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AN ECONOMIC EVALUATION OF DISTRIBUTED ELECTRICITY
GENERATION TECHNOLOGIES

Alexander Mészéaros

ABSTRACT

Distributed generation, the small-scale productadfrelectricity at or near customers' homes and messes, has
the potential to improve the reliability of the pemsupply, reduce the cost of electricity, and loemissions of
air pollutants. The high price of electricity inrt@n regions and problems with emissions from pldewer
plants have stimulated interest in alternativesréalitional utility-supplied power. Distributed geration could
provide benefits in all of those areas. Energydtion will encourage wider use of distributed geation. This
paper explores the context in which policymakery i@ addressing distributed generation issues éribar

future.

1. INTRODUCTION

Distributed generation can come from conventiorahhologies, such as motors powered by naturabgas
diesel fuel, or from renewable technologies, suwhaar photovoltaic cells. Over the past two desadeclines
in the costs of small-scale electricity generatioicreases in the reliability needs of many custsmand the
partial deregulation of electricity markets havedealistributed generation more attractive to bussiae and
households as a supplement to utility-supplied po®eme policymakers believe, however, that varialss,
restrictions, and prices set by utilities, regulatoor administrative bodies do not reflect the aebnomic
benefits of distributed generation and act as éexrio its cost-effective adoption and operatiomose barriers
could be lowered significantly by clarifying andstlardizing the rules for connecting distributedegators to
the electricity supply network (the grid) and bytisg prices for basic electricity services (accesthe grid, the
electric power itself, and the transportation @tthower) that reflect their costs.

If the new rules and prices are well designed,dbst of providing highly reliable electricity secei to
customers who desire it and the total cost of sgnall customers will probably fall as distributgdneration
becomes more widely used. But initiatives to redo@eiers to widespread adoption have costs akd, nighich
will pose a challenge to electric utilities, regoly bodies, and other public agencies that muselde and
enforce the rules governing interconnection andbdish prices for electricity from those new sosroé power.
If customers are allowed to connect their distelougenerators to the grid without adequate safegudine
overall performance of the electric system cannyeaired. Changes that can promote cost-effectistilolited
generation, such as the adoption of economicaliynd@ricing, may increase rates for customers whoeatly
pay prices that are below the utilities' costspiaviding service. If the new rules and priceserly designed,
the changes that benefit distributed generatotsraige the overall cost of electricity and increaates to most
other customers. Aside from those risks, sepaeatenblogical and regulatory changes that wouldifsogmtly

lower the future cost of utility-supplied electtici(for example, additional cost reductions in Esgeneration
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technologies and extensive competition in wholesadgkets) could lessen the attractiveness of soeve n
investments in distributed generation.

To investigate those issues, this paper addressegjfiestions. What are the current status of aospects
for distributed generation technologies, partidylan terms of their costs as compared with thoseitdity-
supplied power? What are the benefits and riska wfider adoption of distributed generation in nestured
electricity markets? What specific utility practicéocal government regulations, and electricifgipg methods
may be acting as barriers to adoption? And whaggygf policy changes could help reduce those barviile
limiting the downside risks of greater reliancedistributed generation? Although many of thosegyotihanges
could be the concern of state and local authoritieis paper highlights the federal role--particiylahose

aspects that might receive legislative attention.

2. THE CURRENT STATUS OF AND PROSPECTS FOR DISTRIBUTED GENERATION

Distributed generation is an important, althoughalinrcomponent of the nation's electricity supphhe
principal source of electricity today continuesbi® large central facilities that generate eledfriiom steam
plants (fueled by coal, natural gas, or nuclear ggdwand hydroelectric power. Historically, mostasteplants
were operated by large investor-owned utilities thare responsible for generating electricity, sraitting it
from the central generating facilities to commuesti and, in many regions, distributing it to retaistomers
within those communities.

Among distributed generation technologies, the mogtortant in terms of their capacity to generate
electricity are customer-owned generators that yredboth electricity and steam for on-site uselédal
combined heat and power, or cogeneration) and emeygbackup generators. Together, those two sources
account for more than 95 percent of the customereahgeneration capacity. For the most part, themegtion
plants that have been built to date are largeifi@silthat sell the majority of their output toliti@s.

Natural gas fuels most of those plants, but codll@iomass also power a significant percentage eotatal
capacity. Most backup generators are internal catidru engines fueled by diesel oil or gasoline.sBidired
backup generators are commonly used in high-risielibgs for safety reasons (as required by localding
codes), in hospitals, and in manufacturing faetitthat depend on a highly reliable supply of power

Renewable technologies that are currently use@teigte electricity at homes and businesses inelua®
turbines and solar photovoltaic systems. Thosentdolyies produce electricity intermittently and geally are
not available to operate continuously. Fuel cellsl amall turbines (called microturbines) are freglye
mentioned, newly emerging high-efficiency technasg Although they account for very little of thation's
existing electricity supply, proponents believeythell contribute significantly in the future.

Four developments over the past decade have spimest in moving distributed power beyond the
limited markets that it now serves and integrattngore fully into the nation's electricity suppblyirst, the costs
of renewable technologies and high-efficiency tethgies that are suitable for operation by housdheaind
small businesses have fallen. Typical costs oftedéy from certain distributed generation systears now
within range of those of electricity from large geators, and they are below the average priceteofrieity in
some regions of the United States (see Fig. 1908k the introduction of competition to wholesalectricity
markets has increased the possibilities for sdlesistomer-owned distributed power. Those newly getitive
markets feature prices that vary hourly and that lsigh during periods of peak demand (times at whic
distributed generators would be most profitableperate). Third, many commercial and industrialt@uners
place increasing importance on highly reliable teieity service, which can be provided by on-siengration.
Fourth, building new transmission lines to meetwgng demand has been a contentious issue for Istatk,
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and federal regulators and among power produceidgenédoption of distributed generation can in saases
obviate the need for new transmission capacity.
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Fig. 1. Levelized Cost of Selected Technologies Suitable for Distributed Generation
Source: Congressional Budget Office using dataextrecity prices from Department of Energy, Enemgformation Administration,
Electric Power Annual 2000August 2001).
Notes: CHP = combined heat and power (also knowrogsneration); ICE = internal combustion enging&.N- New England.
The levelized cost is the average cost of eletfrigients per kilowatt-hour) over the operating Idf the generation equipment. Future
costs and output flows are discounted at 7 perfcemt their present values. The cost estimates asshat the systems powered by fossil
fuels will be operated 90 percent of the time amat the wind and solar photovoltaic systems will AD percent and 27 percent of the
time, respectively. Levelized cost comparisons aioimclude the effects of tax credits or other clirubsidies for specific technologies.
"Large wind turbine" is not included in the figufeecause it is not generally considered to be swgted to distributed generation
applications (typically, it is not located near trunsers).
a. In a combined-cycle system, a combustion turliéneperated in tandem with a steam turbine. Tistesy is included here as a
benchmark for the cost of power from new largeesag@nerators. Transmission and distribution exgengrild add an estimated 2.4
cents per kilowatt-hour, on average, to the matgiost of delivered power.

Those developments have prompted discussions abmg distributed generation differently from havisi
typically used today. Rather than just servingrasrgency backup or exploiting large commercial cegation
opportunities, small generation systems could dpemegularly. Customers could use distributed gatimaT to
meet most of their on-site requirements while regyon the grid as a source of additional powerasien outlet
for excess power that they might generate. Utdlitthat distributed power to retail customers coutsk
distributed generators to meet local peak loadeg@mption) or to provide highly reliable electrycgervice to
customers that required it.

Conventional fossil fuels, such as natural gasdiaesel oil, power the most common distributed gatien
technologies, and they are likely to account forsmof any growth in distributed generation that rapes
regularly and is connected to the grid. Renewableces that produce electricity intermittently, @splly wind
and solar, will be used more if customers can oslythe traditional utility system to eliminate dit$ and to
absorb excesses from on-site power production.

3. THE BENEFITS AND RISKS OF DISTRIBUTED GENERATION

Nonutility owners of distributed generation unitsutd individually benefit from structural changdsmat
allowed their power generation activities to beegrated with those of utilities. By spreading thepital costs
(the costs of acquiring and installing the genaratiinit) overan increased number of operating hours, they
could lower their average generation costs. Thayidcalso earn revenues from their sales of eléttrio
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utilities or other customers, further improving tteturns on their investments in distributed geti@na But the
economy at large might also benefit from a moreesfiiead adoption of distributed generation teclyieto
Such adoption would lower the overall cost of gleity for all customers, enhance the reliabilitytbe power
supply, reduce the need for transmission and digidgn investments to serve growing demand, andaug
environmental quality through the increased useéwable energy sources and fuel-efficient tecigies.

If distributed generators are operated in situation which their costs are lower than those of redigt
supplied power, the overall cost of supplying eleity will fall. Those situations often occur dag periods of
peak electricity use (at certain times of the dageasons of the year). At those times, relatigetgll reductions
in demand for utility-supplied power (if the ownest distributed generators produce additional elgity for
their own use) or increases in the utilities' syp( the owners produce additional electricity feale to the
utilities) will reduce wholesale prices considesalithe availability of additional electricity dugrpeak periods
may help enhance the reliability of the power syppl further benefit of increased supply and fletiijp in
demand on the part of owners of distributed gepnesatvould be a reduction in electricity price voigt
(because extreme price spikes would be eliminated).

Distributed generation could also encourage efiicisvestments in electricity reliability by offeig a cost-
effective alternative in many situations to consting new transmission and distribution power lirsesd
transformers. Those investments might make thdralesystem more secure and less vulnerable tospidad
service disruptions. In addition, a healthy disitdd generation industry could put competitive pues on
transmission utilities to expand service and redum@estion.

Changes that generally facilitate the integratidrcaestomer-owned distributed generation with the gr
could also encourage the adoption of specific retdsvenergy and high-efficiency technologies, idiig solar
photovoltaic systems, fuel cells, and microturbin®hifting to sources of electricity that made geeaise of
nonfossil fuels or less-polluting forms of fossikfs or that made more efficient use of conventifunals might
produce regional and global environmental benefits.

The widespread adoption of distributed generatexhnologies poses risks, however. The reliability o
power to all customers might be diminished ratt@mtbolstered if the operators of electric systéonsd it
difficult to manage a much greater number of pos@mrces--suppliers that were adding electricitgrtdrawing
electricity from the grid at will. Equivalently, ¢hretail price of electricity could rise if ratemayfunded
investments were necessary to maintain power guélitd operation of large numbers of small customened
generators--especially those fueled by diesel auil#d be detrimental to local air quality. Finallgporly
designed policies to encourage distributed germratiight bring unexpected costs. In particulaed#lizing the
rules that govern the connection of distributedegators to the grid under traditional regulatorytimes of
electricity pricing (whereby utilities set powerteéa to recover past costs and earn an allowednreturcapital
investments) could encourage some customers tostinmedistributed generators whose power was more
expensive than new, centrally supplied power. Thatome could increase the overall cost of elatyrio the
utilities' remaining customers (ones who did nagrape distributed generators).

Increased competition in wholesale electricity neégskand reforms in retail electricity pricing could
significantly reduce the number of situations iniath distributed generation was profitable to owners
Competition in wholesale markets could lower eleityr prices to the point at which many investmeirts
distributed generation would no longer be attractiwidespread application of real-time pricing, ethcould
provide incentives for the operation of distributgdnerators, could also end up making many of them
unprofitable. Real-time pricing and other tariffaté schedules) that encouraged retail customevartotheir
demand for electricity in response to price chargmsgd significantly lessen price volatility as wak average
prices. That result would reduce the number of siquar year that many distributed generators copktaie
profitably.
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4. BARRIERS THAT IMPEDE WIDESPREAD ADOPTION OF DISTRBY
GENERATION

Proponents of distributed generation argue thatifségnt barriers impede the widespread adoption of
distributed generation technologies. Most, if niitaf those barriers are related to the risksccigarlier. They
include utilities' pricing and operational practcand local governments' rules about reliabilitg aafety, cost,
or environmental quality. A common theme of the ptamts against those practices or rules is they tesult
in restricted access to the grid and protect tligieg' current investment in central generatiapacity and
transmission lines.

Four types of barriers are frequently cited. Thestfitype is contractual and technical interconmecti
requirements for the installation of protective ipgoent and safety devices to protect the grid arsliee power
quality; distributed generation proponents argua those requirements are often duplicative, exeessnd
time-consuming. The second type is surcharges iethby utilities on operators of distributed generatwho
are still utility customers) for standby servicepponents contend that those surcharges often tdeefiect the
actual cost of the service and do not give cretlittie ways in which distributed generation besetite grid.
The third type is pricing of electricity that isdsl on the utilities' average cost rather tharr tiairginal cost
(the cost of supplying an additional unit of elesty). Proponents contend that average-cost pyicdoes not
give owners an incentive to operate their distedugienerators during periods when doing so willdothe
overall cost of electricity. The fourth type is @mnmental and permitting requirements of local gowments,
which, in the proponents' view, broadly restria thstallation and operation of electricity-gengrgtequipment
or impose burdensome approval processes on apiglican

Achieving the potential cost and reliability bemgffrom widespread adoption of distributed generati
technologies may depend on retail competition ametstricted customer choice. The competitive pamsdtiof
many utilities are already weakening with the ngstring of wholesale electricity markets and irmsed use of
the most widespread form of distributed generafmwgeneration for customers' own use and for saldhe
utilities). Broader adoption of distributed gen@matby customers could be an important part of whany
analysts believe will be the next level of markestructuring--the introduction of retail competitioSuch
competition would give customers the ability notyoto choose their electricity suppliers but alsoelect to
generate electricity on their own.

5. POLICY OPTIONS

The barriers that certain industry practices andegumental rules present to customers' potential
investments in distributed generation could be legen two general ways. One would be to standardizd
clarify the rules and procedures governing thealfetion and operation of distributed generatord #meir
interconnection with the grid. That approach costdeamline the approval process and help to reduce
uncertainty about the requirements and costs optiante. The second would be to set the pricesapatators
of distributed generators pay and receive for gleqtower, connection to the grid, and transmisséont
distribution services at levels consistent with #wotual costs borne by utilities to provide thosevises. That
change could give customers incentives to install @perate distributed generators at a level timatldvhelp to
ensure the lowest cost of electricity for all cuséws. Specific changes would require utilities gogernment
agencies to:

1. Grant nondiscriminatory access to the grid undsysiem of well-defined, uniform technical and
contractual terms and cost-based interconnecties-fgo that operators would know in advance
what was required to run their distributed genesasd the same time they were taking power from
or supplying power to the grid;
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2. Establish clear, explicit rates for standby elettyi service that are based on the cost of the
equipment utilities require to meet infrequent dediaso that operators of distributed generators
would know those surcharges in advance and recateetreatment comparable to that of regular
customers;

3. Purchase excess power from operators of distribg&terators at prices consistent with utilities'
wholesale cost of power in real time in circums&mdn which no competitive markets for
distributed generation power exist--so that opesatould sell their power at prices consistent with
the savings to the utilities;

4, Establish real-time pricing for utilities' sales tetail customers based on the wholesale price of
electricity as it varies over time and across dgijvlocations--so that operators of distributed
generators could decide on the basis of marketigmhether to purchase or generate power; and

5. Develop uniform national environmental standards déstributed generation that would allow
precertification of equipment--so that manufactsiresuld design units to national specifications and
distributed generators would not need to qualiffaarase-by-case permitting basis.
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