems. These “solar cells” are built up into panels with
power ratings ranging from a few watts to about 100 W. The panels
are modular and can be configured into larger arrays to match
almost any load requirement. Noise and emissions are nonexistent,
and maintenance is minimal because there are no moving parts.
Photovoltaic systems are a proven technology and are available
from numerous manufacturers. Depending on the application, PV
systems can range from $8,000/kW to $13,000/kW, installed. Grid-
connected systems typically fall in the low end of the range, while
systems with battery storage constitute the high end.

Wind Turbines, another renewable energy technology, contain pro-
peller-like blades that turn the energy in the wind into rotational
motion to drive a generator. Most wind turbines are asynchronous,
meaning they turn at variable speeds; the output of the generator
must pass through an inverter to achieve 60 Hz AC electricity.
Wind turbines range in electrical output from a few watts to more
than 1 MW. Applications include remote power systems, small-
scale or residential electricity production, and utility-scale power
generation. DER-scale systems can cost anywhere from $1,000/ kW
to $3,000/kW installed, depending on the application. Like photo-
voltaics, wind turbines are a proven technology and are available
from several manufacturers.
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*  Storage Devices take energy from the electric grid or another
source (such as a renewable DER) and store it, making it avail-
able when needed. Storage technologies currently available have
a range of characteristics for various applications. Batteries are
the most common form of electric energy storage; applications
range from low-power uses, such as remote telecommunications,
to high-power uses, such as utility grid support (requiring an
inverter). An uninterruptible power supply (UPS) is another
common storage system, typically consisting of batteries mated
to control electronics that convert stored energy to AC electricity
and dispatch it as needed (for example, to provide full power
during an outage or to smooth out power quality problems).
Flywheels convert electric or mechanical energy into rotational
energy and invert it for use when needed. Superconducting mag-
netic energy storage (SMES) uses a magnetic coil cooled to very
low temperatures to store electric energy with little loss; like
other DC devices, it uses an inverter to convert DC to AC that
can be dispatched to a utility grid. These storage technologies
are all commercially available and becoming more cost-effective
as applications increase. The cost of purchasing and installing
energy storage systems can range from $1,100/kW to $1,300/
kW.

e  Hybrid Systems are combinations of these technologies, designed
for specific or unusual applications. Renewable energy technolo-
gies such as wind and solar systems, for example, depend on en-
ergy sources that cannot be dispatched—i.e., we have no control
over their availability. For this reason, it can be necessary to com-
bine them in a hybrid system, such as a PV system with battery
backup, to collect energy for use when a facility needs it. Nonre-
newable hybrid DER systems are also used; one example is a bat-
tery system packaged with a microturbine, to ride through short
outages with the batteries and use backup power from the micro-
turbine for sustained outages.

Depending on your needs, more than one of these technologies
and systems might work for you. In that case, you could custom-de-
sign several technologies and control systems to obtain the greatest
benefit.
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Matching DER Technologies to Your Applications

When using this chart to select a technology for a specific application, you
will also want to consider such key factors as commercial readiness, economics,
availability, and environmental considerations before making your selection. The
discussion that follows should provide some additional guidance in selecting the
technologies.

Standby Power. To acquire the most economical DER power-generating system
to use when the utility supply is down, you should first estimate how often the
DER will have to start up and how many hours per year it will have to operate.
For standby power applications, fuel and maintenance costs will be low because
outages usually occur only a few hours per year; consequently, capital costs
should be low. Diesel engines are likely to be the least expensive option, but they
can present environmental challenges. Natural gas and dual-fuel engines may be
more environmentally acceptable than diesels. Microturbines can be a good
choice for small applications (less than 100 kW); combustion turbines can be good
for larger applications, where natural gas is available and emissions are a con-
cern. UPS systems are well suited to applications where outages last less than
about 15 minutes. Batteries can handle applications of a few kW for outages of
about 1 to 2 hours. Hybrid technologies, which combine generation and storage
technologies for specific applications, have many benefits and may be best if you
need fuel redundancy, expect a wide range in duration of outages, or have mul-
tiple applications.

Low-cost Energy. If low-cost fuel is available, or electric rates are high in your
area, or both, you may be able to reduce your utility bill by generating some or
all of your own power. Diesel, dual-fuel, and natural gas engines are the least
expensive to purchase, but emissions and maintenance costs should be consid-
ered when the number of operating hours is high. Combustion turbines are pre-
ferred for large applications; they have lower maintenance costs and much lower
emissions than reciprocating engines. Microturbines, which are relatively lower in
efficiency and have higher capital costs, are probably not as cost-effective. Pho-
tovoltaics, although high in cost initially, often make sense in the long term, es-
pecially if the local utility has established net metering rules (see Net Metering
sidebar for more information). Wind turbines are less expensive than PV arrays,
but may not qualify for net metering. However, in areas with high average wind
speeds, turbines can provide a substantial amount of energy. Hybrid systems—
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such as PV or wind with batteries—are more expensive but work over a broader
range of fuel costs and applications than single technologies. In addition, using the
waste heat generated by some DER technologies to produce both heat and power
on site can reduce overall energy costs.

Stand-alone Systems. A DER in this application will run around the clock and
constantly match its output to the demand. Therefore, high efficiency is required
to minimize fuel costs and emissions. Maintenance costs are also an important
factor, and reliability is paramount. Engines and combustion turbines are often the
first choices in terms of capital cost. Engines and microturbines are usually pref-
erable for smaller applications; combustion turbines are preferable for larger ap-
plications. Fuel cells are the most expensive to install but desirable from an en-
vironmental perspective. PV, wind turbines, and hybrid systems are beneficial in
areas without adequate supplies of fossil fuels or where environmental permitting
is difficult, and in off-grid applications where grid extensions are very expensive.
Particularly in remote, off-grid areas, the cost of operating and maintaining fossil-
fuel-fired engine gensets is significant. The cost of transporting and storing fuel,
combined with the potential for fuel spills and subsequent cleanup, can make
hybrid renewable energy systems much more life-cycle cost-effective than fossil
gensets alone.

Combined Heat and Power (CHP). Only the power-generation technologies that
produce excess heat can be used for CHP applications; these include engines,
combustion turbines, fuel cells, and microturbines. Additional equipment must be
installed to capture the heat and use it in the secondary process, at an average
additional cost of $400/kW. Engines and turbines (including some microturbines)
have been used for CHP applications. Any DER technology that can produce
waste heat can be used in a CHP application with greater overall system efficien-
cies (because of the higher fuel utilization efficiency) and perhaps better econom-
ics. (See CHP Sidebar for more information. You can also use the CHP On-line
Calculator at www.eren.doe.gov/der/chp/chp-eval.html to determine whether CHP
is cost-effective for your needs.)

Peak Shaving. DER systems can generate power during the times when purchas-
ing energy from the utility would be very expensive. These include peak demand
hours, when time-of-use rates are in effect, and hours when utilities are capacity-
constrained. Utilities often assess demand charges—monthly charges based on
highest peak usage—for commercial customers. Using DER to limit peak usage
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will help you avoid these costs. The system may run 200 to 2000 hours per year,
so you should consider the trade-off between installation costs and efficiency to
select an appropriate DER technology. Engines and hybrids are likely to be pref-
erable for small applications at lower run times, and turbines for larger applications
at higher run times. PV systems can provide peak shaving in facilities where the
greatest requirement for energy occurs when the solar resource is at its highest
intensity, such as for air-conditioning in commercial buildings. For these applica-
tions, PV systems have excellent load-matching characteristics.

Power Quality. Any DER prime mover technology can be used to provide dedi-
cated, high-quality power to highly sensitive or mission-critical loads and to elimi-
nate downtime. For small applications and brief power outages, a UPS is likely to
be the most economical choice. For voltage sags, spikes, noise, and other random
PQ anomalies, preferred technologies include batteries, flywheels and SMES.
They can be operated in a “constantly on” mode, filtering out unwanted qualities
of the power signal. Adding higher quality electronics and energy storage systems
can improve the power quality of any prime mover technology. See Power Quality
sidebar for more information.

Net Metering

Net metering measures the difference between the electricity you buy from
your utility and the electricity you produce using your own generating equipment.
Your electric meter keeps track of this “net” difference as you generate electricity
and take electricity from the grid. Your utility or electric service provider bills you
for the “net” energy you use (if any) on a monthly or yearly basis, depending on
the program. Net metering allows you to get full retail value for most, if not all, of
the electricity you produce. Any excess electricity you generate goes back into the
electric grid and essentially credits future energy use. Getting this high retail value
for your excess electricity makes owning your own generating system more cost-
effective. Net metering programs have been enacted in 35 states. Although spe-
cific requirements vary significantly from state to state, many programs allow net
metering for residential and commercial customers, with system size limits of 10—
100 kW. Check with your state’s Public Utility Commission for the specific rules
that could apply to you.

For a summary of state net metering programs, see www.eren.doe.gov/
greenpower/netmetering.
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What are the Environmental Issues?

An important consideration in choosing a DER technology is the
environmental impact associated with it. Certain DER systems can have
a positive impact on air emissions, particularly NO, and SO,, which are
by-products of fossil fuel combustion and key constituents of smog.
Table 2 shows output levels of the key regulated emissions of DER tech-
nologies, CO, and NO,; SO, emissions are negligible for most DER tech-
nologies, since the fuel used is typically natural gas. Note that the units
employed are pounds per kilowatt-hour (Ib/kWh); this is an example of
an output-based standard, which relates emissions levels to the effi-
ciency of the technology, and allows technologies to be compared on a
consistent basis. Sometimes emissions measurements are given in terms
of input (e.g., pounds of pollutant per million Btu of fuel input) or on
the basis of concentration (parts per million, or ppm). These measures
do not clearly link actual emissions to the amount of product (in this
case, kWh of energy), making it difficult to determine which technolo-
gies are the cleanest.

Table 2 lists the heat rates of the technologies in terms of Btu/kWh,
representing the amount of fuel input required per kilowatt-hour of elec-
trical output produced. This can help you evaluate the fuel requirements
of a DER for a given output and hours of operation, as well as output-
based emissions in Ib/kWh, so you can choose the cleanest feasible tech-
nology for your facility. Note that renewable energy systems and fuel
cells have virtually no air emissions. Because overall system efficiencies
are higher, CHP systems also have lower emissions than DER systems
that do not utilize waste heat.

Keep in mind that any energy your facility generates usually dis-
places energy previously generated by some other source, so net emis-
sions are a key consideration. For example, if you install a wind turbine,
all the air emissions from the usual generation source (e.g., the local
utility), will be avoided for each kWh of energy the wind turbine pro-
duces. On the other hand, if you install a diesel engine, then it is possible
that net emissions will be greater, because diesels have higher levels of
some key emissions on a per-unit basis than most conventional utility
generation methods. Table 2 shows the average emissions for U.S. utility
generation, which is a mix of fossil fuel (coal, oil, and natural gas),
hydropower, nuclear, geothermal, and a few other sources. Noise will
also be a consideration in choosing a DER technology, because of the
proximity of the system to homes and businesses. Most urban and sub-
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Power Quality

The power generated by an electric utility starts out as a “clean” 60 Hz sine
wave, see Figure 1, but both utility and customer equipment can affect the pure-
ness (quality) of the power delivered to the user. Load and generation changes,
equipment switching, and electronically controlled loads can all cause significant
disturbances to the electrical waveform. Poor power quality can be merely annoy-
ing or it can adversely affect or damage sensitive loads such as computers,
adjustable-speed drives, and motors, disrupting important facility processes.

Symptoms of poor PQ include the following:

. Voltage sags and swells — the voltage is too high or too low for a period
of several cycles to several minutes, see Figure 2.

. Voltage spikes — sharp, randomly occurring pulses in the voltage, see
Figure 3.

. Momentary outage — complete interruption of power for up to 5 minutes,
see Figure 4.

. Harmonic distortion — variation from a pure sine wave as a result of har-
monic frequencies, see Figure 5.

Other signs of poor PQ are variations in the frequency from a constant 60
Hz noise (low-level random voltage variations), and unbalanced voltages and
currents between the three phases of the electric system.

How do you know if you've got PQ problems? You may see lights flicker
or go dim or bright. Motors can vibrate, make noise, overheat, or stall. Outages
are easy: everything goes black. Some symptoms are hard to detect, so you
might want to ask your local utility or a consultant to monitor your power and do
a PQ analysis for you.

If your facility has experienced any of these symptoms, first ask your local
utility or vendors about the solutions they could provide. In many cases, improper
grounding or problems inside your facility may be to blame; sometimes nearby
customers are the source of the problem. Because many utilities make no war-
ranties concerning power quality, you may need to consider installing PQ mitiga-
tion technologies. These include UPS, battery systems, storage technologies,
motor-generator sets, isolation transformers, voltage regulators, line conditioners,
filters, shielding and grounding techniques, and surge suppressors.
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Combined Heat and Power

Many types of distributed generation can provide useful and valu-
able thermal energy by capturing excess heat energy produced during
electricity generation and using it to heat or cool water or interior space.
The excess heat can also be used as energy input to an industrial pro-
cess, in lieu of burning fuel. This energy capture and reuse process is
known as combined heat and power, CHP, or cogeneration.

Some energy users require substantial amounts of heat, especially
for industrial, institutional and agricultural operations. In those cases, CHP
can save enough on fuel costs to substantially improve the overall eco-
nomics of DER installations.

Federal facilities that are likely to benefit the most from CHP appli-
cations include hospitals, prisons, R&D facilities, and industrial buildings.

Assuming that the combustion of fuel to produce heat (usually in a
boiler) is typically up to 85% efficient, each Btu of heat captured from the
distributed generator in a CHP process offsets the need to burn about
1.18 Btu of fuel. The incremental project cost for CHP is highly site-spe-
cific, but generally about $400/kW. This represents the estimated costs for
piping, heat exchangers, and engineering associated with installing CHP.
CHP system integration can sometimes be simplified at facilities that al-
ready have a central plant or a large mechanical room, thereby reducing
costs. And any site with a steam plant that runs at moderate to high
pressures might be able to use back-pressure steam turbines to generate
electricity cost-effectively.

CHP can also have substantial environmental benefits by reducing
air emissions from boilers or other processes that require heat input. This
fact may be helpful in obtaining permits from local air regulatory authori-
ties. Nominal values for avoidable boiler emissions are shown in Table 3
below. They are based on the leading data source for this kind of infor-
mation, the U.S. Environmental Protection Agency. In addition to nitrogen
oxides and carbon dioxide (NO, and CO,), boiler emissions can also in-
clude sulfur oxides (SO,), carbon monoxide (CO), volatile organic com-
pounds (VOCs) and particulate matter (PM). (Values shown in Table 3 are
representative of boilers currently in use that are the most likely candi-
dates for replacement by CHP, so they are somewhat higher than values
for newer, more efficient boilers.)
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Table 3. Avoided Boiler Air Emissions for CHP
Operation (pounds per million Btu)

NO, SO, CO CO, VOC PM

Nominal 0.14706 0.00059  0.0824 118  0.00539 0.00745
Best Reported 0.03137  0.0235
Poorest Reported 0.2745  0.0961

FEMP offers free CHP screenings to federal agencies; please contact your DOE
Regional Office representative for more information. Also, see the on-line CHP
evaluator at www.eren.doe.gov/der/chp/chp-eval.html.

Electrical Qutput: AC vs. DC

Virtually all electric systems in common use in North America today are 60
Hz alternating current (AC) systems. Some DER technologies —like engines and
combustion turbines—produce AC power directly and can be connected to the
electric grid or AC loads in a straightforward manner. Other technologies—like fuel
cells, photovoltaics, and wind turbines—produce direct current (DC) power, which
must be passed through a power electronics device, called an inverter or power-
conditioning unit, to produce 60 Hz output that can then be connected to AC
systems.

urban areas have noise ordinances, so mufflers or other sound attenua-
tion methods may be necessary. In addition, visual and aesthetic impacts
are sometimes a concern, requiring landscaping, enclosures, or other

measures.

What Fuels Should be Used?

Availability, price, and storage are the key concerns regarding the

fuel used to power your DER system.
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Diesel fuel is readily available at a reasonable cost; however, it
requires an on-site storage tank and periodic deliveries, and spills or
fumes are always possible.

Biodiesel fuel can be an alternative for diesel engine generator sets
in areas where it’s available. Biodiesel is made by reacting natural oils
and fats with an alcohol. It is generally distributed as a 20% blend with
number 1 or 2 diesel fuel. Biodiesel can significantly reduce CO,, SO,,
and particulate matter emissions, but it may increase NO, in some cases.

Natural gas is a cleaner alternative to diesel, and it is comparable
in terms of overall cost. In areas where gas utilities have pipelines, a gas
line extension may be required, at additional cost, but a storage tank is
not needed. If it is impractical or prohibitively expensive to run a gas
line, you may need gas delivery and a storage tank. Propane is another
alternative to diesel fuel, where natural gas is not available. Natural gas
and propane may or may not be cleaner alternatives to biodiesel; it
depends on the application.

Biomass—plant matter such as trees, grasses, agricultural crops or
other biological material—can also be used in place of some fossil fuels.
The most common forms of biomass used to generate electricity are the
residues from the food, fiber, and forest product industries. But munici-
pal solid waste facilities and sewage treatment plants can also produce
fuel to power DER technologies.

PV systems depend on the availability of sufficient sunlight in a
given area. By paying careful attention to the design and placement of the
solar panels, and adding energy storage batteries (typically, the deep dis-
charge type), you can maximize the potential of your solar installation.

Wind energy is also highly dependent on location, especially on
the average wind speed in a given locale and the daily and seasonal
variations in wind speed. Again, adding storage can pay off in terms of
the overall functionality of a wind system.

Hybrid systems, such as wind or PV plus storage and a small
diesel backup generator, may be necessary and cost-effective in situa-
tions where high reliability and/or stand-alone operations are required.

STEP 3: SCREEN THE TECHNOLOGIES

At this point, it is a good idea to perform a screening exercise to
eliminate DER candidates that are not really practical or feasible for your
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facility. This helps you make sure that there are no “showstoppers” to de-
rail your project, and that the economics of your choices are favorable.

For example, if natural gas is not available at your facility, a tech-
nology that requires it is clearly not the right choice. If air emissions are
strictly controlled in your area, diesel engines would not be acceptable,
either, and other fossil fuel technologies may be problematic, as well. Be
sure your choices do not stop the show in terms of making your project
a success.

You can also look at the barriers in Step 6 to see if any of them
would categorically rule out any of the DER options you have selected.
Then, you'll want to conduct an economic evaluation.

Some people balk at the high first costs of certain DER technolo-
gies, such as fuel cells and PV systems. Researchers are still working on
ways to reduce these initial costs to more competitive levels. However,
many DER technologies are life-cycle cost-effective in certain applica-
tions right now.

Federal facilities are required to perform life-cycle cost assessments
on all planned energy projects, because these assessments take into ac-
count the benefits of a project over its entire operational life. For ex-
ample, a PV system has a higher capital cost than a similarly sized
natural gas engine. But the PV system does not use fuel and can last up
to 20 years or more. The natural gas engine, in contrast, will use a lot of
fuel during its lifetime, which may only be a few years.

You can evaluate the cost-effectiveness of a DER system by com-
paring the lifecycle costs of your current energy usage scenario to the
scenario in which a DER system is designed, installed, and operated.

To simplify this process, DOE provides a building life cycle cost
(BLCC) economic analysis software tool, which is used to analyze the
life-cycle cost-effectiveness of energy technologies (including DER) in an
integrated facility environment. For more information on BLCC and
how to wuse it, see www.eren.doe.gov/femp/techassist/
softwaretools.html.

STEP 4: ACQUIRE RESOURCES

Line up resources you can call on for assistance—the earlier, the
better. These can include:

*  Process experts. Contact your DOE Regional Office (see FEMP’s
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web site for a list of contacts). Your Regional Office representative
can walk you through the process and help you work with regu-
latory agencies, utilities, energy service providers (ESPs), energy
service companies (ESCOs), national laboratories, and independent
consultants in your area.

Technical experts. Programs at DOE, FEMP, and the national labo-
ratories are staffed by many technical experts in DER. Your DOE
Regional Office representative can help you identify the people to
contact for assistance. You might also want to contact local utilities,
your state’s energy office, ESPs, ESCOs, consultants, manufactur-
ers, and equipment vendors yourself.

Financial support. In addition to direct appropriations, there are
two approaches that federal agencies can take to share the financial
risk of a project. They are utility energy services contracting (UESC)
and FEMP’s energy savings performance contracting (ESPC and Su-
per ESPC) programs. These contracts allow federal agencies to le-
verage private-sector financing to install energy improvements
when appropriated funds are not available. The utility or ESCO is
repaid for capital costs from the savings in the agency’s utility bill.
Participating local utilities and ESCOs can contract for installation.
Look for local utility rebates, tax credits, state or federal incentive
programs, and opportunities to partner with private-sector finan-
ciers, developers, and manufacturers as well; check the FEMP web
site for more information about SER funding opportunities.

FEMP DER Program. FEMP offers a variety of services to federal
agencies that are considering DER projects, including technical
assistance, alternative financing assistance, education, and out-
reach. See the FEMP web site and check with your DOE Regional
Office representative for more information.

STEP 5: DEVELOP A PROJECT PLAN

At this point, you should have a specific technology approach in

mind, designed to meet your facility’s energy needs. One of the first
things you will need to do is evaluate the feasibility of your DER concept.
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Feasibility. First, conduct a preliminary screening of your concept
to evaluate its cost-effectiveness. This step takes little time, requires
minimal data, and will help you decide whether to proceed with a
more detailed study. You can request assistance with this screening
from the DOE Regional Offices or from local vendors and contrac-
tors that specialize in the technology and application you selected.
If the preliminary screening indicates that the project will be cost-
effective, you can move forward with a full-scale feasibility study.
Again, your DOE Regional Office or local vendors and contractors
can assist you. You will need to reevaluate the cost effectiveness of
the project every time you add new costs and benefits. If the results
of the feasibility study are positive, you can then prepare a more
detailed project design. This design determines the specifications
stated in your request for proposals (RFP).

If the results of your feasibility study are positive, you can start

developing a plan to have your DER system financed, built, and in-
stalled. You will also need to complete the tasks below that apply to
your project. (For example, air emissions permits are not required for PV
systems.) These tasks should be done concurrently, because they are
largely independent of each other. Note, however, that permits and util-
ity connections can be costly; this could change the economic viability of
a project that looked promising in the feasibility study.

Financing. Explore financing options, using the resources de-
scribed in Step 4, where possible. Contact your State Energy Office,
DOE Regional Office representative, or local utility to see if any
incentive programs are available to help with the cost of your DER
system.

Air Permits. Apply for air permits from the local air resources
control board, as needed. Depending on the size, type, and poten-
tial impacts of your project, this can take up to six months for
technologies having emissions. Fees will be assessed to evaluate
the project, and will probably be proportional to the expected total
yearly emissions. See Step 6 for additional information on air per-
mits.

Utility Connections and Rates. Apply for interconnections with
local utilities. This includes electric interconnections for all DER
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projects connected to the utility, and gas line interconnections for
projects requiring gas at higher volumes and pressures than the
gas distribution system can provide. Typically, you will file an
application with the utility, providing basic information about the
proposed project and enclosing a nominal payment for processing
and review. You will be informed after a specified period (typically,
two to three weeks) whether a more involved study is required,
what it will include, what it will cost, and approximately how long
it will take (typically, about six weeks). This study will then de-
scribe the utility system upgrades (if any) that are necessary, what
they will cost, and when they can be scheduled. It is then up to you
to evaluate the cost in relation to your project’s total cost and pro-
jected savings, and decide if your project is still cost-effective. See
Step 6 for more information.

Utility rate impacts should also be investigated carefully. A new
DER system can change your facility’s energy demand and thus your
rate structure. Large, gas-fired DER systems have high, consistent fuel
demands, though you might be able to negotiate a lower fuel rate. Inter-
ruptible electric rates may provide cost savings if the DER system pro-
vides backup power. It is a good idea to look into anything that can save
money and improve the economics of your DER system.

STEP 6: ADDRESS POTENTIAL BARRIERS

As your project nears completion, you will need to work with
various entities to obtain permits, connect to the utility system, and
perform other activities external to your facility. Some of these activities
will require more time, effort, and money than you originally estimated
and may pose certain barriers you will have to overcome. This section
will help you identify potential project barriers; estimate their impacts
on your project in terms of additional time, money, and expertise re-
quired; and formulate plans and strategies to overcome or avoid them.

Overcoming Technical Barriers

These barriers relate primarily to your local utility’s electrical inter-
connection requirements, which are meant to ensure that your DER sys-
tem will not negatively impact the reliability, safety, and power quality of
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the electric grid system. Other technical barriers can include fuel avail-
ability or storage; space limitations; power quality impacts; fire, safety,
and zoning requirements; and operations and maintenance issues.

You can begin by finding a contact person at the utility and asking
for interconnection guidelines. Although the utility might not have es-
tablished formal guidelines or rules, someone there should be respon-
sible for handling interconnection requests.

Some utilities have expedited or simplified rules for certain types
of DER. For example, renewable energy systems producing less than 10
kW may require nothing more than an inspection by the utility. Larger
DER installations may require an engineering review, or even a full-
fledged study. A study can take a utility from two to six weeks to per-
form, and you will probably be required to pay the utility’s costs to
conduct it. The result may be that protective equipment or other hard-
ware must be installed, and you will be required to pay for that as well.

How can you tell if the utility’s demands are appropriate for your
specific installation? And how do you make sure that the process is
handled with a minimum of delays? Here are some tips:

e  Find someone to be your point of contact at the utility and main-
tain this throughout the process. A recent study, Making Connec-
tions: Case Studies of Interconnection Barriers and their Impact on Dis-
tributed Power Projects (see www.nrel.gov/docs/fy00osti/
28053.pdf) found that this was a consistent factor among projects
that reported timely progress in obtaining interconnections.

*  Ask the utility contact for proper application forms, and make sure
you understand the technical data they are requesting. You or the
contractor will have to provide these data when applying, and you
may need to contact equipment vendors or other resources to ob-
tain the data.

*  Ask the utility to specify how long it will take to process the ap-
plication, and what fees must be submitted with it.

e  Utility commissions in some states have established regulations
specifying the interconnection process. Find a contact person at
your state’s utility commission and ask for any guidelines or rules
that apply. Also, ask whom to contact for dispute resolution, if that
becomes necessary.
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Requirements for smaller DER systems should be easier, especially
those for renewable energy systems. For installations under 10 kW,
requirements are often minimal to none, particularly for renewable
energy systems. For systems up to 100 kW, a study is likely to be
required, but it should not take more than a few hours for the
utility engineer to determine impacts, and interconnection require-
ments should not be great. Above 100 kW, the impacts on the util-
ity system can be significant, so more study is likely to be needed,
and interconnection costs are likely to be higher.

If the DER will be used for on-site power requirements only, and
no power will be exported or sold back to the utility, the intercon-
nection requirements may be different from those for an exporting
condition. For safety, utilities will require that the DER systems
have protection equipment that will disconnect it if the utility sys-
tem shuts down.

If the utility has an interconnection handbook, as many do, it will
specify the process and requirements, both for the utility and for
the DER applicant. It should also specify time limits for various
steps in the process, and what costs must be borne by the appli-
cant.

Some utilities have expedited rules for “certified” DER equipment,
i.e., systems that have been tested and approved for use on the
utility’s distribution system.

The Institute of Electrical and Electronics Engineers (IEEE) is de-
veloping a standard, labeled P1547, for interconnection of DER
facilities; although it had not yet been approved by the date of this
publication, many states are adopting similar rules. If your facility
meets this proposed standard, this should expedite the process.

If possible, find out what other facilities in your utility’s service
area have done or are considering in terms of DER projects. Other
facility managers may be able to offer you valuable advice based
on their own experiences.

If your DER project involves the use of natural gas or propane,

don’t forget to contact your local gas utility if it is not the same as your
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electric utility. Your gas utility may have additional or different require-
ments and procedures for implementing DER projects.

Overcoming Regulatory Barriers

Moving to the operational stage in a DER project means obtaining
numerous permits and approvals. These can be economic as well as
regulatory barriers, because time, effort, and money go into overcoming
them. Because many permits require fixed fees regardless of the size of
the DER project, the impacts on smaller projects can be greater than
those for large projects. The Making Connections study documented nu-
merous cases in which the economics of small projects were seriously
impacted by the costs of meeting regulatory permitting, where such
costs were a smaller percentage of larger projects.

Other barriers arise because of utility regulations. Standby charges
are assessed because the utility is obligated to serve your load if the DER
is not available, and the utility must maintain adequate distribution
facilities. Exit fees repay the utility for distribution facilities already built
that are “stranded” because your DER reduces the utility’s return on
investment. Similarly, regional transmission charges may be assessed for
stranded transmission assets. Ask the utility what charges apply in your
case.

Environmental permitting (primarily, obtaining an emissions per-
mit) is probably the single most arduous and costly task in getting a
DER on-line. Contact your state or local air quality management agency
in charge of enforcing air regulations. Ask them the following:

o What are the air emission regulations in my area?
e  How do I apply for an emissions permit?
e What data do I need to supply?

e What are the fees for the permit? Typically, fees are proportional to
the expected amount of annual pollutants. Renewable systems and
fuel cells should require minimal permitting, because they have
virtually no emissions.

For most states, air permit requirements and the required forms are
available on the Internet.

Note that even if the DER displaces an older, less efficient or more-
polluting source, it may be treated as a “new source” and be subject to
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much more stringent emissions requirements. Some states make an al-
lowance for the emissions reduced by using CHP, which could make
permitting requirements less stringent. However, most states do not
make such an allowance, so be sure to ask the air regulatory agency
whether CHP allowances are given in your state.

Land use or conditional use permits may be required by the local
city or county government, and will depend on zoning regulations gov-
erning the site. Find a contact at the local planning department and ask
your contact what permits are required, what the requisite fees are, and
what the application process and schedule are. A public hearing might
be required, which is also an excellent opportunity to make a positive
presentation on your project to win local support.

It is often possible to require a contractor to obtain all the studies,
permits, interconnection agreements, and other requirements as part of a
turn-key design/build/operate contract. You can explore options for
such a contract when considering financing alternatives. Ask potential
DER developers what options are available and appropriate for your site.

STEP 7: INSTALL AND OPERATE YOUR DER!

Now you are ready to build and operate your new DER system.
Congratulations! You are adding an important new energy source to
your facility that will bring many benefits to your operations and im-
prove your bottom line.
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GLOSSARY OF TERMS

AC
Btu
CHP
CcO
Cco,
DC
DER
ESCO
ESP
ESPC
IEEE

interconnection

inverter
kV
kW

kWh
MW

NO
O&M
PCU
PM
PQ
PV
SO,
UESC
vVOC
volt
watt

alternating current

British thermal unit(s)

combined heat & power

carbon monoxide

carbon dioxide

direct current

distributed energy resources

energy service company

electric service provider

energy savings performance contract
Institute of Electrical and Electronics Engi-
neers

the physical connection of distributed energy
resources to the utility system in accordance
with prevailing regulations and standards, so
that parallel operation can occur

a machine, device, or system that changes DC
power to AC power (see IEEE Standard 100)
kilovolt(s), an amount of voltage equal to one
thousand volts

kilowatt(s), an amount of power equal to one
thousand watts

kilowatt-hour(s)

megawatt(s), an amount of power equal to one
million watts

oxides of nitrogen

operation and maintenance
power-conditioning unit; an inverter
particulate matter

power quality

photovoltaic(s)

oxides of sulfur

utility energy services contract

volatile organic compounds

unit of electric potential

unit of power
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Select method of payment: AEE ENERGY BOOKS
0 CHECK ENCLOSED TO ORDER BY PHONE TO ORDER BY FAX

[J CHARGE TO MY CREDIT CARD
[ VISA [J MASTERCARD [J AMERICAN EXPRESS

Use your credit card and call :

(770) 925-9558

Complete and Fax to:

(770) 381-9865

CARD NO.

Expiration date Signature

Must be prepaid in U.S. dollars and must include an additional charge
of $10.00 per book plus 15% for shipping and handling by surface mail.

INTERNATIONAL ORDERS




