DISTRIBUTED GENERATION — locating electricity
generators close to the point of consumption —
provides some unique benefits to power companies and customers that are not available from
centralized electricity generation. Distributed
power technologies are inherently modular, and
include natural gas, fuel cell, cogeneration, and
renewable energy systems. The term “distributed
resources” includes modular power technologies
and nongenerating demand-side-management
(DSM) measures, such as energy efficiency
improvements, that reduce the load at the

distribution level of the transmission and
distribution (T&D) grid.
Photovoltaic (PV) technology is well suited to
distributed applications and can, especially in
concert with other distributed resources, provide
a very close match to the customer demand
for electricity, at a significantly lower cost than
the alternatives. In addition to augmenting power
from central-station generating plants, incorporating PV systems enables electric utilities to
optimize the utilization of existing T&D assets.

MAINFRAMES VERSUS NETWORKS

T

he recent growth in popularity of distributed generation is analogous to the historical evolution of computer systems. Whereas we once relied solely on
mainframe computers with outlying workstations that had
no processing power of their own, we now rely primarily
on a small number of powerful servers networked with a
larger number of desktop personal computers, all of which
help to meet the information processing demands of the
end users.

Central Generation

Figure 1, below, shows how a traditional, central-station
generating system looks before and after the addition of
distributed resources to the power grid. While the central
generating plant continues to provide most of the power
to the system, the distributed resources meet the peak
demands of local feeder lines or major customers. Computerized control systems, typically operating over telephone
lines, make it possible to operate the distributed generators
as dispatchable resources, generating electricity as needed.
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Figure 1. Distributed generation involves adding small, modular electricity generators throughout the distribution grid to augment the
electricity supplied by a large, central-station power plant.

THE NEED FOR DISTRIBUTED POWER

I

t is much cheaper and easier to meet a growing local
demand for electricity by adding new generators close
to the load than by adding transmission capacity. This
is partly because of the lengthy permitting process required
for new transmission lines. Modular power plants — using
natural gas or solar resources, for example — can be approved
and sited close to a new load in a matter of months, versus
several years for transmission line upgrades. Transmission

networks are also inherently expensive to build and maintain. According to the Pacific Gas and Electric Company,
some utilities spend $1.50 to distribute power for every
$1.00 they spend producing it, a perspective that is
supported by data from the Energy Information Administration. The benefits of distributed power systems are
summarized in the text box, below, with an emphasis on
PV systems.

NATURAL GAS — A BRIDGE TO A RENEWABLE ENERGY FUTURE
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PHOTOVOLTAICS — CROSSING THE BRIDGE

N

atural-gas turbines are currently favored for distributed generation, and PV power systems have many
characteristics in common with gas turbines. Both
are clean, relatively quiet, and don’t require on-site storage
of fuel or waste, which makes it feasible to locate the systems at, or close to, the point of electricity consumption.
They can be ordered and brought into operation relatively
quickly, making them easier to finance in a competitive
environment. And they are modular, so adding capacity
as demand grows at a given location is relatively straight-

forward, reducing the need to install excess capacity just to
handle uncertain future loads.
The two systems are not fully comparable, however. Unlike
natural-gas turbines, PV systems are completely noiseless,
emit no greenhouse gases or other atmospheric pollutants
in operation, and don’t require fuel delivery. While natural
gas is dispatchable and generally more cost-effective, PV
can have the upper hand when aligned with complementary
distributed resources, as the Mazama Feeder case study
(overleaf) illustrates.

FOCUS ON WASHINGTON STATE — THE MAZAMA FEEDER

W

hen local demand for electricity threatens to outstrip the carrying capacity of the T&D system,
the power provider is faced with the choice
between upgrading the power lines or finding an alternative
method to meet the growing demand. This is the case with
the Okanogan County Electric Cooperative (“Co-op”), which
serves 2100 members in Washington state.
One of the Co-op’s feeder lines serves customers in the
Mazama Valley, a relatively isolated community that currently accounts for less than 15% of the Co-op’s total
electricity consumption. But almost half of the Co-op’s
increase in demand is occurring on this one feeder,
primarily due to new residential customers. The planned
addition of 1000–1500 homes in this area would increase
the load on the Mazama Feeder by as much as 500%, a
load it could not handle.

upgrade altogether, and saving the utility money. The technologies would need to be applied as follows:
❏ Efficiency — Moderate energy efficiency in all 1500
new homes, including insulation, fluorescent lighting,
high-efficiency refrigerators, and propane clothes dryers.
❏ Cogeneration and district heating — Propane-based
district cogeneration for 1000 homes, generating 2 MW
of electricity and saving the Co-op’s customers 20% on
the cost of electric heat.
❏ Propane space and water heating — Provided by the
Co-op at a reduced rate to the remaining 500 homes.
PV
— The Co-op would waive the system access fee
❏
for homeowners installing a 1 kW or larger PV system;
assuming one out of every three homes took up this
offer, total generation would be 0.5 MW.
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The Mazama study and other utility-oriented PV publications are available
on the NCPV Web site at: www.eren.doe.gov/pv/onlineutil.html
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“Who's afraid of natural gas?” by Walt Patterson. Renewable Energy World,
January 1999.
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Distributed resources: A potentially economically attractive option to satisfy
increased demand on Okanogan County Electric Cooperative's 'Mazama Feeder'
line by Thomas E. Hoff. Clean Power Research, October 1998.

Additional copies of this brochure are available on the internet at
http://www.nrel.gov/ncpv/pdfs/23398a.pdf
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Figure 2. Distributed resources provide a close hourly match between electricity demand and supply
years has a present value
during both winter and summer months.
of only $1.1 million. In an
effort to find a viable alternative for the Co-op, the National
Cogeneration would be higher in the winter months when
Renewable Energy Laboratory (NREL) commissioned a
there are both space- and water-heating demands, and
study to evaluate the technical and economic feasibility of
would substantially reduce the peak winter load on the
using distributed resources to satisfy the increased demand.
feeder. PV produces more electricity in the summer,
addressing summer peaking needs.
The NREL study found that a combination of three measures — energy efficiency improvements, PV, and cogenThe combination of these distributed resources was found
eration of heat and electricity with propane — could provide
to have an NPV of $0.2 million, which means that the
a very close match between electricity supply and demand
Co-op could save $1.4 million by choosing distributed
year round (see Figure 2), avoiding the need for a line
resources over a line upgrade.
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