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DISPERSED VS TRADITIONAL GE NERATION

New technologies a re going to have a significant impa ct on the
elect ric utility industry in the coming years. Suc cessful comme rcial­
ization of adva nced power supply technologies will usher in "dis­
persed gene rati on" or DG as an alternative to the convent ional cen­
tral st at ion power plants that now dominate the electr ic utility indus­
try.

A DG power supply expans ion strategy will allow sit ing of many
smaller gene rating units close to the load. In fact , these rem otely
dispatched, unmanned gene rating units will probably be located right
at the substat ion and look more lik e substat ion equipme nt than gen­
erati ng facil iti es .

The ability to si te sma ll-scale DG units close to the cus tome r can
improve the reli ab ility of delivered service and promises new options
for managin g indust r ial and comme rcial load s through tail ored en­
ergy se rv ices . These will be important factors for rural elect ric sys ­
tem s, especially those that are experiencing load grow th at the end of
lon g feeders, or those trying to attract new commercial or industrial
load s with specia l power quality needs .

Locating small DG un it s near or in an existing distribution sub­
st atio n could al so defer cost ly transm ission and distribution up grades
and improve the efficiency, operation, and managem ent of the distri ­
bution syste m by facilitating load shifti ng and provi ding voltage and
power quality support .
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A number of techn ologies will find thei r way into dispersed gen­
erat ion applications . Internal combust ion engines, gas turbines, ph o­
tovolt ai cs , and win d power are all candidates. In fact gas engi nes,
diesels and gas turbines are already widely used for peaking and
intermediate service applications. But th e most exciting deve lopment
wit h regard to the via bility of disper sed gene ratio n in the utility
industry is the emerge nce of fuel cells as baseload power plants in
sma ll sizes ran ging from 200 kW to 2 MW and perhaps larger.

Trem en dous techn ical strides have been mad e in the last decad e
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A "Concept" Illustration-Six 200-kW Fuel Cell Units are Arranged in a
1.2 MW Distributed Generation Configuration.

in the developmen t an d comme rcializat ion of fuel cells. In fact , t oday
small phosphoric acid fuel cells (PAFC) rated at 200 kW may be
purchased from International Fuel Cells (lFC), a division of Un ited
Technologies Corpor ation .

These units a re full y warranted by ONSI, IFC's manufacturing
corporat ion for ope rat ion on ei ther natural gas or propane. The mar­
ket en t ry price is $3 000/kW, but IFC's goa l is to offer $1500/kW or
less within three years . It is a reali stic goal that is predi cated upon
the expected production increase as well as modest engineering im­
provements. These fuel cell s offer high effici ency, compact size, very
low emiss ions, modular factory con struction , sho r t power plant lead
times , an d good load -followin g capability.

NRECA's RER program has s igne d an agreeme nt t o purchase a
200 kW model PC25C fuel cell power plant fr om IFC's ONSI cor pora­
ti on . Deli very will be in March of 1996, an d the unit will be rotated
a mo ng four RER mem ber syste ms over the next several years for an
evaluation of di sp ersed gene ration in act ual co-op ap plications.
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J ust around the corner are more advanced vers ions of fuel cell
power plants that will be coal compa ti ble and will offer the high est
efficiency and lowest emissions of any coal-fire d opt ion . Among these
a re the molten ca rbonate fuel cell (MCFC), whic h is expected to ente r
the commercia l market by the end of the decad e. It is a more efficien t
fuel cell, offering potent iall y lower cost than the ph osphori c acid tec h­
nology, Bu t its economics favor a larger size- in the range of 2 MW,

Two suppliers, ]\,IC Power and En ergy Research Corporatio n, a re
compet ing to introduce the molten carbonate fuel cell power plant,
Cost is expected to be aro und $1000/kW for natural gas-fue led power
plants . Thi s techn ology is presently in the demonstration stage of its
developm ent . NRE CA's RER program , EPRI, and six othe r spons ors
are funding a 2-MW dem onstration of the ERC power plant a t the
City of Santa Cla ra Municipal Utility in Ca liforn ia , Cons t ruction
comp letion and power plant commiss ioning are expected by the end of
1996 , wit h opera ti on for two years beginning ea rly next year .

Also , towa rd the middl e of th is next decad e, we expect to see the
third gene rat ion of fuel cell power plants become commercially ava il­
able. Th is is t he solid oxide fuel cell, whi ch potentiall y offers t he
high est efficiency and lowest cost of the three. Under developm en t by
Westingh ouse, it is envisioned to serve the utili ty market in the 10- to
50-l\IW size range . Westi nghouse is now at the point of talking to
uti lities, a nd to th e RER program in particul ar , abo ut part icipation in
a dem onst rati on project The relat ive efficiencies of the va rious op­
ti ons are compared in the figu re.

And t he idea of a fuel cell power plant sma ll enough to provid e
elect ric ity and hot water to an individu al residen ce cannot be di s­
missed. Ball ard Power Systems in Vancouver, British Columbia, is
developing a proton exchange membrane (PEN!) solid polym er fuel
cell that is curre n tly being eva lua ted by Daimler-Benz AG as the
power plant for buses and mini van s, Ball ard has developed a 10-kW
P El\1 sys tem that uses natural gas and might ultimately be suit able
for residen ti al or multi fam ily dwe llings . Commercializ ation is movin g
ahead wit h the help of Dow Che mica l and a number of othe r indus­
t ria l pa rtner s .
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Dispersed Generation Performance Comparisons
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Ballard Power System's lO-kW Proton Exchange Membrane Solid Poly­
mer Fuel Cell.
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DG LOWERS FINAl'-rCIAL RISK

On e key poin t should be emphas ized with regard to the ben efit s
of fuel cell power plants in rural elect ric applications. Whereas other
DG technologies have for the most part been used for peaking or
interm edia te serv ice, fuel cells will be highl y efficient baseload units
tha t can be ordered from the factory in increm ents rangi ng from 200
kW to seve ral megawatts . Th at will permit co-ops to work their way
up the load growt h curve in sma ll steps .

Compa re the advantages of th is approac h with our past chal­
len ge of buying increm ents of power in the sev eral hundred-megaw att
ran ge and then trying to man age the excess capaci ty economically
until it is needed , As shown by the shaded areas in the figure, the
crit ica l source of most of the rural elect r ic progr am 's past fin anci al
problem s could be eliminate d .

DG AVAILABILITY

There is an importan t point to keep in mind wit h regard to
distributed baseload generation , Large centra l stat ion ba selcad power
plants a re designed to meet load with a certa in availa bility level.

Central Station vs Dispersed Generation Expansion
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Th at will a lso be true with baseload DG units as well. To date, the
PC25 fuel cell power plan t operating hi story has dem onstrated that
on an annual basis the lost hours caused by forced and mainten an ce
outages is no more than 2 percen t . Th e compa rable data for internal
combus t ion engi nes has been 7 percent and that for gas turbines 11
percent.

The low un sch eduled outage hours resu lt in a high overall power
plant avai la bility from installation of PC25 power plants since the
pr obability of multiple units being down at any one time is qu it e
small. From a sys te m point of view, the low unsch eduled outages
mean that sma lle r reserve capacity margin s are needed to provide a
level of power avail ability to a specified load .

Th e impact of this is illustrated in the figure, wh ich plots the
reserve cap acity margin versu s the number of ins talled units. Reserve
capac ity margin is defin ed as the reserv e or excess gene rati ng cap ac­
ity that mu st be install ed to meet the power availa bility requirem ent
divided by the gene rat ing cap acity that must be in st all ed just to meet
the requir ed load. Th e curve is plotted for outage factors of 0.02, 0.07 ,
and 0.11 representative of the PC25 fuel cell, internal combustion
engi nes, and gas turbines in DG applicat ions . For this example, speci­
fied power plant ava ilability is 99 .95 percent, which correspon ds to
less than four hours per year tha t the units would not meet load .

Dispersed Generation Reserve To Meetlood With 0.9995 Availability
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An imp ortant obse rvation from this gr aph is that conve ntio nal
gene ratio n equipment such as inte rnal combustion engi nes and gas
turbines in DG applications will require higher reserve capaci ty mar­
gins in order to meet th e specified avail abil ity level. Alte rnatively, the
figure shows that for a given reserve capacity margin , one will need a
gr eater number of install ed gas turbines or engi nes compared to the
fuel cell to meet the desired availability.

Consi de r a reserve capacity margin of 100 percent as an ex­
ample. Th e figure shows that approxima te ly one PC25 power plant
would be required to achieve the 99.9 5 percen t availa bility . But, on
the othe r hand, approxima te ly four internal combustion engi ne or
about six gas turbines would be necessary to reali ze the sa me 99.95
per cent availa bility. When viewed in this way, as a total DG sys te m
wit h norm al baseload power plant ava ila bility requirement imposed,
the higher cost per kW of the fuel cell power plant is not as sign ificant
as one might in itially think.

DG DEFERS COST

Distributing gene ra tion throughout the utility system can offer
the benefit of reducing transmissio n and distribution (T&D) costs by
deferring capital expenditures for distribu tion system equipment and
upgr ading or reconductoring of power lines. Generation distributed
through the system in this manner often will reduce the infrast ruc­
ture requirements between the DG un it and central station gene ra­
tio n . Often, mu ch of the benefit can be accompl ish ed by siti ng the
distribu ted gene rator at the substation if th e pr incipal deferral s are
at the substation (t ransfo rmers , switch gear, etc.) or in the t ra ns mis­
sion or subtrans mission sys te m.

The addit ional ben efit s associated with these savings can be
added to avoided gene ra t ion costs to bu ild a picture of the true value
of sit ing gene rat ion in a distributed manner. Even a one-yea r deferral
on the distribution syste m cap ital expenditure is likely to reduce the
present worth of that expendit ure by roughl y 10 percent, even afte r
in flation is taken into account . Two recent studies publish ed by
Sandia Na tional Lab oratories and th e Electric Power Research In sti­
tu te (EPR!) illu strate the poten ti al value of distribu ted gene ration .

One study wit h Plains Gene ration and Tran smi ssion evaluate d
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alternatives to up gr ad ing a 36-mile long 24.9-kV distribution line for
one of Pl a ins' dist ribu ti on cooperatives , Navopache Electric Coopera­
t ive. Th e pr oblem was that the feeder was experiencing voltage drops
greate r than REA voltage regulat ion gu ide lines . Th e upgrad e would
h ave required a new line with a volt age of 69-kV. The cost of this
up gr ad e was esti ma ted to be $4.2 mill ion . In this case, the alte rnat ive
evaluated was a 100-kW ph otovolt aic (PV) syste m installed near the
load , which would have deferred the need for a line exte nsion by three
years . Th e overall benefits, including exte rnalities , for this applica­
ti on we re ca lculated to be $9,000/kW. A large part of that ben efit was
du e to the t hree-year deferral of the line extens ion. A 200-kW fuel cell
may have deferred that lin e exte nsio n by more than six years.

Another pa rt of the analys is involved the va lue of movin g the
di stributed gene rato r to anothe r location on the sys te m afte r the line
had been upgrad ed. Th e study found that, if three additio nal moves
could be mad e for applicatio ns with 30 perc ent of the ben efits men­
tio ned above (after a ll costs for rem oval and ins talla t ion were consid­
ered ), th e va lue of th e ben efit for the distributed gene rator increased
by $2 ,000/k W. Th e tot al potential value for the distributed unit was
greater than $ l1,OOO/kW.

Anothe r st udy with Arizona Pu blic Service Compa ny analyzed
the ben efit s of a I -MW PV plant to defer budgeted substation and
distribu t ion feeder upgr ades for the Cocopa h Substation in Yuma,
Ariz on a . Th e deferred benefits for that applicat ion were found to be
almos t $3,500/kW. Th e t radi t ional utility benefits for ene rgy, gene ra­
t ion , a nd deferred T&D expens es were $2,430/kW. Th e soft ben efits
from increased reli ab ility, envi ronmental mitigation , and ot he r ben­
efit s were esti mate d, using accepted va lues for avoi ded emissions, at
about $ l,OOO/kW.

Most of the benefits a tt r ibuted to the PV sys te ms are also appli­
cable to natural gas fuel cells . Th e two exce ptio ns are the ben efits
as socia ted with avo ided ene rgy (including fuel) and avoided C0 2
emissio ns . PV uses no fuel and pr oduces no emiss ions wh en gene rat ­
ing electricity . A fuel cell operat ing on natural gas uses a fue l and
produ ces C0 2 as a by-product of steam reform ing t he natural ga s to
produ ce the hyd rogen -ri ch gas strea m required by the fuel cell st ack
for power gene rat ion. Th erefore, these tw o ben efits a re lower for the
fuel cell than for th e PV sys te m.

An Oglethorp e Power Corporatio n study done with RER and



28 C OS t' IIt'rll t iOllll lld Compctitit» P O, CI'Y JOIl Y/ 1Il1 Vol. 12, .\ '0. 1

EPRI evalua te d the benefits of installing molt en carbonate fuel cell
a nd diesel gene ra tio n to avoid or delay substat ion and distribution
system up gr ad es for 10 years . One case centered on upgrad ing a 46­
kV subt rans miss ion lin e ending at a substatio n that se rved a dist ri­
bution coopera t ive , Th e line had exper ienced frequent and prolong ed
outages and required repl acem ent to ma intain a reli able level of ser­
vice. Th e load se rve d by the substa t ion has a va r iab le gr owt h rate of
between tw o and five percent per yea r. Over 10 yea rs, and in stage s,
12 i\IW of gene rat ion were inst all ed at the substati on and compa re d
with the cost of up gr ading the subtrans miss ion lin e. The impact of
those 12 MW of gen eration deferred between $1,585lk W and $1,900/
kW in avoided T&D up gr ad es, avoided ene rgy and dem and charges ,
increased transmission capacity, and reduced energy losses , Th e size
of the ben efits depended on th e rate of load gr owth over those 10
years,

DG EL ECTRI CITY COSTS

Cost of elect r icity from dist ributed generatio n facilit ies ca n va ry
widely depen ding upon the particul ar site , fuel cost , how financin g is
a rranged, etc, And as pr eviously descri bed , there are can be some
subs tan ti a l added va lue for DG install ations wh en defer ra l of t rans ­
mission or distribu tion cap ita l expendit u res is cons idered . However,
even wit hout cons ide rat ion of t hese related benefi ts , DG syste ms can
often provide cost of elect ricity at the busbar comparable to or even
lower than conven tional gene ra t ion,

A recent DG power supply study wa s carried ou t in some detail
for providing elect r icity to a rem ote community elect r ica l load via the
PC25C fuel cell power plant fueled by pr opan e wh ich would be t rans ­
ported to the site. The resulting busb ar elect ricity cost s ca lcula t ed for
meeting the load requirem ents with PC25 C fuel cell power plants,
200 kW internal combus t ion engines, and a 1 MW gas turbine are
compa red to the present elect ricity cost s from gr id supplied power a t
the point of use in the figure.

Th e cost range shown by the shaded area in the figure for the
fuel cell case reflects the projected reduction in the O&M costs over
the twenty yea r planning peri od, as well as the potenti al for heat
recovery. Th e operati ng cost advantage of fuel cell s ca n be signifi-
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Dispersed Generation Cost of Electricity Comparisons
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cantly enhanced at local sites if heat recovery is possible. It wa s
ass umed that only fifty perc ent of the hea t could be recovered in
calculating the cost reduction sh own by the shaded are a .

CONCLUSIONS

Trad it ional gene ration expa ns ion plan s ty pica lly in volve con­
st ruction of a new central stat ion power plan t of several hundred
megawatts a long wit h new transmission lin es to se rve growing load
centers .

Now that true baseload power plant technology is beginning to
ente r the market in sizes rangin g from a few hundred kilowat t s up to
se veral megawatts, there are some real opportuni t ies to se rve small
but gr owing loads in a more cost effect ive manner than with the
traditional power supply approach . Co-ops will be able to cons truct
power gene ratio n facilit ies that can be dispersed a mong growing load
centers perhap s at a substat ion locati on , or at the cons ume r site
whe re the power is being used.

A dispersed generation power supply expans ion strategy could
help co-ops be more competi t ive providers of power by avoiding or
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delayin g for many years th e need for cons t ructi ng a new central sta­
t ion power plant, along with costly trans miss ion lin es and substa­
tions.
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