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Cover: Countries around the world are count ­
ing on integrated gasification-combined-cycle 
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clean sources of power. When integrated with 
petroleum refineries, the IGCC process can 
also enhance the production of higher-value 
fuel products like gasoline and kerosene. 
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Bearing Troubleshooting Advisor 

The Bearing Troubleshooting Advi or (BTA), Ver ion 2.0, is an 
engineer's best friend when it comes to accurately diagnosing 
bearing problems. With this CD-ROM product, engineers can 
e tabli ha database on all the problem bearings in a given 
plant. BTA's expert system will query its user on the given 
problems and provide a list of potential explanations, com­
plete with on-line photographs illu trating a wide variety of 
possible bearing damage. An integral digital camera al o 
allows users to photograph, in black and white or in color, 
any on-site bearing damage. The e photos and related 
diagnoses can be retained in BTA's database for future refer­
ence. U er can print out a report summarizing bearing 
analyses. An on-line manual offers suggestions for remedial 

actions and repairs. 
For more i11for111atio11, 
contact Tom McCloskey, 
(415) 855-2655. To order, 
EPRJ members should call 
the Electric Power Soft­
ware Center, (800) 763-
3772. Nonmembers shoHld 
cnl/ Automation Technol­
ogy, inc., (408) 453-1099. 

Workstation for Lightning Protection 

With EPRI' Lightning Protection Design Workstation ( PDW), 
utility engineers can determine how well th ir overh ad 
distribution and transmi ion lines wi!J hold up to lightning 
strikes. POW allows users to calculate the lightning perfor­
mance of both exi ting and planned lines and design a 
specified degree of protection into these line . The calcula­
tions are based on the latest engineering data from EPRI' 
lightning research, including information on voltage surges, 
pole in ulation strength, and the distribution and characteris­
tic of lightning flashe . The workstation can be u ed to 
diagno e lightning-related problems, develop trategies for 
adequate line protection, and prioritize line upgrades. It i 
also an effective tool for training new engineer in analyzing 
lightning problems and de igning protection technique . 
For wore i11formntio11, contact Ralph Bernstei11, (415) 855-2023. To 
orrler, call the Electric Power Software Center, (800) 763-3772. 
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CFC/Chiller Guide 
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Th.is guide for selecting 
large-capacity water chiller 
(TR- 1 00537, Revi ion 1 )  i 
currently one of the 
lnst itu t 's b st-selling 
product . De igned to help 
util i ti and their comm r­
cial  cu -tomers compare 
electric- and ga -powered 
chiller , the guide enables 
u er to make the be t 

lecti n for a given site. It 
incl ud conomic com par-

isons of availabl t chnologies, providi11g information on 
performanc , instaJ led cost, and  op rat ion and maintenance 
requiremen t . The guide also presents cri tical i n formation on 
the regulatory requirement for pha ing ou t the use of 
chlorofluor carb n and hydrochlor fluorocarbons. Check­
I i t for chi ller election are included. 
For more infor111ntio11 , con tnct Wayne Krill, (4 15) 855-1 033 . To 

order, rn/1 t/1e EPRI Disfrib 1 1 t io11 Cen ter, (51 0) 934-42 1 2 .  

PowERCOACH for Bu lk  Power Decision Making 

Tech Transfer Workbook 

L ike most technica l organizations, utilities experience a 
variety of institutional, organiza tiona l ,  and culturaJ barriers 
to technical innova tion. Th.is workbook (TR-1 02445) is de-
igned to help utilities identify and asse such impediment 

a nd tablish hart- and long-term solu tion to improve 
innova tion within their own organizations. Based on infor­
mation obtained throu gh n ine uti l i ty ca e studies, including 
iJ1pu t  from some 1 000 sta ff m mb rs and execu tives, th 
workbook presents generic ana lysis methods that wil l  hel p 
uti l i ties better assimilate new technologies. Wh ther barriers 
to innovation stem from the in t i tutional need to maintain 
tockholder dividends or from a ri k-aver e culture, the 

workbook offers idea and ugge tion that can be benefi­
cially applied. 
For more infor111atio11, 

contact Jim Oggerino,  

(4 15) 855-2663 . To 

order, call the EPRJ 

Distribution Center, 

(51 0) 934-421 2. 
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Bu lk  pow r tran  action today ta e place in a complex and challenging indu try envir nment .  Decisions with 
ign ificant risk a nd l a rge poten tiaJ reward oft n mu t be made qu ickly, with little time for forma l analy i . That' 

w hy EPR I develop d POW ERCOAC H .  A tate- f-th -ar t  oftwar to I for ass ing bu lk power tran actions, POW ER­
COA H enable u t i l ity planners to make confident decisions w1der uncerta in  condition . I t  l i teral ly c ache users 
through the process of framiJ,g, fom1ulat ing, and evaluating a decision on whether to enter in to a gi ven contract a t  a 
pecified time. User can customize decision models with information abou t  thei r own resources. 

For 111ore i11Jormation, contact Riaz Siddiqi, (4 15 )  855-26 1 9 . To order, call t l,e £/f.'ctric Power Software Center, (800) 763-3772 . 
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Trying to Take the Nitrogen out of Coal 
cientists believe that at the molecular level the 

nitrogen content of coal is bound up in hex­

agonal chemical structures similar to those in a 

honeycomb. Such structures are extremely 

strong, making the nitrogen difficult to remove. 

By contrast, a portion of the organic sulfur 

content of coal exists in chainlike structures that are much 

easier to break, allowing the partial removal of the sulfur 

through chemical cleaning. 

Chemical cleaning processes have not 

yet been developed for removing 

nitrogen from coal. Current 

removal methods focus on 

taking the nitrogen out 

either during or after 

the combustion pro-

cess, when nitro-

gen combines 

with oxygen to 

form nitrogen 

oxides. The most 

common meth-

od of NO
x 

con-

trol is the use 

of low-NOx 

burners, which con­

trol oxygen, tempera­

ture, and fuel residence 

time in distinct flame zones. 

Selective catalytic reduction is a 

less common and more expensive postcom-

bustion technique that converts O
x 

back into nitrogen. 

As a first step in developing chemical techniques for 

nitrogen removal, EPRI has contracted with Babcock & 

Wilcox Company to explore potential methods. EPRI's 

Conrad Kulik, who is overseeing the research, notes that 

coal contains about 1.5% nitrogen by weight. '1\nywhere 

from 50% to 80% of the NO. emitted by coal-fired power 

plants comes from the nitrogen in the coal itself, rather than 

from the air involved in the combustion process," he says. 

"Removing the nitrogen from the coal before it is burned 

makes good sense." 

The first experiments at B&W have involved the use of 
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peroxide as an oxidizing agent. With the help of an iron 

catalyst, peroxide can oxidize the nitrogen, effectively 

burning it out of chemical compounds. The nitrogen is 

released as nitrate, an ion commonly used in preservatives. 

Kulik points out that while the nitrate still needs to be 

disposed oi, nitrogen in this solid form is much easier to 

control than is the gaseous NO •. 

At the molecular level, 

the nitrogen in coal exists in a honeycomb-like structure. 

In the laboratory the B&W researchers have successfully 

oxidized pyridine and quinoline, both nitrogen-containing 

compounds similar to those present in coal. An important 

aspect of this work is determining the best temperatures 

and the most appropriate concentrations of peroxide to use. 

Kulik notes that the chemical compounds used in the 

laboratory experiments were isolated. He points out that 

oxidizing the nitrogen contained in coal won't be so easy. 



''We don't know exactly where the nitrogen is in the coal," 

says Kulik. "Coal is porous, like a sponge. If the nitrogen is 

physically accessible on the surface of the pores, it may be 

easy to remove. But it is possible that the nitrogen is much 

deeper in the structure, which will make removing it much 

more difficult." The key challenge is to remove the nitrogen 

without destroying any of the carbon and hydrogen i11 the 

fuel, since the latter components contain the fuel value. 

If the peroxide approach is not successful, EPRI re­

searchers will pursue other chemical techniques. "The ap­

proach we're working on now is somewhat simplistic," says 

Kulik. "We think it is likely that we'll try many other 

chemicals before we're successful. Our goal is to remove 

nitrogen before combustion. But as to what the best 

chemical technique may be, the jury's stilJ out." 

• For more i11for111ntio11, contact Co11rnrf K11/ik, (415) 855-2818. 

Ultrasound Technique Could Help Utility Boilers 

M 
ost widely known for its use in monitoring fetal 

development, ultrasound technology is aJso 

employed in a variety of other applications, from 

detecting bubbles in blood transfusions to tracking yeast 

particles in tJ,e beer-making process. Now EPRI researchers 

are hoping to use the technology to detect iron oxide particles 

in the feedwater of utility boilers. 

A product of standard feed water system operations, 

powderlike iron oxide particles form on the interior surfaces 

of pipes and tubes and become entrained in the boiler feed­

water. If deposited inside boiler tubes, the particles can 

cause boilers to overheat and even fail. An effective moni­

toring system could help utilities prevent sucJ, problems 

and provide information for optimizing feedwater chemistry 

on a regular basis to minimize the growth of iron oxide. 

Current monitoring techniques involve analyzing water 

samples that are intermittently extracted from the feedwater 

just before it enters the boiler. But ultrasound technology 

could provide continuous in situ monitoring, says Barry 

Dooley, EPRJ's manager for boiler and cycle chemistry. 

According to Dooley, two utilities in Japan have already 

used ultrasound technology for this purpose, although not 

on an in situ basis. Instead, the systems employed at these 

utilities monitor the feedwater in a sample room, using a 

continuous analysis technique. 

Unlike the systems used for fetal observation, the 

power plant ultrasound systems do not provide a visual 

image. Rather, they generate electronic signals that, when 

translated by a computer, numerically indicate the quantity 

and distribution of existing particles. 

EPR! researchers would like to see the ultrasow1d tech-

nology that has been employed in Japan- a  technology 

manufactured in the United States-used in situ in U.S. 

power plants. Preliminary tests conducted under contract to 

EPRJ indicate that the technology offers great promise for 

this kind of deployment. Now EPRJ wants to test the tech­

nology in a U.S. power plant and is negotiating with a 

member utility about hosting a demonstration. 

Because the acoustic transducers currently available 

cannot function properly in the high-temperature environ­

ment of boiler headers and piping (to which the tra11sducers 

would be attached), the first ultrasound system tested would 

not offer true in situ observation. Lnstead, says Dooley, the 

transducers would be attached to the exterior of a side loop 

established off the boiler economizer header. Dooley notes 

that such a system would still offer continuous measure-

ments. Researchers anticipate the successful development of 

high-temperature transducers that wiJL in the future allow 

continuous in situ analysis. 

• For more infor111atio11, contact Barry DoolmJ, (415) 855-2458. 

EPRI JOURNAL July/August 1994 5 



by Leslie Lamarre 

Ill 
· • . 

C l�I 

Worldwide 

EPRI hos pursued 

the development of i ntegrated gosif ication­

combined-cycle technology because it is 

the cleanest method ava i lable for making 

electr icity from coa l .  Now, a decade after the 

establ i shment of the fi rst IGCC demonstra­

t ion p lant, envi ronmenta l regu lations a re 

encourag ing the adoption of this technology 



i n  a number of countries . An unexpected 

innovation i s  the use of res idual  o i l  as an IGCC 

feedstock, a practice that evolved natu ra l ly as 

a resu lt of market forces . Experts a re hopefu l  

that the current momentum in  IGCC wi l l  

tr igger the i ntroduct ion of the technology i n  

developing countr ies, many of which rely 

heavi ly on coa l and o i l  for power generation . 



A 
decade after the world's clean­
est c al-fired power plant gen­
erated its first kilowatt of elec­
tricity in the southern Cali­

fornia de ert, the t chnology employed 
there is begin ning to ca tch on. Buoyed 
largely by the wave of envir nmen t<1 l  reg­
u la t ions sweeping the glob , i n tegra t d 
gasifica tion-combined-cycle (IGCC) tecl1-
nology is now being act ively pursued or 
seriously con idered in at l ast 21 coun­
trie . And in 111 1  intere t ing turn of events, 
oi l-f ired JGC appears to be moving to­
ward commercia l ization ahead of co11l­
fired IGCC. 

Widely recogi1jzed as the cleane t meth­
od available for turning coal into electric­
ity, IGCC systems ga i fy the fuel and re­
move pollutants before the combustion 
proces . Demonstration projects have hown 
that IC C can remove 99.9% of ulfur from 
coa l ,  com pared with the 90% typical ly re­
moved by a conventional coal plan t  with 
cru bbers. The con trol of nitrogen oxide 

i even more d ramatic, amou n ting to more 
than six times the  control achie ed by the 
low- 0, burner u ua!Jy emplo ed in 
conventional plant . !CCC t chnology i 
a lso ignificm1tly more effective in red uc­
i ng other type of pol lutants, including 
p<1rticulates, trace metals l i ke mercury and 
lead, a nd vola ti le organic compou nds. 

The opening of a 253-M W coal-fired 
demon tration plan t  in the etherland 
this spring miuked the begi nning of wha t 
is expected to be a serie of !CCC ti'lrt­
u p  ar und the globe over the ne t ev­
eral years. Ac ording to pt1blic records, 
8 countries have plan to e tabl ish a total 
of 18 fo si l-fue l -based IGCC plants. Thir­
teen other cou n trie a re ser iously cons id­
ering t he implemen ta tion of IGCC. W hile 
most of the pla nned project wi l l  be in 
we tern Europe, ome will be in the 
Un i ted State , astern Europe, and the Far 
Ea t .  Thi high I v l of activ ity i xpect 
to push coal-fired LG C to commercia l ta­
tus  by 2005. 

Process and potentia l  

I n  the gasification process, a feedstock fuel 
uch as coal or oil i hea ted with tea m 

and oxygen. Th fu l' su l fu r  is convert d 
to hyd rogen sulfide, and its nitrogen is 
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converted to molecular nitrogen, ammo­
nia, and nitrogen compounds tha t  can be 
removed before combustion. During the 
gas cleanup proce , the hydrogen ulfide 
becomes elemental u lfur, a marketable 
sub tanc that can be old to chenuca l 
ma nufacturer a n  other who comm nly 
use the material. Particu l a t  s too can be 
fi ltered oul  before combustion, leaving the 
final  IGCC exhaust with about a third Jess 
particulate matter tha n  the exhaust from 
a conventional coal plant with postcom­
bt1stion part ict1 late con trol . 

Once the manufactu red ga is cleaned, 
it  is burned in  a gas turbine to generate 
electrici ty. For increa ed efficiency, heat 
is recovered from the tu rbine ex haust 
ga es aJ1d used to power a steam turbine 
to genera te even more electricity. Thi 
combined cycle of gas and tea m turbines 
give IGCC an efficiency of about 43%, 
compared wi th  abou t 35% for conven­
tional coal-fir d power plant . 

According to eville Holt, who man­
ages EPR l 's IGCC resea rch, the U.S. De­
pa rtment of Energy and ga turbine man­
ufacturers a re working to increase the 
efficiency of ICC technology by devel­
opi 11g bigger ga turbine y terns with 
higher firing temperature . Larger tur­
bin wil l  improve the econom ies of caJe, 
lowering the cost of the technology. Hol t  
ay tha t the manufactu r rs  are aimJng for 

50% t hermal-to-electric effic iency i n  !CCC 
units introduced by the year 201 0. He 
point out, however, that overall the.rmaJ 
efficiencie of more than 0% can be 
achieved with xisting IG technology 
simply by using some of the team d i ­
rec t ly  in indu trial applications or for  dis­
trict heating. 

The success of the fir t IGCC demon­
stra tion pla nt ,  operated from 1 984 to 1 989 
at Southern alifornia Edison Com pany' 
Cool Wa t r facility near the Mojave Desert 
tow n of Be r tow, encouraged the estab­
lishment of other J C pla nts .  Among 
them i Dow Chemical's 1 60-MW coal­
fired IGCC pla n t  in Louis iana, which 
opened in 1 9  7. Althoug h this plant has 
ser ed Dow succe sfully, it i not consid­
ered comm rdal because i t  was estab-
li bed to a s the performance of th 
gasification teclmology developed by Des-

Existing IGCC Plants 

Planned tGCC Plants 

IGCC AROU N D  THE WORLD 

First demonstrated in Cal ifornia 

a decade ago, integrated 

gasification-combined-cycle 

technology is beginning to 

catch on worldwide. So far, 

IGCC is being actively pursued 

or seriously considered in 21 

countries. Eight of these coun­

tries have already undertaken 

plans to build a total of 1 8  

fossi l -fuel-based IGCC plants.  



Locat ion Owner Fuel 

P laquemine, Louisiana Des tee Coal 

Buggenum. Nether lands SEP Coal 

Q Exist ing IGCC plants 

� Planned IGCC plants 

IGCC plants under consideration 

Size 

1 60 MW 

253 MW 

Gasif ica t ion Startup 
Techno logy Date 

Destec 1 987 

She ll 1 994 

United States Three additional plants, not shown on the map, are to be funded by DOE. 

Terre Haute, Indiana PSI  Energy, Destec Coal 265 MW Deslec 1 995 

Tampa, Florida Tampa Elect r ic Coal 260 MW Texaco 1 996 

E l Dorado, Kansas Texaco Petro leum coke 40 MW Texaco 1 996 

Tracy, Nevada Sierra Pacific Power Coal 95 MW KAW 1 996 

Europe 

LiMnov, Czech Republ ic SUV lignite and oil 400 MW Texaco 1 999 

Porvoo, Fin land Neste Oy, IVO Oil 500 MW NA 1 998 

Falconara , Italy AP I  Oi l 225 MW Texaco 1 997 

Prio lo  Gargano, I taly ISAB O i l  500 MW Texaco 1 998 

Sannazzaro. Italy AGIP O i l  250 MW Texaco 1 999 

Sardin ia ,  Italy SARAS O i l  SOO MW Texaco 1 999 

Pernis, Netherlands Shel l  Oil 80 MW She l l  1 997 

Borse le, Netherlands SEP Coal 800 MW NA 2002 

Puertollano, Spain E lcogas Coal and petro leum coke 300 MW PREN FLO 1 996 

Asia 

Shanghai ,  Ch ina Shangha i Coke and Chemicals  Coal 60 MW NA 1 997 

South Korea KEPCO Coal 250 MW NA 2002 
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tee, a Dow subsidiary, and the project wa 
subsidized . Other U.S. activity in IG C ha 
been in it ia ted by DOE, which has a l located 
funding for six IGCC plants, three of which 
are sched uled to come on-li ne at EPRJ mem­
ber utilities within the next two yea rs. 
Sites are being selected for the rema in ing 
three project . 

In Europe, meanwhile, coal-fired lGCC 
technology reached a mile tone in May 
with the opening of a 253-MW pla11 t  in the 
ou them Netherland . Thi plant, which 

employs Shel l 's gasifica tion technology, is 
considered a significant step toward the 
implementation of la rge-scale lGCC. Al­
though the plant wi l l  be run commercia J Jy, 
it  is  characterized by Shell as a thr  e-year 
demonstration plant. Dming th.is dem­
onstra tion pha e, Shel l  wi l l  attempt a vari­
ety of improvements, including cha nges 
to the gas cleanup process. Spain and  the 
Czech Republic are among the other Eu ro­
pean cow1tries planni ng to establish coa l­
fired IGCC plant within th next five 
years. 

The potent ial for the additional u e of 
coal-fired ICCC technology i enormou , 
gi ven the world' dependence on coal for 
electricity and the increa ing pre u re to 
red uce related emission . According to 
the World Energy Cow1eil (WE ) , coal cur­
ren tly fuels about 40% of the world' 
power ge neration,  and ou r dependence 
on this fossil fuel is not l ikely to decrease 
in the foreseeable future. The WEC pre­
dicts th t even with the significant i n­
crea s anticipated in electricity demand, 
the world ' · upply of coaJ-whicl1 i fa r 
greater than tha t of oi l or natura l ga -
could eas i ly meet our power needs for the 
next 200 years. Say Holt ,  "ICCC offers t he 
means for making a plentiful yet dirty fuel 
resource suitable for su tainable develop­
ment." 

Oil action 

Su rprisingly, though, oil-fired JC C ap­
pears to be clo er to com mercia l izat ion 
than coal-fired lG C. "Ten yea r ago, as 
the Cool Wa ter project was get t ing off 
the ground, we envisioned IGCC primar­
ily a a coal- fired technology with some 
poten ti a l  a pp l ication in petroleum coke," 
says H olt .  "Wha t we did not fore ee was 
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the u e of this technology with heavy 
oi l." A re earch orgru1iza tio l ike EPRf 
worked to push coal-fired I toward 
com mercial ization, evolving market forces 
began to prompt erious i n tere t and ac­
tivity in oil-fired JGCC. Oil prices declined 
( today they a re abou t  50% below their 
early-1980 I vels), dimin ish ing the va l ue 
of already chea p, bottom-of-the-ba rrel 
heavy re idua ls. Simultaneously, new en­
vironmentaJ regu la tions l i miting the ul­
fur on tent of fuel oi l were adopted. T n ­
d u  · try experts point ou t  that th j s  i a 
c lassic case of market pul l  ( the oi l-ba ed 
appl ica t ion ) overtaking technology push 
( the coa l-based systems) .  Market pu ! J ,  
they note, i almo t invariably the  stronger 
force. 

Italy, Europe's large t consumer of oil 
for power gen ration, is feeling the pre -
u re of thes market for es particularly 
trongly. EN EL, the state-owned electr ic 

u t i l ity that su pplie near ly  0% of the 
cou ntry's electrici ty, rel ies on oi l for 53% 
of i ts genera tion. Most of the oi l ha a high 
sulfur con ten t, averaging approximately 
3%-about the same level of sulfur a in 
high-sul fur coal .  And a new European 
Commu nity d irect ive  known as 8/609 
r quires that th sulfur con tent of fuel oil 
be limited to 1 � by 1 998 and 0.25% by 
2003. 

Un l i ke the refineries in the U nited 
Sta tes, where the great d emand for tra ns­
portation fuel has led to the installa tion 
of ophistica ted conver ion and d u. l fur­
ization equipment,  the I talian refineries do 
not have much fuel oi l conver ion or 
desu lfurization capacity. I n  order to meet 
the u pcoming requ i rements, tl1e refin r ies 
can in ta l l  d esu l fu riza t i  n equ ipmen t to 
produce c1n acceptable lower-su lfur oil; 
convert a portion of their hea vy oi l into 
more-valuable, l ighter product l ike ga o­
line; or undertake a combination of the e 
two alterna tive . All of these option re­
quire an ample su pply of hyd rogen, a by­
prod uct of the gasi fica tion proce . 

Cmrently, fou r I ta l i a n  refineries are 
planning to const ruct ICC u11its t ha t  wi l l  
come on-l ine between 1 997 and 1 999. The 
refi.ners intend to use gasi fication to pro­
vide the hyd rogen they need to convert 
their hea vy-grade, high-·ulfur oil to light-

er prod uct , uch as tran portat ion fuel . 
The lCCC plant wiJl also genera te steam 
to power the re.finerie - ' proce sing unit , 
a well as electricity-a total of L SOO MW-
which will b sold to E L. 

"Because it meets multiple objective · ,  
the insta l la t ion of !GCC i a good ca pi tal  
investment for the refine.r ies," says Holt. 
"Such an a ppl ica ion offers a major oppor­
tunity for ynergy involving power pro­
d uction demands, new automotive fuel 
to red uce urban pol lut ion, and the n ed 
for dean fuel oil·." 

I taly' oil-fired IC C uni t  are con id­
ered commercial ,  and they a re e pected to 
become fu l ly  opera t ional before coa l-fired 
[CCC reache c m merc ia l  statu . "1 see oil 
ga ification coming before coa l  gasifica­
tion," ays Ale Wech ler, vice presiden t 
of Lmgi Corporation, the exclusive licens­
er of Shell' gasifica tion technology for 
heavy re idual o i ls. "The economics re 
better for u i l . "  Tn addition to i ts abi l ity to 
accept hard-to-convert high-su l fur re id -
ua I oils, !G a l low refineries to  tap th 
energy vaJue of low-valu e o i l  products 
like petroleu m  coke and po ibly even 
Orimulsi.on r'1, a heavy bitumen-and-water 
mixtu re prod uced in Venezuela and mar­
keted a a fuel. Wechsler points out tha t 
u nlike coal, petroleum coke-a by-prod­
uct of oil refining-doe not have to be 
mined. 

Some IGCC u n its, uch as the 300-MW 
facility bei ng pla nned by Elcogas for Puer­
to1la J10, pain, will use petroleum coke as 
a partial feed tock. In the Ekoga plan t, 
w h.i h will ru n on a blend f 50% coke and 
50% coal, th ll e of petroleu m coke will 
help lower the overall f edstock co t . The 
coke ,vi i i  a l  o increa e the feedstock's 
heating valu I since the avai lable Spanish 
coal has a high a h con ten t .  

Coke too 

A number of oil refin ri s are inve ligat­
ing the potent ial for using IC to gasify 
petroleu m coke. Through an arra ngem nt 
simi lar  to lhal  being pu rsued by t he l taUan 
refi neries, such !G C units could generate 
hydrogen, stea m, and  electric i ty for on­
si te use. Any e.xce s electricity cou ld be 
old. The fact i that the rela tively high 

su l fu r content of petroleu m coke-in Lhe 



TH E POWER/PROCESSING SYNERGY Oil  refiners are finding that IGCC is a good capital Investment because It uses low-value, 

high-sulfur fuels-such as heavy oils and petroleum coke-as feedstocks whlle generating hydrogen, a critical Ingredient for 

desullurlzation. Through desulfurization, refineries can produce a more marketable, lower-sulfur oi l  whi le recovering salable 

elemental sulfur. At the same time, IGCC generates electricity-typically far more than enough to meet a refinery's needs. Even 

more important is the production of steam, which can be used for the refinery's distil lation processes. Many refineries planning 

IGCC units Intend to sell their excess power to local  electric uti l i t ies. 

Ligh ter oils (to process ing un its for gasol ine. jet fuel . diesel .  kerosene) 

LOW-SULFUR Oil 
Heavier oils 

Crude Crude 
distiUation 

unit 

Vacuum oi l s 
Oesutturization 
and conversion 

units oi l 

Vacuum 
'--+ distlUatlon 

Coker oils -------
Wastewater Wastewater 

treatment 
unit 

Clean water for 

reuse o r  d ischarge 

Heav iest oil products 
(atmospheric residual} 

unit HYDROGEN Hydrogen sulf i de-rich solvent 

Vacuum residual 

R E F I N E RY 

Coker 

Clean 
solvent 

Solvent 
regenerator and 

Ctaus plant 

ELECTRICITY 
(to refinery and/or 

local u tility) 

ELEMENTAL SULFUR 

STEAM 
( for refinery, steam 

lurbine , or  both) 

- -- - - - - -- - - - -- --- - - - - -- - - - - - - - -- - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - - - - - -- - - - - --- - - - - - - - - - -

IGCC PLANT Coke 

Gasifier 
Raw 

Gas 
Clean 

4 

Uni t  d Sta te· i t  average 5.So/o-is making 

the product increa ingly le attractive a 

a combu t ion fuel in a mark t tha t '  al­

ready being pound d by u l fur dioxi.d 

emissions regulations. And just a th 

worldwide demand for petroleu m  cok i 

begi nning to d ry up, i ts production i in­

crea ing igni£icantly. 

Th c king proce s nable the c nver-

ion of the heavie t oi l  pr duct l ft a fter 

crude oil i di til led, uch a re idual fuel 

oi l a nd a phal t .  From the e heavy r idu­

a l  , coking yields more-valu able, L ighter 

products, such a gasoline, jet fu l ,  and 

cleanup 

gas unit gas 

i 
Slag 

die el fuel . as well a the by-product pe­

troleum coke. 

Largely b cause of it high demand for 

transportati. n fu I , the Unit d State i 

the world's largest producer of petroleu m 

coke, accounting for 67% of the world­

wid production, according to Pac Con-

u l t ants, a firm tha t  tracks the coke mar­

ket. Pace report that between 1 980 and 

1 992, U .S. coke prod uction jumped a 

whopping 71 % . Sta ti tic how that the 

con umption of crude oil by U.S. ref ineri 

did not increa e during this period . 

Thi ignificant rise in coke production 

Gas 
Heat 

Heat recovery 
turbine steam 

generator 

is not just a factor of moun ting demand 

for transportation fuel . It is also a reflec­

tion of the changing nature of the oiJ com­

ing out of the ground. A look at the oil re­

serv kn wn today sugge ts tha t  the oi l  

indu try has already exploi ted the bu lk f 

the lower- u l fur oi l , which are easier to 

convert to l ighter products l i ke gasol ine .  

RoughJy thr e-quarter of the currently 

known re erves harbor a heavier, h igher-

ulfur petroleum. In order to proces the 

larger quantit ie of heavier crude they are 

receiving, oil refinerie around the world 

are in ta i l ing mor coker . 
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Pace projects an additional 40% increase 

in world wide coke production between 

1 992 and the year 2000. And as Ray Dy­

mond, director of petroleW11 coke and re­

sidual upgrading for Pace, point out, there 

is reason for concern. "Petroleum coke is a 

very volatile commodity, and we're look­

ing at a tremendous supply," he says. "Un­

less some new applications evolve, pro­

ducers will  have a real ly big problem on 

their hands.'' 

ln 1 992, the United States exported 

roughly 56% of i t  petroleum coke. The 

rest was sold in the domestic market for 

such applications as aluminwn manu fac­

turing, electr icity genera tion, iron and steel 

making, and cement production. "For U .S. 

coke producers to be this heavi ly depen­

dent on the e port market could be ri ky," 

note Dymond. For in tance, Tu rkey, a 

major consumer of petroleum coke, has 

threatened to l imit the u J fur con ten t  of 

imported sol id fuels . 

Refinery-based gasification of petrole­

wn coke provides a way to use up coke 

upplie while generating hydrogen for 

r finery desulfurization proce--e . Tha t i 

exactly what Mexico is considering. 

I nterest from Mexico 

Currently; over ha lf of Mexico's power 

comes from the direct burning of heavy 

fuel oi ls derived from such crude sources 
as Maya crude, which i 3.1 % sulfur and 

re u J ts in a petroleu m coke with a sul­
fur con ten t  of 8-10% .  Such a high u lfur 

conten t ha become a more-pressing is ue 

since the 1 993 passage of the orth Amer­

ican Free Trade Agreement and sine Mex­

ico's adoption of more-stri ngent regula­

tions on S02 control in the same year. A t  

the a rn e  time, Mexico i s  u nable t o  meet its 

total demand for gasoline and mu t im­

port some of it from the United Sta tes . 

The ga ifica tion of petroleum coke, 

among other fuels, could provide a way 

for reffoeries to comply wi th the new en­

vironmental regulations while i.ncrea -

i.ng the production of gasoli ne and other 

l ighter product . In fact, Texaco is cur­

ren t ly consulting with Mexico's state­

owned oi l company, Petroleo Mexicano 

( PEMEX), about a poten tial gasification 

project . "PEMEX is extremely intere ted 

in Texaco's ga i ficat ion process," says Tex­

a o's Jim Fa l et t i, who has been invol ved 

in the dialogue with PEMEX. Specifica l ly, 

THE COKE MARKET U.S. refineries in 1 990 produced 70% 

more petroleum coke per unit of crude oil than they did in 

1 980. The increase is due largely to the heavier nature of 

the oi l  coming out of the ground today and to the increasing 

production of refined products l ike gasoline. The growing 

supply of petroleum coke, combined with environmental 

regulations that discourage the direct burning of this high· 

sulfur refinery by-product, is encouraging the implementa· 

l ion of coke-fired IGCC plants. 
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PEMEX is considering the insta l l a tion of 

gasificat ion technology at a proposed ad­

di tion to a r finery in the west coast c i ty 

of Sa lina Cruz, in the state of Oaxaca . The 

resulting electricity could be seJ1t to the 

state-owned uti l i ty network nearby. 

Erne to Mariaca Domingu z of the Mex­

ican Petroleum Institute reports that PE­

MEX this pring actual ly approved a plan 

that wou ld add a coker a nd a gasifier to 

the Sa l ina Cruz refinery. Th coker, h 

says, wouJd help increase the  country's 

prod uction of gasoline. The gasi fier, mea n­

while, could turn the petroleum coke by­

product into hydrogen, steam, and elec­

trici ty. A i the ca e with other project 

involving maj r investments, Mariaca says, 

the final. decision on the Sal ina Cruz proj­

ect has been postponed unti l after M x­

ico's upcom ing elect ions. The concern is 

that a new administra tion with different 

priori tie could decide to termi nate such a 

project. 

Foreca ts by th WEC pred ict a 1 30% in­
crea e in Me ico' per capita power con­

sumption between 1990 and 201 0. Fa! ett i  

is among those who bel ieve tha t lGCC i 

likely to supply at lea t some of t his de­

mand . Already, 502 and other polluta nts 

from conven t ional fos i i -fired generating 

plant have been l inked to health prob­

lems in big metropolitan , rea l ike Mexico 

Ci ty. And other generat ion option I uch 

a nuclear power and hyd ropower, mis 

environ menta l  concerns. 

" I  can see Mex ico adopting IGCC tech­

nology in the near fu ture," Fa l etti says, 

noting that the co ·t of establ ishing the fa­

ci l i tie to hip petroleum coke from the 

Sal ina Cruz refinery to over eas market 

could be co t-prohibitive. " I t' better to up­
grade th prod uct and use it domestically. 

PEMEX needs hydrogen, steam, and puwer 

for its refineries anyway." He notes tha t  

PEM EX, which i the world 's eighth-large t 

oil company and g nerates one-third of 

Mexico's foreign exchange revenues, i 

cu rrently u nder pressu re to produce even 

more income. CG may very well provide 

the means for achieving tha t  goal . 

U.S. perspective 

Oil refineries in the United States are also 

becoming i n tere ted in gasifying petro-



The Making 
of IGCC 

Cool Water, the first IGCC demonstration plant 

P 
ractical applications of coal gasifi­

cation date back to 1 792, when a 

Scottish inventor used gasified coal for 

l ighting in his home. Coal gas-also 

called manufactured gas or town gas­

was used widely in the United States 

and other countries for both heating 

and l ighting until the 1950s, when nat­

ural gas di tribution sy terns became 

well established. Countries l ike China, 

which do not have extensive natural 

gas reserves, still rely on manufactur d 

gas for lighting and heating, especially 
in homes. 

A far more common use for coal gasi­

fication today i in the production of 

ch micals, including ammonia, meth­

anol, and u rea. Gasification generate 

hydrogen, carbon monoxide, and car­

bon dioxide-gases that are critical to 

the production of such chemicals. For 

in tance, the reaction of hydrogen and 

nitrogen produces ammonia, an impor­

tant ingre dient in fertilizer. 

Although ga ification technology ru1d 

gas turbine power plants-the most 

efficient el ctricity generators avail­

able-have coexisted for decades, it 

wasn 't until 1 984 that the two were 

wedded in the first commercial-scale 

integrated gasifica ti.on-combined-cycle 

system. This 1 00-MW IGCC demonstra­

tion plant was loca ted a t  Southern Cal­

ifornia Edison's Cool Wa ter facility 
near Barstow, California. The plant op­

erated successf
u
l ly for five year , until 

the low price of natural gas made its 

continued use impractical. 

evertheless, the plant's environ­

mental advantages were clearly proved . 

Among other achievements, emissions 

of sulfur dioxide and nitrogen oxides 

were about 1 0  times lower than the 

limits set by the federal New Source 

Performance Standards. "Gasification 

is the cleanest way to use coal and low­

value fuels because it removes emis-

ion-forming constituents prior to the 

electricity generation process," says 

Neville Holt, manager of EPRI' lGCC 

r search. Other technologie , such as 

flue gas desulfurization systems and 

fluidized-bed combustion, rely on lime­

stone or dolomite to control sulfu r. Not 

only do these approaches require the 

mining of additional resources, but 

they al o generate a larger volume of 

material for disposal .  D 

leum coke. Historically, ome U.S. util ities 

have burned the fuel in their boilers. Bu t 

the Clea n Air Act Am ndmen ts of 1 990 set 

strict l im its on 02 emission , making t l1e 

domestic mark ts for petroleum coke (in 

i ts conv n tional applicat ions) ven less 

promising than the global markets . 

"There's a flurry of activity in the Uni t­

ed State right now regarding poten ti a l  

proj cts for ga i fying petroleum coke," 

ay Holt. Mo t of the e project ar in 

the early stages of i11vest igation. 0th rs, 

however, are progr ssi.ng  quickly. For ex­

ampl , Texaco recen tly annou nced its plan 

to build an IGCC unit at its refinery in El 

Dorado, Kansa The uni t  wil l  consume 

about 1 70 ton of petroleun1 coke and 

other refin ry by-products dai ly to m et 

a l l  of th r fi n ry's el ctricity ne d whi le 

su pplying 40% of i ts st am. onstruction 

is set to begin arly in 1 995, with startu p 
sched u led for mid-1 996. 

EPRI researchers are encouraging utili­

tie to develop partner hips with their re-­

finery cu tomer to e tabli h IGCC plant . 

In many ca e , a r finery i a u t i l i ty' 

larg st ingl load .  And as Holt point 

out,  many refin ries today a re und rta k­

ing plan to con truct hei r own gen r­

ating plants. Typica l ly, the su pply of pe­

troleum coke prod uced on- i te is mor 

than u fficien t  to meet a refinery's elec­

tricity needs. Through a partnership tha t 

could involve hared ownersh ip  of a n  

JGCC plant,  the refinery cou ld deliver i t  

exces electricity t o  the grid . The uti l i ty, 

meanwhil , cou ld offer the refin ry the 

electri i ty i t  needs when the I un i t  i 

not ava i lable. (As 24-hour opera tions, r 

finerie ordinari ly r quire avai labil i t ies ap­

proaching 1 00%, but IGCC technology of­

fer availabi l i t ies of about 85%.) Through 

such partnership , u t il itie could retain 

their refinery customer and ev n b nefit 

from th new genera tion capacity while 

offering the refinery something valuable 

in r turn. 

ln U .S. refineries, the biggest potential 

hurd le for the use of IGCC technology is 

the competition from natural gas, which 

could ju t as easily upply the hydro­

gen that ga i fication produces. Cheap and 

abundant at this time, na tural gas i ava i l ­

able at many refineries. evertheless, IG 
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remains a n  attractiv option because it 
offers the additional benefit of putting in­
creasing upplie of low-value p trnleurn 
coke to prod uctive u e. Holt also points 
out that some c n ider the supply of low­
cost na tu ra l  ga beyond the year 2000 u n­
certa in .  

Incle d, the u ncertainty of future nat­
u ral gas prices has gotten a number of 
EPRI member utilities interested in IGCC. 
Some are considering phased construc­
tion, which involve le financial risk. ln 
the phased-construction a pproach, utili­
ties cou ld begin with the installation of 
gas tu rbines to erve peak demand. Thi 
ins ta l lation cou ld be followed by the ad­
d i tion of a hea t recovery tea m generator 
a nd a team turbine for g reater efficiency. 
Later, iJ the price of natural ga climbs, 
gc ification could be added to the system. 
Th capacity of the I GCC y tern could be 
increased at any time by adding a econd 
tra in  of equipment. Dow Oiemical's 1 60-
MW lG C pla n t  i n  Lou isiana wa tab­
Ii hed through pha ed construction, tart­
ing with a natural-gas-fi red combi ned ­
cycle unit, to which a ga ifier wa added 
three yea r later. " everal utilities have 
pha d IC C into the i r  generation expan-
ion plans," says Holt. "lt' a pragmatic 

approach to pla rn1 ing that a lot of utilities 
a re coming to value." 
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Another way to reduce capital costs is 
to repower existing equipment and add 
the required components. For in tance, 
PSI Energy, one of the ut i l i ties involved 
in the DOE-sponsored IGCC projects, is 
in the process of repowering an exist ing 
steam turbine as an integral part of a new 
!CCC unit. The remaining IGCC compo­
nents will be added to the existing 1 00-
MW plant .  

CUTT I NG CAPITAL COSTS 

PSI Energy has chosen an 

innovative approach to imple­

menting its 265-MW IGCC unit: 

it is repowering an existing 

steam turbine and adding the 

remaining components. Another 

cost-cutting approach planned 

by some U .S.  uti l it ies is to 

implement IGCC in phases, 

starting with a gas turbine to 

serve peak demand, then 

adding a heat recovery steam 

generator and a steam turbine 

for greater efficiency. A 

gasification system could be 

added when the price of natural 

gas rises, as some observers 

anticipate after the year 2000. 

China involved 

I t  i in developing countries like Mexico 
that JG C could have its greatest impact 
in terms of reduced air emis ions. These 
cou ntries ar expected to accou nt for the 
bulk of the g rowth in pow r g nera t ion 
over the n xt couple of decades. And most 
of them now are heavily dependen t on 
conventional, relatively dirty power-gen­
erating technologies fueled by coal and 
oil. 

Of al l  the developing cmmtries, China 
offers perhaps the best single market for 
IGCC, in part beca use of t he magni tude of 
its anticipated economic growth. China' 
need for increased power generation is 
critical, with some 1 50 million people liv­
ing without electric ity. And the country's 
free-market efforts are fueling rapid, dou­
ble-digit economic growth that hi t  12% 
last yea r and is expected to remain robust. 
According to China's Power I ndustry Min­
istry, the country is expected to add power 
plants at the rate of about 1 500 MW per 
month between now and the year 2000. 

Exp rts agree that the most likely fuel 
for this fu tu re power generation i coal, 
China's cheapest a nd most abw1dant 
power resou rce. Already, coal supplies 
75% of the country' electric ity, and  the 
remaining reserves appear ample for the 
i ncreased demand. Even though the sul­
fur content of China's coal is relat ively 
low, averaging about 2%, the ountry's 
anticipated huge growtJ1 in coal-fired ca­
pacity raises concerns about air quality. 
Uncont rolled 502 emissions have a l ready 
left their ma rk on major i ndustria l  cities 
like Beijing and Xi 'an, where air poUution 
makes the sky appear overca ·t even on 
sunny days. 

In recent months, offi ial in China ha e 
publicly xpressed concern abou t  air qu al­
ity and stated thei r i ntention to do some­
thing about it . J ust this May, Lu Xinya n, 
deputy di rector of China's ational En­
v i ronmental Protection Agency ( EPA), 
annow1ced pla ns to impose a nationwide 
tax on S02 emissions by the end of 1 994. 
He said that t he chief factor b hind such 
action was acid rai n, which reported ly 
cause 1 6  billion yua n ($2 bilJion) in dam­
age to Ch ina's crops, forests, and build­
ings each year. NEPA has already run a 
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INCREASING ENERGY CONSUMPTION Rapid population growth notes Bertrand de Frondeville 

of Deutsche Bank, which is fi­90 and fast-paced economic advancement translate into major 

increases in energy consumption in the developing world. As this na ncing Ekoga 's 300-MW 
coal- and coke-fired unit in 
Spain. 
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chart indicates, the rate of energy consumption for these coun­

tries over the next 1 5  years is expected to far outpace that of 

industrial ized nations. Many developing countries are highly 

dependent on heavily polluting fossi l-fuel-fired power generation 

technologies. The success of IGCC in the industrialized 

According to one DOE offi­
cial, China alone wi l l  need 
more than $250 billion to fi­
nance new generation capac­
ity between now and 2010. 
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world should encourage the interest in IGCC already 

demonstrated among developing countries. 
50 

Source : Energy Information Administrat ion, U .S .  Department of Energy . 
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financing include the World 
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China Other 
deve loping 
countries 

Japan 

te t implementation of an 
2 

tax in the 
outhem provinces of Guangdong a nd 

Guizhou. 
According to Ted A twood, the DOE pro­

gram manager for internationa l  activities 
in clean coal, JGCC plays an important role 
in t he plan China i developing for us­
tainable development following the 1 992 
Earth Summit in Rio de Janeiro. "China's 
trategic pla n for the future includes [G C 

projects," he ays. "This technology is one 
of the most l ikely candida tes for future 
power genera tion. Certainly the Chinese 
see it as t he  be t technology option in the 
long term." 

Taking action 

One indica tion of China's ignificant in­
tere · t i11 LGCC technology is the country's 
pursu i t  of a 200-400-MW JGCC demonstra­
tion project. According to A twood, China 
ha assembled a high- level team of gov­
ernment officials to over e the proj ct, 
which began with a prefeasibi l ity tudy 
that i cheduled to be complet d by the 
end of the year. I f  a ll goes well ,  the plant 

United 
States 

Europe Former 
Sovie1 
Un ion 

example, Texaco and Destec, both pro­
viders of coal gasi fica tion technology, and 
General Electric and Westinghouse, which 
make turbines. In a recent joint  venture 
with a U.S. firm, China demonstrated it 
receptiveness to foreign-developed clean 
coal technologies. The joint venture estab­
lished a consuJting firm in Shanghai whose 
mission is to help outside investors and 
suppliers of dean coal technologies into 
the Chinese power market. 

As activi ties in China and Mexico indi­
ca te, developing countries are showing 
erious interest in JCCC. But th biggest 

barrier for the e potential users is the cost 
of the technology. IGCC's cu rrent capital 
costs a re roughly 10% higher than those 
of coal-fired pla nts with emissions con­
trols and as much as 30% higher than 
those of conventional coal plants with no 
such control . Industrialized countries typ­
ically consider Life-cycle costs when e­
l cting a technology, factori ng in ICCC's 
higher efficiencies and environmental bene­
fits. Bu t  many developi ng countries have 
not yet adopted this perspective. "Devel-

would be established in the Beiji ng area. oping countries have a short-term view 
The success of such a project could open becau e they have so many problems 

up a vast market to U.S. compa nies-for that require the direct aUocation of fw1ds," 

OPEC 
countries 

Bank, the Asian Development 
Bank, and the Overseas Eco­
nomic Fund of Japan. And 
new sources of funding are 
emerging, such as the Global 
Environment Facility (GEF). So 
fa r, two dozen countries have 
committed a total of $2 bi ! L ion 
to the GEF to add res the is­
sues of global climate change, 
biodiversity, international wa­
ters, and depletion of the ozone 
layer. AdmittedJy, this sum is 

a drop in the bucket compared with the 
needs of the developing world. Bu t many 
view it as a step in the righ t  direction. 

"The important thing," sa ys Holt, "is 
that many organizations and countries are 
coming together to fol low through on the 
commitment made at the Earth Summit in 
Rio to help ensure that the next generation 
of power plants in the developing world is 
a clean one." • 

Background 1nformaimn for t h i s  a rtic le was provided by 
Neville Holl , Generalfon Group. 
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E 
lectronic office equipment rep­

resents the fastest-growing elec­

trical load in the fastest-growing 

utility market segment. As per­

sonal computers, printers, copiers, and fax 

machines have proliferated throughout 

the commercial sector, they have had a sig­

nificant impact on utility peak demru1d. 

Meanwhile, commercial customers are 

facing their own infrastructure problems 

related to the growth in the use of office 

equipment-for example, wiring over­

loads, overworked afr conditioning sys­

tems, and too few wall plugs. Tn response, 

EPRl is leading a national effort to develop 

more-efficient electronic office equipment 

and encourage its market peneh·ation. 

Working with several electric utilities, 

government agencies, and other researd1 

organizations, EPRJ helped create-and is 

now managing the research of- the Office 

Technology Efficiency Consortittm, which 

has drawn equipment manufacturers and 

major commercial customers into a dia­

logue on how to improve the energy per­

formance of office automation products. 

Specifically, the consortium seeks to pro­

mote improvement of the energy effi­

ciency, electricity demand, and power 

quality of these products without compro­

mising their competitive features or user 

productivity. For utilities, these improve­

ments promise reduced peak demand, 

better overall load factor, and fewer con­

cerns about power quality at the point of 

use. For customers, they mean increased 

immunity to power line disturbances, 

avoidance of wiring overloads or expen­

sive upgrades, and reduced demand on 

heating, ventilating, and air conditioning 

(HVAC) systems. 

"I've never seen such a level of cooper­

ation and commitment to bring about sig­

nificant change in a major group of prod­

ucts," says Morton Blatt, who heads EPRJ's 

research on residential and small commer-

16 EPRI JOURNAL July/August 1994 

THE [NERGY-[FFICIENT 
cial systems. "Even two years ago, very lit ­

tle had been done to heighten awareness 

of the importance of office equipment en­

ergy use. Now, improved technologies are 

being conunercialized very quickly, field 

demonstration programs are getting un­

der way, and awareness of office equip­

ment issues is growing. Manufacturers are 

collaborating with both utilities and their 

conu11ercial customers to bring more-effi­

cient equipment to market." 

Problem and potential 

In a large office, electronic equipment has 

typically accounted for about 8.4% of di­

rect electricity use and 7.0% of peak de­

mand. If the reckoning iJ1cludes the addi­

tional HVAC use required because of heat 

given off by this equipment, the combined 

load represents some l 0-12% of the of­

fice's total electricity demand. Since this 

demand occurs primarily during busiJ1ess 

hours, the rapid growth of office automa­

tion has been a major factor iJ1 worsening 

utility load factors. Moreover, the internal 

electrical systems of many office buildings 

are approaching the limits of their capac­

ity, raising the specter of expensive up ­

grades to handle future equipment addi­

tinns. 

Further growth seems inevitable. The 

past few years have seen a dramatic shift 

from central photocopiers and mainframe 

computers to dispersed copiers and in­

creasingly powerfttl desktop computers. 

Laser printers have largely replaced the 

much less energy- intensive impact and 

dot matrix printers. And new types of 

equipment, such as optical scanners, are 

being introduced at a surprising rate. 

Energy consumption by computers and 

printers alone has been increasing at 7 - 8% 

per year nationwide. The total cottld rise 

from about 40 billion kWh in 1990 to 

7 0 -125 billion kWl1 in 2000, depending on 

equipment efficiency and the penetration 

of new teclmologies a11d services. Accord­

ing to a study by the Massachusetts In­

stitute of Technology, however, the adop­

tion of energy-conserving procedures and 

the incorporation of more-energy-efficient 

technologies into these devices cottld actu­

ally lower the total demand in 2000 to 30 

billion kWh. 

"Most efficiency improvements will 

come in small bites, but the potential im­

pact is large," according to Jeff Harris, 

chairman of the Office Technology Effi­

ciency Consortium and deputy director of 

the Washington, D.C., office of the Energy 

and Environment Division of Lawrence 

Berkeley Laboratory. "The intrinsic energy 

requirements of electrortic office equip­

ment are very small because these devices 

move and store information. People began 

to think about energy efficiency when 

notebook computers became popttlar, be­

cause of the need to preserve battery life. 

Now we need to begin applying effi­

ciency-enhancing tedmologies to desktop 

equipment." 

Was your computer on 

last night? 

Even without further tedmological inno­

vation, considerable energy can be saved 

by simply changing the way office equip­

ment is used. The most obvious step, of 

course, is to turn off computers and other 

desktop devices at the end of the work­

day. One study indicates that American 

businesses waste some $4 billion worth 

of electricity each year by leaving lights 

and office equipment on when they are 

not needed. The energy cost savings po­

tential of turning off a personal computer 

(PC) and its associated printer (average 

combined load of around 180 W) during 

nights, weekends, and holidays is $73-

$126 per year. Even if the computer itself 

must be run continuously because of a 

network com1ection, just turning off the 



OFFICE THE STORY IN BRIEF Rapid growth in the use of electronic office equipment is 

increasing utility peak demand and putting a strain on the electrical systems of 

some commercial build­

ings. A broad-based con­

sortium of electric utili­

ties, government agen­

cies, R&D organizations, 

and public interest 

groups is working on 

research projects to help 

reduce energy use in 

this customer segment. 

Manufacturers have 

been very receptive, with 

changes already occur­

ring in the marketplace. 

EPRI, a founding mem­

ber of the consortium, 

has organized and helps 

manage the research 

efforts funded by the 

consortium members. 

by John Douglas 



monitor could save 30-60% of the com­

puting uni t's energy consumption. 

The effectiveness of reducing energy 
consumption by introducing improved 

work practices ha been hown through 

several individual company programs. 

IBM, for exa mple, estimates that it saved 

$1 7 .8 million in 1 991 by encouraging em-

chure informing employee about the ben­
efits of turning off equipment when it is 

not in use. The plan has reduced the fa­

cil ity's electric bill by more than $700,000 

a year. Through such d irect cooperation 

with key customers, Con Edison hopes to 

avoid add ing 400 MW of on-peak load 

during the rest of the decade-and thus 

TURN IT OFF Turning computers off at night and on weekends is the first line of 

defense against high office energy bi l ls ,  Power management features, which 

allow computers to "sleep" when not in use, can further reduce energy consump• 

tion. By far the most energy-efficient option Is the laptop computer; because 

these units had to be designed to run on batteries, low energy consumption was 

a primary consideration in their basic development. 
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ployees to turn off equipment after com­

pleting ta ks m1d to moderate th ir us of 

l ighting. Through similar measur s ,  Xerox 

Ca nada's corporate headquarters has re­

duced i ts energy use by 1 7-23%. 

ConsoUdated Edi on Company of New 

York, which for cast that i t  office tech­

nology load could double by the year 2000 

unless step are taken to reduce con wnp­

tion, has been working closely with key 

commercial companies in its service terr i ­

tory to implement conservat ion programs. 

One of these companies is American Ex­

press, who e headquarter in Manhattan 

has 10,000 PC users. Togetl1er1 Con Edi on 

and America n Express prod uced a bro-
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On 9 hours a day and 
power-managed 

Laptop 

to avoid exceeding the capacity of ome 

existing d i tribution facil i tie . The u ti lity 
estima tes potential savi _ngs of more than 

300 mill ion. 

Another u ti lity wi th an act ive energy ef­

ficiency program for office equipment is 

Pacific Gas and Electric Company (PG&E), 

which has focused a t tention on ways to 

improve overall cu tamer "energy produc­

tivity" and to respond to environmen tal 

concerns. This approach i ba ed on the 

realiza tion that savings on electric biUs 

may be much smal ler than indirect sav­

ings related to worker productivity or cus­

tomer infrastructure inve tment .  As one 

example of the potential for such indirect 

aving , the u ti l ity cite a California state 

agency tha t  had to pend $60 per squa re 
foot to upgrade the wiring in a new office 

bui lding to accommoda te its computer­

rela ted load .  Similarly, preventing even 

a few minutes of downtime due to over­

loaded circuits or power quality problem 

can yield savings that exceed the direct 

savings resulting from the use of more­

efficient equipment. PG&E has therefore 

concentrated on timulating market-based 

elu tion , including the establi hment of 

volw1tary energy standards for office 

equipment, the development of criteria 

customers can use when buying equ ip­

ment, and the creation of new te t ing pro­

ced ures so that equipment from various 

manufacturer can be compared fa i rly: 

Developing strategies 

To build on uch individual util ity pro­

grams and develop strategie for a broad 

nat ional effort to i11crea e office equjpment  

efficiency, the Office Technology Efficiency 

Consortium held a workshop in Sa n Jose, 

Cal ifornia, in June 1 992. Approximately 

1 00 representative o equipment manufac­

turer , u ti l i ties, a nd re earcher a ttended 

and made specific recommendation on 

how to accelerate market penetration of 

more-efficient equipment . A highlight of 

the workshop was the U.S. Environmen­

tal Protection Agency's announcement of 

its Energy Star Computers Program, to­

gether wi th re pon e from several manu­

facturer . 

The objective of the Energy Star pro­

gram is to encoura ge manu factu rers to de­

velop desktop PCs a nd monitor tha t  go 

into a tandby mode automatica l ly after a 

period of inactivity. Specifica l ly, to be el i ­

gible to use the Energy Star logo for mar­

keting purpose I manufacturer must pro­

duce PC and monitor tha t con ume le s 

than 30 W each in the standby mode. The 

program was expa nded in 1 993 to i nclude 

compu ter printers. 

The Energy Star progra m has received 

very positive respon e from manufac­
turers. At the 1992 work hop, Omar Kha­

l i la of Apple Computer ob erved that the 

program is part icularly i mportan t  becau e 

it levels the playing field: "For the fir t 

time, a cu tomer will have a way to a t  



least recog11ize a more energy-efficient 

compu ter.' '  Lou is Abernethy of L BM also 

praised the program : "We thin k  improv­

ing the energy efficiency of equ ipment 

is good business for our customers a nd 

for our computers . . . .  Our customers get 

lower electric biUs.  They might even get 

quieter u nits with no fans. There are possi­

ble rel iabi l i ty improvements from lower 

therma l  tre se . 11 

To d a te, over 300 ma nufacturers of com­

pu ters, monitors, and priJ1t rs have joined 

the EPA's Energy Star progrnm. Thes� 

manufacturers, who as a group a re re-

pon ible for over 75% of PC hipmen t 

and over 90'?< of prin ter shipments, have 

i n trod uc d more than 2000 qualified En­

ergy Star products. I n  addi t ion, several or­

ga niza t ions, iJ1clud ing  the federal gov­

ernmen t, have inst i tuted Energy Star pur-

chasing polic ies. "We expect to ee the 

number of Energy Sta r product i ncrease 

un til they repre en t the majority of com­

puter equipment sales wi thin a few 

yea rs," says the EPA's Linda Latha m .  

"Several manufacturers have told us that 

they p lr u1 to con vert their whole product 

line over to meet the Energy Star guide­

l ines. ln fact, Hewlett - Packard recently 

u pda ted its printer product l ine o that al l  

the printers it currently ma nufactu res are 

Energy Star compl iant . " 

On another front, the at ional Energy 

Policy Act of 1 992 cal led for the crea tion of 

"te t ing proced ures tha t  will enable pur­

cha er of commercia l office equipment to 

make more-inform d deci ion- abou t the 

energy efficiency and costs of al ternative 

products ." This effort is bei ng run by the 

newly formed Consortium on Office Prod-

uct Energy Efficiency, or 

Efficient Economy. An updated ver ion of 

the guide, including specific model desig­

na tions and the resu l ts of new test proto­

cols, is being prepared and should be 

available in early 1995 . 

REAL-WORLD DATA Studies by the National 
COPEE, which was put to­

gether by t h e  compu ter 

equipment industry. A a 

re u l t, information on the 

energy consum ption of of­

fice equipment may begin 

showing up on product 

by 1 996. 

Accord ing to the guide, photocopier 

typical ly conswne several time a much 

electr ic ity as individual compu ters, bu t  

si nce most office have many mor com­

puters , the e tend to dominate overa l l  en­

ergy consumption. The total energy use 

for all kinds of office equipment is approx­

imat ly equal to that for lighting in ome 

com mercial buildings. For a typical office 
of 200 employee , the annual direct energy 

co t for office equipment i about $44,050. 

U ing more-energy-efficient equ ipmen t, 

however, could reduce this cost to $7550. 

This reduction could be realized by ub­

stitu ting low-power laptops for some of 

the desktop computers, replacmg laser 

fax machines with ink-jet unit , reducing 
the number of printers, and u ing twice a 

many ink-jet printers as laser-ha d mod­

els . 

Research Counci l  of Canada have traced desktop 

computer use patterns in actual office environ­

ments. The mean overal l  daily use profi les for 94 

machines, shown here, prove the value of energy 

management systems that automatical ly switch off 

a computer after a specified period of keyboard and 

mouse inactivity. 

No energy management 
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Actua l keyboard/mouse activ ity 
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Buyers' guide 

Using a Laptop compu ter as a desktop 

substi tute is one option for avmg consid­

erable energy, even if the laptop is used 

with a full-size monitor during office 

hours. Several energy-saving technologie 

that are already being u ed in laptop com-

ln the meantime, the Office puters could also be adapt d for u e in 

Technology Efficiency Con- future d� ktop unit . The e include low­

orti Lun ca11 provid e help voltage a rchitecture, low-energy hard disk 

with equ ipment  purchase d rives, CMO (complemen tary metal ox­

and use. In one of its first ide semiconductor) circuit chips that re-

projects the consortium last 

year published the Guide to 

Energy-Efficicn t Office Eq1 1 ip-

1 1 1c1 1 t ,  which provides con­

su mers with a genera l ref­

erence on the energy con­

su mpti n characterist ics of 

va rious types of electron­

ic office prod ucts. Beca use 

no tandard ized test pro­

cedures were avai lable for 

determining average con-

umption und r typica l  op­

rating condition for spe­

cific model , no product 

names are given. The guide 

was prepared by the Amer­

ica n Council for an Energy-

quire very L it tle energy to su tam memory, 

and advanced power management tech­

nology for putting the computer i nto 

tandby mode after a period of inactivi ty. 

A lso, the l iquid cry ta ! monitor used by a 

laptop consu me only 1 0-20% a m uch 

power per square inch as an ordi nary 

color monitor based on a cathode-ray 

tube. By using such technologie , a typicaJ 

laptop draw a maximum of only 15 W of 

power, compared with a typical de ktop 

compu ter and its monitor, which draw 

abou t 1 30 W. 

As the guide poin t  out, however, a 

consw ner looking a t  the manu facturer's 

namepla te would usually ee a rating su b­

stant ia l ly grea ter thru1 the actual con-

umption level, since many computer 
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ENERGY STAR ON THE RISE 

The EPA's Energy Star Comput· 

ers Program, which encourages 

equipment manufacturers to 

build energy management 

capabilities into their product 

l ines, has been a tremendous 

success in its first two years. 

To date, over 2000 computer, 

monitor, and printer models 

have met the efficiency criteria 

that allow them to display the 

Energy Star logo. 



have relatively la rge power supplies to ac­
e mmodate future circuit boards or other 
add-ons_ Thus a PC that op rates with a 
full power load of 1 00-150 W might have a 
namepla te rating of 300 W. The develop­
ment of new test proced ures should help 
overcome such discrepa ncies and provide 
buy rs with the type of in.formation they 
need to make energy-consciou pu rcha -
ing decisions. 

Hard-copy savings 

The guide also recommends using print­
ers and fax machines based on i nk-jet 
technology, rather than la er or thermal 
imaging technologie , as a way to reduce 
energy con umption when preparing hard 
copies of docW11ents. A typical ink-jet 
pri nter wi th a printing speed of three 
pages per minute, for example, consumes 
8-1 2 W of power when idle and 15-23 W 
when printing. A la er printer with a 
printing peed of eight page per min­
u te consumes 75-1 00 W when idle and 
250-300 W wh n printing. Al o b  comj ng 
available are ink-jet photo opier , which 
require much less energy than copiers that 
use heat and pressure to fuse powdered 
toner onto a sheet of paper. The ink-jet 
copiers requ ire a separate digi ta l  scanning 
step, however, and thus are slower and 
more e. pensive tha n conventional copier. 

B cause fax machine typica lly run 24 
hours a day, the vast majority of a u nit's 
energy consumption occurs d u ring peri­
ods of inactivi ty. For this reason, it 's par­
ticula rly importa n t  to choose equipmen t  
that i efficient in the tandby mode. Ink­
jet fax machines u e con iderably le 
energy than tho e ba ed on the direct 
thermal proc ss or on laser technology. 
Anoth r importa nt consideration with fax 
machine i paper use. Today's most pop­
u lar models use heat-sensit ive, coa ted pa­
p r that cannot be recycled. Ink-jet models 
can u e plain paper, whose cost i one­
third to one-fifth that of thermal paper. 
Thus, assU Jning a volume of 50 sheet per 
day, the more expensive i nk-jet fax ma­
chine can pay for i tself in le than a year 
through sa vings on paper alone. 

In the fu tu re, several peripheral func­
t ions a re expected to be incorporated in­
to ingle machine , popularly called hy-

d ra . The e machines typical ly combin 
printing, scanning, faxing, and copying in 
a single u ni t .  They are expected to help 
reduce office energy use by replacing mul­
tiple machines tha t  wou ld each consume 
con iderable power during period of in­
activity. Data are sparse, but the hyd ra­
type machine offered by one manufacturer 
r portedly ha a ta ndby power consu mp­
tion of only 40 W and an active-mod e con­
swnption of 300 W 

As the guid notes, offic 

tional eminar will be held i.n New York 
City to acquaint utility marketing repre­
sen tat ives, research professionals, policy­
makers, and demand-side management 
plan ners from around the wo.rld with the 
late t development in thi fa t-moving 
field. The seminar will highlight n w 
products and emerging technologies, with 
particular emphasis on network compati­
bility and power qua lity issues; curren t 

paper consumption itself 
represen ts a large amount 
of energy con umption; ac­
counting for thi energy is 
d i fficult, however, ince i t s  

CHOOSE YOUR TECHNOLOGY CAREFULLY Looking 

for equipment that incorporates energy-saving features 

is a good idea, but sometimes changing to a com­

pletely different technology can mean far greater 

cost is a l ready included in 
the price of the paper. A 

sheet of plai n  paper re­
quires 1 0-30 Wh of ener­
gy to produce-three times 
the energy needed to make 
a sheet of paper using re­
cycled ma terials. a tion­
wide, U1erefore, encou rag­
ing less paper use and more 
paper recycling could make 
a major contribu tion to en­
ergy conservation. 
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Only about 20% of high­
grade pap r from commer­
cial office is now recycl d, 
and paper consumption in 
some offices ru n  as high 
as 8000 sheets per employ-

savings.  As shown here, an ink-jet pr inter, which does 

not employ a heat-fusing mechanism, requires only a 

fraction of the energy used by the current generation 

of energy-efficient laser printers. 

ee per year. The guide sug-
gests placing recycling bins a t  more-con­
venient locations throughout an office; i t  
notes that b caus over 40% of typical of­
fice sol id waste is paper, it may be possible 
to red uce wa te d i  po a l  co t through re­
cycling. Another suggest ion is to incr ase 
the use of e!ectronk ma i l  and thus reduce 
the amount  of paper needed for routine 
office communication. 

Next steps 

In add ition to prepa ring an updated 
guide, the Office Tedu,ology Efficiency 
Consortiu m  is taking other steps to en­
courage the development and use of 
more-energy-efficient ofnce equipment .  
Thi coming October 1 7-1 9, an interna-

utility and u er program ; progre in the 
E PA' Energy Star initia t ive; and other 
"market-pull" program . Pa nel d i scus-
ions and presentations wi l l  emphasize 

experience with energy-efficient equip­
ment and measured energy u e. 

The consortium is also coordina ting 
work with other industry group to char­
acterize power uppHes now u ed with 
office quipment and  to iden tify more­
efficient technical alternatives. The trend 
in recent year has been for manufacturers 
to spend less money on power supplies in 
order to compete with low-cost imports 
and off brands. As a result, the energy per­
forma nce and power quality characteri -
tic of some power supplie have been ad-
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Efficiency Consort ium 

Cali fornia I n  t i tute for Energy Efficiency 

Consol idated Edi on Company of ew York 

Electric Power Research Institu te 

w York Sta te Energy Research & Devel-

opment Authority 

Ontario Hydro 

Pacific Ga and Electric Company 

Southern California Edison Company 

U.S. Department  of En rgy 

U.S. Environmental Protect ion Agency 

Wisconsin Center for Demand-Side Research 

Other Part ic ipat ing 
Organizations 

American Council for a n  Energy-Efficient 

Economy 

Associat ion of State Energy Re earch and 

Technology Tran fer In titution 

Ba ttelle Pacific North west Laboratori s 
Ca l ifornia Energy Com mi sion 

Carnegie M lion University 

Florida Solar Energy Center 

Lawrence Berkeley Laboratory 

Ma sach usett In titute of Technology 

ational Insti tute for Standards and 

Technology 

ational Renewable Energy Labora tory 

ational Research Council of Canada 
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Corporat ion 

N UTEK (Swedish ational Board for 

Ind ustrial a nd Technical Development) 

Ohio Department of Development 

Rocky Mounta in Institute 

State of Iowa 

U.S. General Servic s Admini t ra t ion 

WHAT CAN BE DONE TODAY? Currently 

available hardware and efficient use 

strategies can make a dramatic difference 

in officewide energy consumption. In the 

two scenarios shown here,  shrewd equip·  

ment choices, the turning off of equipment 

after work hours, and the additional sharing 

of computer printers reduced annual 

energy costs by over 80%. 



BUY RIGHT, USE RIGHT The Office Technology Efficiency Consortium's equipment guide provides general recommendations on 

equipment purchase and use for maximizing energy efficiency. These suggestions can help lower a company's energy bi l ls ,  and 

some have addit ional benefits. For example, double-sided copying, reuse of single-sided documents, and use of electronic mail  

save both on an office's paper costs and on the energy expended for paper manufacture nationwide. 

Recommendations for Buying Recommendations for Operating 

Personal Computer , Buy a laptop computer • Turn off at night and on weekends 

, Buy an Energy Star computer • Activate power management features 

• Turn off when not In use dur ing the day 

Computer Monitor • Buy an Energy Star monitor • Turn off at night and on weekends 

• Consider a monochrome monitor • Act ivate power management features 

Consider an active-matrix color LCD • Turn off when not in use dur ing the day 

Buy monitor only as large as needed 

Buy on ly as much screen resolution as needed 

Computer Printer • Consider an ink-jet printer • Turn off at n ight  and on weekends 

, Buy an Energy Star printer • Activate power management features 

, Consider sharing a pr inter Reuse paper 

• Consider a unit with double-sided printing • Use electronic mall 

Copier • Choose a properly s ized unit , Turn off at n ight and on weekends 

• Consider a copier not based on heat- and • Activate power management features 

pressure-fus ing technology . Use two-sided copying whenever possible 

• Compare ASTM ratings , Batch copy Jobs 

• Buy a unit with power management features 

• Choose a unit offering convenient  two-sided copying 

Fax Machine . Buy a unit with a low slandby energy rating Reuse paper 
. Consider a pla in-paper lax Use electronic mail 

ver ely affected . A PC power u pply rep­

resents about 2-5% of the total cost of th 

computer-typica J ly abou t 50 for a 2000 

P . Prior re earch indica t • tha t  en hancing 

the power ·upply (ra i ing thi · price to 

7) could ignifica nt ly i mprove energy 

efficiency and power qual i ty. Tl1e resu lts 

ol the power u pply stud y wiU be pre-

en ted al the w York seminar. 

"Previous EPR I work at the Power Elec-

tronics Application en ter ha provided 

a ma rked Jy improved d ign for power 

upplie ," comment Wad e  Malcolm, who 

mru1ag th ln t i tu te's research on power 

electron ic and con t rols. ''By us ing a high­

fr quency witching de ign, we can pro­

vide h igher-efficiency conversi on of ac to 

de power for compu ters, in a smaller 

package than conventional power up­

pl ic . This dcsigi1 shouJd al o prove to be 

more reliable becau e it has fewer compo­

nent·. Fi l ter can be add d to mitigate har­

monics, and imp dance ma tchi ng can pro­

vid an impr ved pow r fa tl r .  We ar 

now d iscussing these possibi l i ties with 

manufactu rers and i n terested u t i l i ty rep­

resenta t ives." 

f.'inal ly, the consortium is planning to 

sponsor field demon. tra l ion of Energy 

ta r computer a nd printer , to be con­

ducted by 5 t 1 0  u ti l i t ies a t  ommercial 
cu tomer·' premi  Al th · pi lot i te , 

office equipment w i l l  b t . ted accord ing 

to  new protocols in order to  determ ine 

both typical a nd best-pract ice cha rncteris­

tic for energy use, peak d mand, a nd 

power qual i ty. Each pa rticipating uti l ity 

will be re ponsible for de y-to-day main­

t nance f the t s t  equipmen t and for 

data handling. The r ult· wil l  b shared 

through the onsort ium. 

' ' Improving the energy ffici ncy f of­

fie q u ipm-nt  can be a win-wi n-wi n s i t­

uation for users, manu facturers, and ut i l i ­

tie , "  concludes Morton Blatt .  " ustomcr · 

wi l l  enjoy lower co ts with a t  lea ·t compa­

rabl equipment perfom,anc . Manufa -

turer ca n use this opportuni ty to nhance 

th ir pr d ucts and thus impr v Lh i r  

o m p  t i t iv po · i t ion in the marketplace. 

A nd ut i l i t i  ca n brea the a sigh of re l ief 

a t  c1 void ing  pen i ve add itions to  t heir 

di tribut ion ystem by L imit ing on-pea k 

demand. Also, t l1ere can be environmental 

qua l i ty payoff from overa l l  energy con­

�erva t ion that wi l l  benefit everybody." • 

Background l nforma1 1on !or 1 h1s ar tocle was provided by 
Morton Blall , Customer Systems Group 
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THE STORY IN BRIEF Long envisioned as an almost ideal way to store large 

amounts of electricity with virtually no losses, superconducting magnetic energy stor­

age technology has been under development by both the government and the utility 

industry for over a decade. Meanwhile, a new perspective has emerged on the value 

to utilities of the technology� dynamic operating benefits-enhanced frequency reg­

ulation, transmission stabilization, and load-following capability, for example. These 

benefits and the benefits of the technology in a conventional energy storage role, 

coupled with recent design advances, are leading to renewed efforts to build and 

demonstrate SMES systems for utility application. The tech-

nology has already been commercialized at small scale as a 

solution to short-term power quality disturbances and outages 

at industrial and military sites. Storing 



L 
aboratories around the world 

continue to make significant 

strides in developing electric 

power applications for recent­

ly discovered high-temperature supercon­

ducting materials-materials that Jose 

electrical resistance when cooled to the 

temperature of liquid nitrogen. Bu t a ma­

jor application of superconductivity based 

on the more commercially and technologi­

cally mature low-temperature supercon­

ductors-superconducting magnetic en­

ergy storage (SMES)-has already entered 

the commercial market, although in a dif­

ferent size and type of application than 

that originally of interest to utilities. This 

development highlights an emerging new 

perspective on the value of SMES technol­

ogy's dynamic operating benefits, both to 

util i t ies and to their customers. 

SMES promises to be the ultimate real­

ization of the uti l i ty industry's long-run­
ning quest for a truly high-power, high­
efficiency, rapid-response, and reliable en­

ergy storage system. Using what is essen­

tially a large coil of conductor maintained 

at a superconducting temperature, SMES 

is the only technology that stores energy 

directly in the form of electricity. Even 

accounting for the conversion of ac into 

de-the form of electricity stored in the 

coil-and its later reconversion to ac, SMES 

can offer an unprecedented round-trip 

d ispatch fficiency of 95% or more. That 

compares with 70-75% for other forms of 

storage, such as compressed air, pumped 

hydro, or lead-acid batteries, which mu t 

convert electricity into stored potential 
mechanical or chemical energy and then 

turn it back into electrici ty when needed . 

Its high storage efficiency and high 

power capacity, together with a response 

time that is measured in milliseconds, 
make SMES ideal for a large spectrum of 

ut i l i ty operational uses. These range from 

stabilizing power system voltage and fre­

quency to serving as a large reservoir of 

megawatthours that, if necessary, can go 

Megawatthours With by Taylor Moore 



BENEFITS ACROSS T H E  BOARD The new perspective on SMES is that the technology offers a wide range of strategic and 

dynamic benefits in addition to its usefulness in conventional,  load-leveling energy storage. The use of SMES to enhance both 

generation system and transmission and distribution system assets can translate into significant strategic competitive advan­

tage for util ities. In power quality and protection applications at the microscale level of energy storage, SMES also offers 

benefits directly to customers. 

Reduced/sh ifted Fewer outages Lower fue l -shock 
emissions risks 

Improved Improved power Less rel iance on 
frequency contro l quality purchased power 

Increased uti lizat ion Improved grid Potential wheeling 
of baseload plants util i zation revenue 

from charging to discharging 
to the grid at ful l  power in 
4 mil l i  econds. That interval 
is cibout one-quarter of 1 of 
the 60 cycle per ·econd in 60-
Hz c1c power ystcms. And 
SMES uni ts shou ld be a ble to 
opera te through mil lion of 
cha rge-d i charge cycle over 
c1 long a 40 year with no 
signi fica nt deteriorat ion in 
performance or effi iency. Ex­
cept for the cryogenic pumps 
tha t  ma in tc1in the required 
tempera tu re of the coi l ,  t here 
ilre no moving parts, and the 
only energy los e -about 4% 
with tod ,  y' t chnology-oc­
cu r in the power converter. 

S ·s was first proposed 
over 30 yea r ago as an al ter­
na t i  e to pumped-hydro stor­
age. It u ·e on a ignrncant  
scale by util i t ie in the next 
century could tra nsform the 
economi s of power genera-

Benefit-to-Cost 
Ratio 

5 

4 

3 

2 

Storage lime (hours )  

SPOTLIGHT ON DYNA M I C  BENEFITS Recent EPRI 

studies of the dynamic uti l ity benefits of SMES reveal a 

substantial  posit ive benefit-to-cost ratio for units with 

higher power ratings but shorter energy storage t imes 

than were original ly considered appropriate for SMES.  The 

graph shows results from an analysis of the use of S M ES 

for frequency regulation and transmission stability by a 

hypothetical util ity with the same mix of generating 

capacity as the mix for the entire United States. In these 

appl ications, the benefit-to-cost ratio is greatest for a unit  

configured to provide high output power with 1 hour or 

less of discharge t ime. 

Fewer blackouts 

Improved power 
qual ity 

Improved 
customer retention 

production of electric ity from 
the constra int of ha ving to in-
tantaneou ly serve fluctuat­

ing dema nd .  M ES cou ld  also 
store low-cost, off-peak elec­
tricity purchased from other 
utilities or third parties, or 
produced by intermittent re­
newable re ources, for distri­
bution to customers on-peak. 

A paradigm shift in percep­
tion abou t the dynamic oper­
at ing benefits of S ES is occur­
ring as a result of recent de­
sign breakthroughs for lower­
co t, lower-capacity SM ES unit  
than were originally nvi­
sioned . In such appl ications ilS 
tra nsmission system stabi l iza­
hon, SM ES could enc1ble higher 
loc1d ing and increased power 
transfers over long-distance 
transmis ion lines. Moreover, 
EPRI ha e timated thflt the 
projected need for additional 
genera t ing capacity in the fu -

tion and system opera t ions.  S ES cou ld 
grea t ly improve asset u t i l ization of bot h  
genera ting plan t c1 n d  trn n mission net­
works-a gr wing priority for increa -
ingly competitive electr ic u tilitie 

cess, low-co t energy from baseload pfo nts 
for d ispa tch d u ring periods of pea k de­
mand (when the incremental co t of addi­
tional  generat ion i highest), SMES couJd 
flat ten the co t d ifferential  between pea k 
and off-peak generation and decouple the 

ture cou ld be red uced by as much as 1 5% 
by the widespread use of energy storage 
systems l ike SMES. (For more information 
c1bout energy storage technologie and 

By enabl ing the routine storage of ex-
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trategies, ee the E.Pt<J  Jo11 rnal , J u ly/Au­
gust 1 989, p. 4.) 



The new appreciation of the dynamic 

operating benefits of SMES is expanding 

the range of the teclmology's potential 

power system applications for utilities. 

But even as interest in such cost-effective 

uses continues to develop, industrial and 

commercial customers with operations 

that are sensitive to power quality distur­

bances are already beginning to apply 

SMES at the microscale level of up to sev­

eral megawattseconds (MWs). For about 

two years, a Wisconsin firm has commer­

cially offered a mobile, trailer- installed 

superconducting storage system that can 

protect against costly shutdowns caused 

by power distw-bances. The system has 

been demonstrated at several industrial 

and manufacturing sites, and EPRT and 

Carolina Power & Light Company are col­

laborating to document and evaluate tests 

at three of the utility's industrial cus­

tomers (see sidebar). The U.S. Air Force, 

meanwhile, has ordered several units for 

power conditioning and protection at its 

installations. 

Early studies 

Some of the first studies of SMES for utiJjty 

use were conducted in France (in the late 

1960s); at the University of Wisconsin, un­

der the sponsorship of Wisconsin utilities 

and the predecessors of the U.S. Depart­

ment of Energy; and at the DOE-funded 

Los Alamos NationaJ Laboratory. EPRT 

established a long-term program on SMES 

in 1980 and in 1982 began studies of the 

technology's engineering, performance, 

constmctibility, and costs. In 1983, EPRI 

developed a business plan for an engi­

neering test model (ETM) to serve the util­

ity industry as a commercial prototype pi­

lot plant. 

The physics of a SMES coil and the then­

high cost of low-temperatw-e supercon­

ductors (LTSCs) drove early designers to 

large-scale systems. High current capacity 

was a major goal, since the amount of en­

ergy that can be stored increases by a fac­

tor of 4 with a doubling of the current. 

And the more energy that is stored, the 

more kilowatthours there are over which 

to spread a SMES pl,mt's cost: the early 

studies determined that a doubling of 

storage capacity reduced the cost per 

stored kilowatthour by 20%. 

EPRl's evaluations assessed the initial 

capita] cost of a large SMES device ( 1000 

MW of power for 5 hours) at over $1300/ 

kW- at that time (the mid- l 980s), about 

30% higher than pumped-hydro and twice 

as high as compressed-air energy storage. 

A long-term R&D effort couJd, it was esti­

mated, reduce the capital cost to below 

$900/kW, arow1d the high end of the cost 

of other forms of storage. 

A 1000-MW, 5-hour SMES coil (the 

largest plant size that was ever envisioned 

for utility use) would be large indeed-

1000 meters in diameter. The mechanical 

stress and radial forces that, at large scale, 

would be exerted on the coil during cur ­

rent charging led to an tmderground de­

sign to take advantage of low-cost earth 

support- for example, in 9-meter -deep, 

concrete- Lined trenches that would con­

tain the vacuum-vessel cryogenic enclo­

sure for the conductor coil. 

But even with the scale factor at work, 

a 5-CWh SMES plant would have cost 

over $1 billion. EPRI and its early design 

contractors, Bechtel Group and General 

Atomics, decided to pursue a technology 

development path that would begin in 

smaUer terms- with an ETM capable of 

providing a Jew tens of megawatts for a 

couple of hours. 

Around the same time, a significant 

demonstration of SMES on a smaller scale 

helped provide a design basis for estimat­

ing the cost of larger units and success­

fully showed the basic operational func­

tion and reliability of SMES. With DOE 

funding, the Los Alamos National Labora­

tory and its contractors built a 10-MW, 3-

second SMES coil that was installed in 1984 

on the Bonneville Power Administration 

transmission system at a Tacoma, Wash­

ington, substation. 

The unit successfully operated for over 

a million charge-discharge cycles and con­

vincingly demonstrated a fast-response 

capability for stabilizing BPA's 500-kV net­

work, which helps move large amounts of 

power between the Pacific Northwest· and 

southern California on a seasonally alter­

natiJ1g basis. After several months of op­

eration, however, the SMES unit's refrig­

eration system failed; because of budget 

constraints, the system was not repaired, 

and the project was terminated. Even so, 

the BPA experience effectively demon­

strated the integration of SMES into a util­

ity system and validated one of the key 

dynamic benefits that would be pursued 

in later projects. Today, SMES coils for an 

intermediate range of power rating aJ1d 

energy storage are being evaluated as part 

of EPRl's development of FACTS <Aexible 

ac transmission syst�m) technology. 

Technology development continues 

The future direction of SMES and of ETM 

development remains tmcertain. Support­

ers sti!J have hopes of winning sufficient 

congressional and administration support 

for starting construction on some sort of 

demonstration unit, pending a redefini­

tion of the government program's spon­

sorship within the U.S. Navy and DOE. 

While administration support and U1e 

actual budget for demonstrating SMES 

have varied over the years, the fundamen­

tal technology has continued to develop. 

The two contractor teams working on 

SMES designs-which are headed by Bech­

tel and Raytheon-EBASCO Division (for­

merly EBASCO Services)-have updated 

their designs as commercic1l LTSCs have 

reached new heights of performance in 

terms of current-carrying capacity. LTSC 

cables are now avaj]able that have a cur­

rent-carrying capacity well over the de ­

sign criterion considered necessary for 

large-scale SMES coils. Last fall, Bechtel 

achieved a world-record 303,000 amperes 

(de) at 1.8 K i11 a 5-tesla magnetic t1eld 

in tests of a full-scale coil conductor de­

signed for the Bechtel team by General 

Dynamics and made from LTSC niobium­

titanium wire. 

The tests used a cable-in-conduit cun­

ductor-in which liquid heliw11 fills the 

hollow center of a multistrand cable. Ac­

cording to Bechtel, this and other innova­

tions enable a SMES design breakthrough 

that promises a substantially-lower-cost, 

aboveground coil design and therefore a 

more affordable plant. Bechtel says that, 

compared with earlier designs, such a sclf­

supporling coil could cut the capital cost 

of a SMES unit by up to 30%, and that it 

should also shave a fuJJ year from the pro-
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SMES-1 site arrangement 

SELF-SUPPORTED 

COIL KEY TO NEW 

BECHTEL DESIGN 

Bechtel says that a 

design breakthrough 

permitting a self-sup­

ported, ground-level 

storage coil could 

reduce the capital 

cost of a SMES unit by 

up to 30%, compared 

with earlier earth-sup­

ported, lined-trench 

designs. The new 

design concept, which 

also shortens the esti­

mated construction 

schedule for a typical 

unit from four years to 

three, has been devel­

oped by Bechtel for a 

300-500-MW plant with 

9-90 seconds of stor­

age. The plant is 

dubbed SMES-1. 

Liquid-helium-filled cable-in-conduit conductor 

Self-supported coil 



jected four-y ar construction chedule for 
a device on the seal of an ETM. 

Perhaps most important, the break­
through to a self-supported coil design 
makes po sible a much more scalable tech­
nology development path. This means 
that a demonstration unit mailer than 
envisioned for the ETM could be scaled up 
in power rating and capacity in commer­
cial designs all the way to the equivalent 
of 1 000 MWh of storage, with costs and 
performance confidently predicted through 
straightforward engineering. EPRI ha re­
cently estimated, on the basi of the latest 
design and cost estima tes, that commer­
cial, large-scale (500-MW, 2-hour) uti l ity 
SMES wuts could cost about $600/ kW, 
assuming sales of more than two units a 
year. 

Bechtel has now de igned a mailer, 
aboveground demonstration unit, dubbed 
SMES- 1 ,  that would have a power rating of 
1 00-500 MW for 7.2-360 seconds of stor­
age and would cost $50 mil lion to 1 00 
million as a first-of-a-kind unit. Its princi­
pal application would be for transmis­
sion tabili ty. ln contra t to the ET de­
sign' 1 00-meter-diameter coil, the diame­
ter for a u nit the size of SMES-1 would be 
only abou t 20 meters. I t  is expected that a 
unit even of this scale could provide the 
necessary operating and test data to demon­
strate nearly all of the potential utility a ppli­
cations of SMES, po sibly even including 
pinning re erve and peak having. 

The company is proposing a dua l-use 
technology project to build a SMES-1 unit 
under a 50% cost-sharing a rrangemen t 
between industry and the government 
(whose hare could come from defense 
conversion funding under the Department 
of Defense' Technology Reinvestment 
Program) . Meanwhile, Raytheon-EBASCO 
Division ay that it a lso ha a calable, 
aboveground design for a system on the 
order of an ET (about 20 MWh of energy 
storage), as well as a design for a self-sup­
ported, low-cost smaller unit for lower 
levels of energy storage. In fact, the tech­
nology for SM ES systems is within the 
capabil ities of many power engineering 
companies. 

EPRJ is currently in active discussion 
with officials of the avy and DOE about 

EXAMPLES OF SMES APPLICATIONS: POWER LEVELS AND DURATIONS This 

table indicates the range and diversity of SMES applications in the areas of uti l ity 

energy management and power qual ity. Larger SMES units would be capable of 

providing multiple benefits, Including some of the benefits of small units. 

Type ot Appllcmlon 

Customer level 

Power interruptions 

Carryover 

D istr ibution feeder 

Power interrupt ions 

Vo ltage/VAR support 

Load leve l ing/peak shaving 

Transmission substation 

Transmission stabil ity 

Vo ltage/VAR support 

Transient damping 

Generation system 

Frequency control 

Spinning reserve 

Dynamic response 

Load leve l ing 

the possibilities for a SMES demonstration. 
San Diego Gas & Electric Company is con­
sidering a pilot plant the size of SMES-1 
that it believe could benefit a number of 
utilities in the Southwest. Other ut i lities 
remain interested in the bulk storage and 
load-leveling benefits of SMES, in addition 
to it dynamic benefits, and are hopeful of 
seeing the technology demonstrated at the 
scale of the earlier ETM design. 

Meanwhile, government fu nds are al­
ready committed for a $25 million project 
to demonstrate SMES on a smaller scale 
for a limited range of utility applications. 
In a DOE-managed project funded by a 
grant from the Pentagon's Technology Re­
investment Program via the Ad vanced Re­
search Projects Agency, Babcock & Wilcox 
Company is designing a 30-MW, 60-sec-

Power Durmtlon 

0.2-5 MW 0. 1-5 seconds 

0.2-5 MW 0.1-5 seconds 

1-5 MW 0.1-5 seconds 

1-5 MW 0. 1-5 seconds 

1-5 MW 1 minute-2 hours 

1 0-500 MW 1 -30 seconds 

1 0-500 MW 0. 1-0.5 second 

1 0-500 MW 1-4 hours 

1 00-1 000 MW 1 0-60 seconds 

1 00-1 000 MW 1 5-30 minutes 

1 00-1 000 MW 1-2 hours 

1 00-1 000 MW 1 -5 hours 

ond SM ES unit for installation on the 1 1 5-
kV transmi ion system of Anchorage 
(Alaska ) Municipal Light & Power Com­
pany. 

The unit, which may be operating by 
late 1 997, will be used primari ly for shift­
ing some spinning- reserve duty from 
combustion turbines to hydro units. That 
will allow Anchorage ML&P both to save 
fuel costs a nd to reduce the number of 
power outages that result from brief sys­
tem disturbances . The SM ES u 1ut will also 
provide voltage and VAR support and is 
thus expected to increase transmi sion ta­
bility limits, which, in turn, will allow in­
crea ed power transfers with neighboring 
utilities. 

As a result of analyses sponsored in part 
by EPRI, Anchorage ML&P estimates that 
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EBASCO'S DESIGN COU L D  NOW GO ABOVE GROUND Raytheon-EBASCO Division, 

which heads a second S M ES design team under the joint government-industry 

technology development effort, says it also now has a ground-level, fully scalable 

SMES coil desi!)n that could be built in smaller s izes for lower energy storage 

levels than called for in earlier designs. The cutaway drawing depicts EBASC·O's 

version of a 1 0-MW, 2-hour SMES coi l instal led at grade.  The photograph of a 

cutaway model shows an earlier, below-grade design concept. 

the SM ES y tem could provide benefit , 
largely in the form of fuel a vings, worth 
$2 million a year. The cryo tat, measuring 
abou t 21 meters long and 4 meters in di­
ameter, wou ld be pad-mounted on its side 
at a transmission substation, with sma ll  
build i 11gs for the refrigera tion system and 
t he power converter nearby. 

Benefits becoming more 

appa rent 

Anchorage ML&P' stima tes ol the value 
of operating a mal l  SMES w1it on a rela­
t i vely smal l uti l i ty sy tern are only the lat­
e t in a growing Ii t of utility benefit a -
sessment sponsored by EPR I a nd now 
DO that strongly point to a multitude 
of tangible daily operat ing advantages 
afford ed by the teclmology' flexibility. 
M ost of these u tility studies have involved 
extensive u e of three EPRl software pack­
ages-DYN AMICS, DYN ASTORE, a nd the 
Extended Tran ient-Midterm Stability Pro­
gram ( ETMSP). 

The first two are specialized softwa re 
package that i 11eorporate rea listic unit 
commi tment and dispatch simulations 
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and model hourly util i ty generating costs, 
allowing the first real evaluations of the 
dynamic benefits of energy storage, as op­
posed to its conventional load-leveling 
benefits. Dynamic benefits include the 
ability to use storage for spinning reserve, 
frequency regulation, rapid load follow­
ing, and transmission stabilization . The 
ETMSP softwa re is used for transmission 
stabi lity calculations. 

EPRl is sponsoring a joint SMES benefits 
study by five West Coa t utili ties that rou­
tinely buy and sell power among them­
selve . The project is investigating how 
SMES could increase effective transmission 
capacity-a nd, i.J1 turn, regional power 
tra J1 fer capabil i ty-by dampening sub­
synchronous resonance among genera tion 
source that can cause damagi.J1g power 
system oscillations. BPA, Los Angeles De­
partment of Water & Power, Pacific Gas 
and Electric Company, Sa n Diego Gas & 
Electric Company, a nd Southern Cal ifor­
nia Edison Company are providing  sys­
tem data and results review to EPRI 's con­
tractor, Battelle Pacific orthwest Labo­
ratories (P L) .  Bechtel is providing SMES 

sy tern de ign support and applica tion 
cost da ta. The project will quantify SMES 
benefi ts and compare S ES with other 
transmission stabilization technologies, 
such as static VAR com pen ator . 

PNL used ETMSP to model the West 
Coast tra nsmission sy te rn with SMES 
u nits at several d ifferent locations. So far, 
the study has found tha t SMES may have 
as much as a 2-to- 1 power transfer en­
hancement ratio a a result of it ability to 
dampen ystem o cillat ion . Thi mea n , 
for example, that a 250-MW SM ES coil 
cou ld increase power transfer over the Pa­
c i fic Intertie--a erie of in terconnected 
lines extending from the BPA system a L I  
the way to  southern Ca lifornia-by 500 
MW, using only econds of electrici ty stor­
age. By itself, this would be worth severaJ 
millions of dollars a year iJ1 avoided fuel 
costs. And as een in other stud ies, SM ES 
could help provid e spinning reserve, r -
ducing such requirements from other 
types of generation.  Resu lts of the We t 
Coast study are expected to be publi hed 
by EPR! this year. 

EPRI 's benefit studie have highlighted 
the va riety of roles SM ES ca n play i n  
power system operations, revealing the 
nonintuit ive na ture of both the applica­
tions a11d the potential  u nit sizes. These 
multiple funct ions enhance the benefi t­
to-co t ratio for a given utility scenario, 
a lthough the benefits are highly y tem 



specific. In another EPRl-sponsored study, 

BPA used EPRl's DYNASTORE code to ana­

lyze specific scenarios and discovered that 

the most cost- effective SMES unjt would 

require about 1200 MW for 1 hour- less 

than one-sixth of the storage capacity orig­

inally considered necessary. 

A possible downside of SMES involves 

concern over potential human health risks 

of exposure to electric and magnetic fields 

(EMF). The magnetic field generated by 

a SMES coil, although quite strong, is a 

de field. In contrast, research that is be­

ing conducted on possible EMF health 

effects, including the substantial effort 

sponsored by EPRI, focuses on ac fields. 

Researchers have suggested that the pos­

sible biological effects of EMF exposure are 

due to interaction mechanisms that de ­

pend on the alternating nature of ac fields. 

Still, this important technjcaJ distinction 

between ac and de may not prevent the is­

sue from being raised about utility SMES 

systems, from the standpoint of both pub­

lic siting and worker exposure. As is the 

case with most ac magnetic fields, the 

strength of a SMES coil's de field dimin­

ishes rapidly with distance, a11d an exclu­

sion perimeter around a SMES unit would 

substantially limit exposures. 

Worldwide SMES development 

An extensive and coordinated scientific 

and technology development effort in all 

applications of superconductivity, includ-

ing SMES, has been going on for several 

years in Japa11. The country's Research 

Association of Superconducting Magnetic 

Energy Storage (RASMES) has conducted 

design studies of several SMES systems 

with coil energy storage sizes ranging 

from 100 kWh to 5 GWh. One major de ­

sign and cost study has been for a 10-

MW, 2-hour plant, the same size as 

the U.S. government-utility ETM 

pilot plant design of the 

1980s. RASMES is funded 

by six Japanese utilities 

and 39 major manufacturers 

and construction companies, 

with major Japanese research in-

stitutes and universities as additional 

members. Japan's Ministry of lnternational 

Trade and fndustry is believed to be near a deci-

SMALL SMES UNIT PLANNED FOR ANCHORAGE ML&P A 30-MW, 60-second 

SMES unit to be used primarily for spinning reserve and for increasing transmis­

sion stability limits is planned for installation on the Anchorage (Alaska) Munici• 

pal Light & Power system. DOE is managing the $25 million project, funded 

mainly by the Pentagon's Technology Reinvestment Program through a grant from 

the Advanced Research Projects Agency. Babcock & Wilcox is designing the 

system, which may begin operation by late 1997. The current design calls for a 

cryostat 4 meters in diameter and 21 meters long to be pad-mounted at a 

transmission substation; the installation will also include small buildings for the 

refrigeration system and the power converter. 

Cryostat 

(vacuum vessel and 

superconductor coil) 

Power 

transformer 
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lectric util ities view supercon­

ducting magnetic energy storage 

(SMES) and other forms of energy stor­

age as a highly flexible type of generat­

ing capacity that can also provide a 

suite of quantifiable dynamic operating 

benefits. But at the microscale of a few 

to several tens of megawattseconds 

(MWs) of energy, SMES is already avail­

able in the commercial market as an 

uninterruptible power supply ( UPS} 

and as a solution to customer power 

quality problems. 

In these microscale applications, 

SMES is evaluated on a different eco-
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Trailer Installation at CYANCO plant, Winnemucca, Nevada 

Micro-SM ES 

Powers Critical 

Customer 

Processes 

nomic basis. It competes with battery­

fed UPS systems for use by large indus­

trial customers for whom millions of 

dollars are at stake when short-term 

power disturbances cause sensitive 

production equipment or systems to 

trip off-line. According to some esti­

mates, power quality problems cost 

U.S. manufacturers $26 billion a year 

in downtime. 

Superconductivity, Inc., of Madison, 

Wisconsin, currently offers a micro­

SMES system-the Superconducting 

Storage Device, or SSD®-in two sizes: 

750 kWs and 1 .4 MWs. The SSD-in­

stalled in a semitrailer, along with an 

integrated liquid-helium cooling sys­

tem, a power supply, and a voltage reg­

ulator-either can be connected to an 

existing variable-speed motor drive to 

protect it from momentary power dis­

turbances, or can be shunt-connected 

with a high-power inverter and isola-

Superconductivity, Inc. '• mlcro-SMES SSD 

tion switch to serve as a short-term UPS 

that can sustain voltage for the few 

seconds when a sag might otherwise 

shut down production systems. The 
company's first commercial shunt-con­

nected SSD was sold to Central Hud­

son Gas & Electric Corporation and 

was successfully used for 18 months at 

an IBM computer-chip-testing plant in 

Fishkill, New York. 

A chemical-processing plant in Win­

nemucca, evada, reports a substantial 

improvement in its on-line productiv­

ity since the May 1 993 instal lation of 

an SSD on a 4.1 -kV, 400-horsepower 

blower motor that is part of a continu­

ous catalytic process . Officials at this 

CYANCO plant, which produces l iquid 

sodium cyanide used in the mining in­

dustry, say that the unit helps the plant 

avoid an average of four days of lost 

production a month. 

Recently, Superconductivity, Inc. ,  re­

ceived an $8.6 million order from the 

U.S. Air Force's Power Conditioning 

and Continuation Interfacing Equip­

ment Office at McClellan Air Force Base 

near Sacramento, California, for up to 

five SSDs to improve power quality at 

various installa tions over the next three 

years. The Defense Nuclear Agency of 

the Department of Defense is provid­

ing the fw1ding. 



EPRI is working with Carolina Power 

& Light Company in a tailored collabo­

ration project to evaluate SSD units for 

one year each at three industrial cus­

tomer sites in CP&L's service area. The 

u tility was eager to test the system in 

customer applications as part of its pro­

active power quality program. Testing 

of a 750-kWs SSD was recently complet­

ed at a Sonoco Products polyethylene­

bag-extrusion plant in Mount Olive, 

North Carolina. And testing of a sec­

ond 750-kWs unit began in April at ITW 

Angleboard, which makes reinforced 

container comers from recycled plastic. 

The Hartsville, South Carolina, plant is 

on the far end of a distribution circuit 

that has over 200 miles of exposure to 

potential faults . A third CP&L customer 

i te has yet to be determined . 

Meanwhile, EPRJ and Pacific Gas and 

Electric Company have worked with 

the Bay Area Rapid Transit (BART) sys­

tem to evaluate SMES as a possible solu­

tion to the brief power losses experi­

enced by traction motors on some of 
BART's electric trains when they pass 

through the tunnel running beneath 

San Francisco Bay. Originally, voltage 

sags were thought to cause the prob­

lem, but PG&E has determined that is 

not the case. Ongoing studies could 

lead to the eventual testing on the BART 

system of micro-SMES coils with a stor­

age capacity of 5-1 0 MWs. 

For micro-SMES as well as larger­

scale SMES units, there are strong near­

term prospects for reducing resistance 

losses at the converter and lowering 

the energy load of the refrigeration sys­

tem. This will be done by using new 

high-temperature superconducting ma­

terials, which require only inexpen ive 
Liquid-nitrogen cooling (77 K, or -321 °F). 

These materials will be substituted for 

copper in the cold-to-warm transition 

leads connecting the SMES coil ,  which 

operates at liquid-helium tempera ture 

(4 K, or -452°F), to the ambient-temper-

ature power converter. D 

DYNASTORE CALCULATES IDEAL DISPATCH WITH STORAGE EPRl's DYNASTORE, a 

chronological production-cost simulation model,  uses actual utility operating data to 

calculate and graphical ly display the daily mix of generation categories, storage 

generation, and sources of forced charging for a full week. !Forced charging 

Involves energy that would have been sold below cost if storage were not avai lable.) 

The software can also calculate and report the total and disaggregated benefits of 

energy storage, with an emphasis on dynamic benefits. DYNASTORE and two other 

EPRI software packages-DYNAMICS and ETMSP"""'Can help util ities gain an in-depth 

understanding of system-specific SMES benefits. 
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sion on whether to fund a significant SMES 

demonstra tion project. 

Meanwhi le, the mu ltinat ional engineer­

ing giant ABB Asea Brown Boveri ha built 
and successful ly tested a 330-kVA, single­

phase superconducting transformer in 

Sweden. ABB says the project has led to 

new insights abou t how superconductiv­

ity can be applied in ac power sy terns, for 

example as current limiters that could re­

duce the cost of circu i t  breakers . (Southern 

California Edison i involved in a govern­

men t-funded effort in this country to de­

velop superconducting current limiters.) 

In addition, ABB has investigated a project 

to build a small ( 180-MWs) SMES coil for 

peak shaving a t  the main electric rai l  sta­

t ion in Zurich, Switzerland . 

In Canada, the Quebec provincial gov­

ernment reportedly has considered the 

construct ion and testing of a prototype 

(1 0-MW, 3-second) SMES unit on the Hy· 

dro Quebec system. Small te t coils have 

also been built i n Rus ia and South Korea. 

EPRJ con tinue to monitor SM ES devel-

I Nuclear 

D Forced charg ing 

I Coal 

0 Coa l charging 

I Storage generation 

I Combustion turbines 
6 7 

opments overseas, where an increasing 

share of the act ive development work on 

medium- and large-scale systems is occu r­

ring. There is agreement here and abroad 

that the technology for a l l  components 

and subsystems of SMES is read y to be 

demonstrated at utility scale. A na tional 

effort to demonstrate SMES for commercial 

applications could help the United Sta tes 

retain a degree of technical leadership in 

superconductivity. EPRJ stands ready to 

assist utilities in a government-industry 

collaborative effort to demonstra te SMES 

at a scale appropriate for improving utility 

transmission, distribution, and generation 

asset uti lization. That would et the stage 

for more-cost-effective generation and de­

livery sy terns in the next century. • 

Background information for lh is ariicle was provided by 
Sleven Eckroad , Te rry Pele rson, and Robert Schainker. 
Generation Group. 
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0 ne of the most important 

uncertainties in the debate 

over the potential for climate 

change due to rising emis­

sions of greenhouse gases is the question 

of how fast these gases will actually ac­

cumulate in the atmosphere over the next 

50-100 years. Carbon dioxide, the primary 

greenhouse gas, is released from all fos­

sil fuel combustion, and CO
2 

emissions 

are increasing, particulc1rly in developing 

countries as they industrialize. lf these 

emissions remain unchecked, atmospheric 

CO
2 

can be expected to reach a level dou­

ble the preindustrial level sometime with­

in the next century. Computer simulations 

conducted for the lntergovernment Panel 

on Climate Change (IPCC) predict that 

sud1 a doubling will result in the eleva­

tion of average global temperature by 

about 1.5-4.SYC. Many natural processes 

m1d human activities may speed up or 

slow down the rate of atmospheric CO
2 

accumulation, however, and the integrat­

ed effect of these processes is not yet weU 

understood. 

Of particular importance is the exis­

tence of natural ''sinks" that remove CO
2 

from the atmosphere. Oceans, for exam­

ple, constantly exchange CO
2 

with the at­

mosphere in both directions and now 

serve primarily as a net sink. As the con­

centration of CO
2 

in the atmosphere rises, 

the rate at which it is taken up at the ocean 

surface also increases, contributing to a 

growing oceanic pool of inorganic carbon 

compouJ1ds. Photosynthesis by marine or­

ganisms converts some of this inorganic 

carbon to organic compounds, and a frac­

tion of these wind up in sediments. At the 

moment, however, the rate of organic sed­

imentation is not increasing because the 

rate of photosynthesis in the oceans is ap­

parently Limited by a Jack of other nutri-

ents, such as phosphorus and iron. 

The net in.£1uence of terrestrial ecosys­

tems is less clear. Plants take CO
2 

from 

the atmosphere through photosynthesis 

and convert it to organic compounds, but 

their respiration and decomposition break 

down these compounds again and release 

CO
2 

back to the atmosphere. For many 

years, it was assumed that the overall 

impact of the terrestrial biosphere (the to­

tal of aU land organ.isms) was not a major 

net sink. Recently, however, evidence has 

been discovered to indicate that some ter­

restrial ecosystems-particularly temper­

ate forests- act as important but highly 

variable sinks for atmospheric COr 

To help clarify some of these uncertain­

ties, EPRI has been co11ducting a long­

range program of research on the global 

carbon cycle. An important product now 

emerging from this program is GLOCO, 

a microcomputer model that simulates 

THE STORY IN BRIEF Efforts to mitigate possible climate change due to rising atmo­

spheric concentrations of greenhouse gases focus mostly on manipulation of the global 

carbon cycle-the movement and storage of carbon among the world's oceans, atmo­

sphere, and terrestrial systems. But predicting the likely effectiveness of various strate­

gies to ameliorate global warming requires careful modeling of the complex processes that 

drive carbon cycling and determine atmospheric levels of carbon dioxide, and some of 

these processes are still not well understood. A new EPRI microcomputer model called 

GLOCO simulates many of the processes and can be used to perform quick "what if" stra­

tegy analyses. In addition, ongoing field studies are providing important new insights into 

the uptake of atmospheric carbon by forest and grassland ecosystems. Efforts are also 

under way to develop a much more complex computer program that can model the global 

carbon cycle with reference to specific geographic patterns. 

the Global Carbon Cycle 

by John Douglas 
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many of the processes involved in control­
ling atmospheric CO2 concentrations and 
that can be u ed to perform quick "what 
if'  strategy analy es .  In addition, basic re­
search on specific ecosystem respons s to 
elevated CO2 levels is beginning to resolve 
some of the puzzles abou t terrestrial sinks. 
Finally, a major new modeling project will 
develop a state-of-the-art analyt ical tool 
that can provide specific estimates of the 
location and magnitude of carbon in.ks. 

EPRI' carbon cycle studies are an in te­
gra l  part of its c limate change research 
program, the overard1ing goal of which 
is to help policymakers understand the 
costs and impacts of climate change man­
agement proposal . At the pre ent t ime, 
uncertainties surrounding the carbon cy­
cle present a key obstacle to providing a 
consistent and comprehensive perspec­
tive on this issue. The research described 
in this article will provide essential tools 
and information for forthcoming integrat­
ed assessments. 

Focus on feedback 

As the amou nt of CO2 in the atmosphere 
rises in response to increa es in human 
activities, many natural processes may act 
as feedback mechanisms tha t a ffect the ac­
cwnulation ra te. Laboratory experiment 
have shown, for example, that a greater 
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availabili ty of CO2 can enhance terrestria l 
plant photosynthesis, thu increasing the 
ra te at which the plant remove CO2 from 
the atmosphere. Whether such a fertiliza­
tion ffect takes place over long time peri­
ods in na tural ecosystems, however, re­
mains unclear. Other natura l processes 
may instead provide positive feedback; 
that is, they may accelerate the buildup 
of  atmospheric CO2 • As global tempera­
tures rise, for example, some fore t areas 
may experience dieback-emitting more 
CO2 through decomposition of soil organic 
matter and thus reinforcing the green­
house effect. On the other hand, rising 
temperatures can increase decompo ition, 
hence increasing available nitrog n for 
terrestria l plants and accelerating plant 
growth and the equestrat ion of ca rbon. 
Determining the net effect of such conflict­
ing processes will require additional ex­
perin1ental work and careful modeling to 
under tand the interact ions. 

In order to e ti.mate the effectiveness 
of various mitigation strategies-such as 
halting tropical deforestation-policymak­
ers need a model that focuses on the in­
teraction of the various processe that 
can a ffect the global ca rbon cycle a a 
whole. Initially, such a model would not 
need to show in fine re elution how the 
effects vary spatially. GLOCO fulfills these 

requirements by imulating carbon cycl 
processes in con iderable detai l  but for 
a greatly simplified spatial world . The 
model <livid s the ea rth into a few physi­
cal compartments: one atmosphere, seven 
natural terrestrial biomes, and two oceans 
(which a re further com partmental ized by 
depth). Major biological, chemical, and 
physical processe are pecifi d for each 
com partment . The model sim u l a tes the 
re u l ting carbon fluxes from one compart­
ment to another, as well as the redistribu­
tion of carbon among the chemical species 
and biological components within the com­
partment . It al o im ulate four human 
activities: fo ii fuel combustion, agricul­
tu r , forestry, and land u e changes. 

Only total areas, not geographic loca­
tions, a re specified for each of the ter­
restr ial  biomes-tropical forest, temperate 
fore t, boreal fore t, woodland, gra sland, 
tu ndra, and de ert . The two ocean , low 
latitude a nd high latitude, interact in a 
way tha t  simulates global ocean circu­
lation.  Temperatures related to cl imate 
change ca n be speci fied for each biome 
and for the ocea n surfaces as a function of 
atmospheric 02 and a characteristic lag 
time. Alternat ively, pecific tempera ture 
scenario can be defi ned. Proce ra tes i.n 
the model are temperatu re dependent. 

Developed for EPRI by Tetra Tech of 

FLUXES AND RESERVOIRS 

Carbon is continuously trans­

ferred back and forth between 

the atmosphere, the oceans, 

and terrestrial ecosystems. 

This snapshot of the global 

carbon cycle shows the size of 

carbon reservoirs and the 

annual carbon fluxes between 

them in metric gigatons ( 1 01 2  

kilograms!,  Fossil fu e l  combus­

t ion represents less than 3% of 

the total annual flux of carbon 

to the atmosphere. (Adapted 

from Moore and Braswell, 

1 994.I  



Lafayette, California, GLOCO has been de­
signed as an easy-to-use Macintosh com­
puter program capable of integrating cur­

rent information about the global carbon 
cycle. In addition to analyzing policy al­
ternatives, it can be used to plan experi­
mental research by testing scientific hy­
potheses and identifying parameter that 
require more-preci e measurement. CLO­
CO is available from EPRI' Electric Power 
Software Center. 

The missing sink 

One of the most important early applica­
t ions of GLOCO ha been to suggest a 
possible elution to the problem known 
among researchers as the missing ca rbon 
sink. World wide fos il fuel emissions of 
carbon are known to be approximately 
5.5 ± 0.5 metric gigatons per yea r. (A giga­
ton, or Gt, equals 1 012  kilograms.) The rate 
of increase of atmospheric carbon has 
been carefully mea ured at 3 .4 ± 0 .2 Gt/yr. 
Therefore, terre tr i a l  and oceanic sinks 
must be ab orbing carbon at about  2.1 
Gt/ yr. But measurements of ca rbon up­
take by these ystems a re less certain, and 
attempts to reconcile them have produced 
a puzzling result. 

Analy is of ea surface data and model ­
ing indicate that th net ocea nic uptake of 
carbon from the atmosphere is 2.0 ± 0.8 

Gt/yr. This would imply that the terre -
trial biosphere is about neutral a a net 
ource or sink. But the terrestrial bio­

sphere a l o is an important source of CO2 

emi sion -from land use change and 
tropical deforestation. This source is esti­
mated to be 1 .1 ± 1 .2 Gt/yr. To counterbal­
ance the e emis ion and account for the 
arbon not being taken up by the oceans, 

there would have to be an unexplained 
terr stria I ink roughly half as large as the 
oceanic one. Today's best estimate of the 
size of this missing sink is 1 .2 ± 1 .6 Gt/yr 
of carbon uptake. 

•' ! 

GLOBAL CARBON CYCLE 

MODEL GLOCO is a new 

microcomputer model that 

simulates many of the pro­

cesses involved in the global 

carbon cycle, The model greatly 

simplifies the real world by 

aggregating the earth into a 

dozen discrete physical 

compartments: one for the 

atmosphere, seven for natural 

terrestrial biomes, and four for 

oceans. The model simulates 

net carbon fluxes from one 

compartment to another under 

various assumptions about 

natural processes and human 

activit ies.  

Working wider EPRI sponsorship, Robert 
H udson of th Institu te of Marine Sciences 
at the Uni versity of California, Santa Cruz, 
and Steven Gherini of Tetra Tech have 
used GLOCO to try to expla in this missing 
sink in terms of increa ed terrestrial car­
bon equestration resulting from ferti li ­
zat ion effects i n  the terre trial biosphere. 
Previous attempts to explore this pos ibil­
i ty have focused primarily on the fertiliza­
tion effect of increased atmospheric CO2 , 

which is known to stimulate photosyn­
thesi and enhance water use efficiency in 
plants . Th PR I  researchers, on the other 
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hand, examined U1e effect of simultaneous 

increases in CO2, temperature, and nitro­

gen deposition from the atmosphere. 

In preindustrial times, most nitrogen 

deposition resulted from the conversion 

of elemental nitrogen in the atmosphere 

by lighbung. Si11ee then, nitrogen deposi­

tion rates have increased some fivefold, 

primarily because of emissions of NOx (11.i­

trogen oxides) and H3 (ammonia) from 

human activity. By modeling net terres­

trial CO2 
emissions (and uptake) from 1850 

through 1985, the researchers found that 

the combined fertilization effect of in ­

creases in  CO2, temperature, and nitrogen 

could, indeed, accow1t for the missing 

sink within the limits of measurement 

uncertainty. They also found that 40- 70% 

of the total fertiliz�tion could have been 

the consequence of rising nitrogen emis­

sions from human somces. 

"Thjs is ru1 important hypothesis that 

will have to be taken into account in fu­

ture modeling work," says Robert Gold­

stein, EPRI manager for GLOCO research. 

"We also have to consider the effect of 

future d1anges in nitrogen fertilization on 

ilie terrestrial carbon sink. On the one 

hand, tighter NO, emissions controls in 

today's industrialized countries should 

reduce the growth of nitrogen deposit.ion 

from the atmosphere in the North Tem­

perate Zone. On the other hand, nitrogen 

emissions are likely to grow at an increas­

ing rate among developing countries, 

many of which are in the Tropics or farther 

south. Also, increasing temperatures due 

to climate change could accelerctte the re­

lease of nitrogen from decomposition of 

plant matter in the soil. The combined ef ­

fect of these changes on overall terrestrial 

carbon uptake will have to be considered 

carefully." 

Insights from field studies 

Further evidence of the importance of ter­

restrial biosphere fertilization in account­

ing for the uptake of CO2 from the atmo­

sphere is provided by ongoing EPRI stud­

ies of forest and grassland ecosystems. ln 

particular, these field and laboratory stud­

ies support the hypothesis, raised by CLO­

CO modeling, that ecosystem responses to 

rising atmospheric CO2 levels depend sig-
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nificantly on the amount of nitrogen avail­

able. 

Two orgru1faations have almost com­

pleted forest response experiments fund­

ed jointly by EPRJ and Southern Ca]jfor­

nia Edison Company. The Desert Research 

Institute in Nevada is concentrating on 

ponderosa pines, which grow in relatively 

dry western soils that often experience 

nitrogen deficiencies. Duke Un_iversity in 

North Carolina is focusing on loblolly 

pines, which inhabit relatively moist soils 

that also sometimes lack nitrogen. Exper­

iments are being conducted both in green­

houses with controlJed atmospheres and 

at representative field sites. 

Initial results from these experiments 

indicate that both tree species require suf­

ficient nitrogen in order to show acceler­

ated growth in response to elevated CO2. 

ln the slower-growing ponderosa pines, 

the results were pc1rticularly interesting. 

At 700 ppm CO2, growth was stimulated 

at all three nitrogen levels, but the relative 

degree of stimulation was greater when 

nitrogen was more abundant. At 525 ppm 

CO2
, there was virtually no stimulation of 

growth regardless of the nitrogen level, 

suggesting a complex and not completely 

understood relationship among the vari­

ables. 

EPRJ studies of carbon sequestration in 

grasslands are being conducted at the 

Commonwealth Scientific and Industrial 

Research Organization in Canberra, Aus­

tralia. Results so far tend to confirm the 

conclusions reached in forest studies. 

Greenl1ouse experiments with controlled 

atmospheres indicate that elevated CO2 

levels cause grass to accumulate about 

50% more carbon when high levels of 

nitrogen are available; the experiments 

show reduced stimulation by CO2 when 

the nitrogen supply is insufficient. There 

is a suggestion that the rate of carbon stor­

age may decline with ti.me, however, so 

the long-term effect of elevated atmo­

spheric CO
2 

on the grassland biome re­

mains unclear. 

A different approach to trying to iden­

tify the nature and magnitude of the miss­

ing carbon sink in the terrestrial biosphere 

has been undertaken by Science and Pol­

icy Associates (SPA) of Washington, D.C., 

with funding from EPRI, the U.S. Environ­

mental Protection Agency, and Forestry 

Canada. Initial results from the SPA study 

support the hypothesis that accelerated 

tree grnwth (possibly resulting in part 

from the fertilization effect) and improved 

control of forest fires are important driv­

ing forces behind increased carbon uptake 

by the terrestrial biosphere. They also 

show that the uptake rate is highly vari­

able and closely linked to changes in tem­

perate and boreal forests. 

RIGHT ON TARGET The GLOCO simulation of historical atmospheric CO
2 

concentrations (curve) closely matches atmospheric measurements 

(Mauna Loa data) and the levels found in air extracted from Antarctic ice. 



SIMULATING GLOBAL EFFECTS GLOCO allows modelers to run quick "what 

if" projections of the long-term effects of a wide variety of scenarios. In this 

case, the effect on atmospheric CO
2 

levels of converting tropical forests to 

agricultural use is calculated for seven specific conversion rates. 

Of particular concern is the observed 

dieback of hardwood forests in several 

northern temperate regions around the 

world, including the United States and 

Canada. The SPA researchers conclude 

that this phenomenon is caused primarily 

by freezing and moisture fluctuations re· 

suiting from current climate changes, i n ­

cluding a recent sharp increase in average 

temperature in some of the regions under 

study. (Climatic periods marked by rising 

average temperature are often accompa­

ttied by greater temperature vnrinbility, iJ1-

cluding more-extreme winter and spring 

conditions that can damage trees.) In the 

past this ctieback was blamed by some 

on acidic deposition, but climatic stress is 

now thought to be the more likely cause. 

A ctisturbing side effect of the dieback is 

that it creates more CO2 emissions because 

of decomposition and increased suscepti­

bility to fire- reducing the effectiveness of 

forests as a carbon sink and tJ1us poten­

tially reinforcing the climate change. 

If this hypothesis stands up to further 

testing, more species that are resistant to 

freezing and drought stress may have to 

be introduced into the affected forests, and 

replanting schedules may have to be re­

vised to alter forest mean-age structures. 

"It is possible that forest dieback is closely 

linked to global cLimate change and is now 

a significant and increasing source of CO2 

iJ1 tJ1e atmosphere," says SPA researcher 

Allan Auclair. "If this is so, forest policy 

will be required to minimize the risk of 

further serious dieback. Mitigation pro­

grams designed to abate acidic deposition 

as a means of reducing ilie dieback risk are 

likely to be minimally effective or ineffec­

tive." 

"The ecosystem response and forest 

dieback studies we've conducted support 

the idea that terrestrial ecosystems can 

be either sources or siJ1ks for atmospher­

ic carbon, depending on factors such as 

nitrogen availabiLity, climatic stress, and 

forest condition," says the EPRf manager 

for these studies, Louis Pitelka. "Several 

factors- including increasing nitrogen de­

position from the atmosphere-may be re­

inforcing ilie uptake of atmospheric CO
2 

by pla11ts and might have to be taken into 

account during the development of cli­

mate management strategies." 

Management strategies 

Most suggestions for mitigating potential 

climate d1ange focus on regulating the 

global carbon cycle-specifically by re­

ducing CO2 emissions and enhancing the 

activity of natural sinks. ln order to com­

pare the potential effectiveness of such di­

verse management strategies, GLOCO is 

being used to analyze the response of var­

ious components of the carbon cycle to 

changing human activity. Some recent ex­

amples include studies of land conversion 

for agriculture, the enhancement of CO2 

uptake by high-latitude oceans, and ilie 

response of ocean circulation to rising at ­

mospheric CO2 !eve.ls. 

With human populations worldwide 

still growing, the conversion of natural 

ecosystems to agricultural uses shows no 

sign of abatement. The GLOCO analysis 

revealed, however, that the response of 

the atmosphere to such conversion var­

ies widely among ilie different types of 

ecosystems involved. For example, the 

conversion of temperate or boreal forest 

to agricultural use re.leases about twice 

as much CO2 to the atmosphere as the 

conversion of an equal area of tropical for­

est and more than four times as much as 

the conversion of an equal area of grass­

land. The implication is that when more 

agricultural land is needed to support an 

increasing population, grassland should 

be used pre.fe.re.ntially, assuming iliat ade­

quate water resources are available. 

Conversely, the reconversion of agricul­

tural land to natural ecosystems as a strat­

egy for reducing the atmospheric buildup 

of CO2 would be most effective in areas 

that would revert to temperate or boreal 

forest. Such reforestation would have a 

longer time lag in recapturing the carbon, 

however, compared with reconversion to 

tropical forest or grassland. In any case, it 

takes considerably longer to recapture car­

bon through reconversion to a natural 

ecosystem than to release carbon initially 

through the transition to agriculture. 

Management strategies based on chang­

ing land use patterns must also take into 

account the relative magnitude of existing 

agricultural conversion activities around 

the world. About 8.5 million hectares 

(Mha)-or 21 million acres, an area about 

the size of Maine-of tropical forest are 

now being cut annually for agriculture, 

releasing some 0.7 Gt of carbon a year 

to the atmosphere. This amount is equiv­

alent to about 12% of the 5.5 Gt of CO2 

now emitted from fossiJ fuel combustion 

each year. For comparison, about 1 .0 Mha 

(2.5 million acres) of temperate forest are 
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converted each year, emitting 0.1 7  Gt/yr 
of carbon, or the equivalent of 3% of the 
fossil fuel emi ions. Accord ing to GLOCO 
imulations, immed iately halting tropical 

d eforestation would red uce the atmospher­
ic concentration of CO2 by only about 4% 
from its exp ct d level in the year 2100, 
under th so-called business-as-usual sce­
nario projected by the IPCC. 

A somewhat larger effect might be 
achieved by trying to stimulate greater 
CO2 uptake by the oceans' "biological 
pump." Ca rbon fixation through photo-
ynthe is by ocea nic organism in the 

midlatitudes ha been hypothe ized to be 
l imited at th present time by the supply 
of iron, a trace nutrient. Fertilization of 
these oceans with iron has thus been pro­
po ed a a means of reducing future in­
crea e in atmospheric carbon. G O 0 
simulation of this management trategy, 
using the IPCC bu iness-as-usual cenario, 
indicate that ocean ferti l ization would re­
duce the projected CO2 concentration for 

CO
2

, NITROG EN, AND PLANT GROWTH 

Higher levels of atmospheric CO
2 

and 

nitrogen may accelerate terrestrial plant 

growth, thereby increasing sequestration 

of carbon through so-cal led ferti lization 

effects. Field and laboratory studies in 

the United States and Australia are under 

way to test this hypothesis tor forests and 

grasslands. The early results for pon­

derosa pine, shown here,  support the idea 

that ecosystem responses to rising levels 

of atmospheric CO
2 

may depend signifi­

cantly on nitrogen availabil ity . 
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the year 2100 by about 1 0%. 
Another concern for policymakers is 

the possible effect of rising atmospheric 
CO2 levels on ocea n circulation. GLOCO 
use a net upwelling velocity parameter 
to approximate thi c irculation. An in­
crca c in upwelling would d rive circula­
tion at a fa ter rate, presumably t irnu­
lat ing greater surface exchange of gase 
with the atmosphere and thu incr asing 
CO2 uptake. When· the en itivity of this 
proce to changes in upwelling wa te t-

Austral ian grassland studies 

ed by GLOCO simulation, however, even 
a doubling of the upwelling term had only 
a small effect on the oceanic uptake of at­
mospheric carbon . 

Toward a comprehensive model 

The complexity of the carbon cycle and of 
resolving u ncertaintie about important 
sou rces and sinks clea rly r quires a multi­
pronged strategy involving experimenta­
tion, observation, and modeling. o in­
gle model i likely to meet all needs. GLO-

Growing ponderosa pine in central California 
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quire many hours on a super­

computer. TI1at mean GLO­

CO will remain the first d1oice 

for te ting numerou manage­

men t stra tegi and re ea rch 

hypotheses before examining 

t he most promis ing ones in 

more detail ." 

Louis Pitelka adds: "CCCM 

will be very important to cli­

mate modelers and carbo11 cy­

cle re earchers. Now, GCM 

rapid global warming may 1 9 1 0 1 930 1 950 1 970 1 990 

must simply assume a sce­

nario for carbon in the atmo­

sphere; the new model will al­

low for GCMs to be dynami-

cause increased plant stress, represented by a severity index. The stress trend shown here 

for sugar maple, birch,  and ash follows global temperature deviation reasonably closely. 

CO concentrates on modeling carbon cycle 
processes without reference to highly re­

solved patia l location. I ts ad vantages in­

clude speed a nd ease of use. But there is 

also a need for models that are highly re­

solved, both spat ia l ly and tempora l ly. 

Over the past decade, an extensive net­

work of observation stat ion has been e -

tabli hed that routinely m asu res the con­

cen tra tions of carbon compounds in the 

a tmosphere, i 11cluding the ratios of their 

isotopes ( 1JC/ 1 2C and 1 4C/ 1 2C). When 

compared wi th the spa tjalJy and tempo­

ral ly explicit predictions of a highly re­

solved model, these data permi t  a much 

more stringent validation of the model 

and improve our w1derstanding. A geo­

graphical ly r solved carbon cycle model 

cou ld also id entify specific sou rces and 

sinks for considera tion by policymakers 

a nd provide a gu ide for where to concen­

trate further scientific research and mea-

urement effort . Finally, such models 

eventually will be l inked w ith the large, 

complex compu ter programs called gen­

era l circuJation mod els (G Ms) tha t  are 

used to project how cli ma te  wil l  respond 

to increasing levels of greenhouse gases. 

EPRl has just Jaw1ched a new research 

effort to accelera te and facili tate the devel­

opm nt of a comprehensive carbon cycle 
model (CCCM) of thi sort over the nex t 

five years. The project take adva ntage of 

the fact that the U nited States and other 

government are already funding the de­

velopment of components of global car-

bon cycle models. The EPRJ Carbon Cycle 

Model Linkage Project is being conducted 

by researcl1 teams at six wliversities and 

insti tutes in four countries, headed by the 

Max Planck Insti tute for Meteorology in 

Hamburg. The final model wi l l  consist of 

coupled, interactive models of the oceans, 

atmosphere, and terrestrial biosphere car­

bon pool . It will run on upercomputer 

and will provide a high-resolution global 

representa tion of carbon chemistry, trans­

port, a11d exchange. The goa 1 of EPRI fu nd ­

ing in this effort is to serve as a catalyst to 

encourage the timely development of an 

i ntegrated model. 

A critical step in the development pro­

ce s w i l l be to va l idate the geographica l ly 

d isaggregated model by using new data 

abou t the carbon cycle tha t  ar now be­

coming a va ilable. In frared and radar im­

ages from satell i tes, for example, will be 

used to determine the distribu tion and 

changes in biomass and foliage cover of 

terre trial vegetation. C CM wi l l  also be 

u ed to make more patial ly detailed sim­

u la tions than are possible with G LOCO 

abou t the impact on the global carbon cy­

cle of fossi l  fuel emis ions, deforestation, 

and land use conversion . 

"GLOCO and CCCM are complementary 

mod Is tha t  ):,ould ul t ima tely provide r -

suit that are in agreement," ays Robert 

Goldstein. 'The big d ifference is tha t a cen­

tury-long simulat ion on GLOCO takes a 

few minutes on a desk top computer, while 
a similar run on CCCM will probably re-

cally linked with a carbon cy­

cle model, allowing for feed­

backs between carbon cycling and clima te 

change. CCM will also help cien tists test 

their understanc:fu1g of tl1e global carbon 

cycle and will thus also serve as a valida­

tion for simpler models and response func­

tions that will be used by policymakers to 

evaluate management strategies." 

'1t i very difficuJt to evalua te the im­

pacts of CO2 management proposal with­

ou t a better understand ing of the rela tion­

ship between emissions and a tmospheric 

concentrations,'' says EPRJ 's Richard Ricl,­

els. "This research will contribute signifi­

cantly to our ability to provide a balanced 

perspect ive on this issue." • 
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HOLT BLATT 

SCHAINKER ECKROAD 

PETERSON GOLDSTE IN 

PITEL KA 

W orldwide Activity in I GCC 
(page 6) was written by Leslie 

Lamarre, Journal enior feature writer, 
wi th guidance from Nevi l le  Holt of 
the Generation Group. Holt, who man­
ages EPRl 's  IGCC resea rch, came to the 
Institute i.n 1974. Before that ,  he was 
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with Cities Service Company for four 
year , fi.r t a  a senior re earch engine r 
and then as manager of synthetic fuels . 
Holt has BA a nd MA degrees in chem­
ist ry from Cambridge University. • 

T he Energy-Efficient Office (page 
1 6) wa written by science writer 

John Douglas, with technical informa­
tion provided by Morton Blatt of the 
Customer Systems Group. Blatt, who 
manages EPRl's Residential and Small 
Commercial business unit, joined the 
institute in 1 985. Earlier he was man­
ager of end-use efficiency programs at 
Science Applications International Cor­
poration. Blatt received a bachelor's de­
gree in mechanical engineeri ng from 
Cooper Union, an MS i.n industrial engi­
neering from New York University, and 
an  MS i.n business administration from 
San Diego State Univer ity. • 

S toeing Megawatthours With SMES 
(page 24) was written by Taylor 

Moore, Jou rnal senior fea ture writer, 
with assistance from three members of 
the Generation Group. 

Robert Schainker has overseen en­
ergy storage research since 1 985. He 
joined EPRJ in 1 978, after n ine year a 
an engineer and program manager with 
System Control. Schai.nker received a 
BS in mechanica l engineering, a n  MS in 
electrical engineering, and a PhD in ap­
plied mathematics, all from Washington 
University in St. Louis. 

Steven Eckroad manages re earch in 
battery and SM ES technology. He joined 
EPRl in 1 992 after two years as a private 
consultant in the u t i l ity industry in the 
area of battery energy storage systems. 
From 1979 to 1 990, Eckroad was an engi­
neer at Bechtel Group, where he worked 
on battery storage demonstra tions and 

other energy storage projects. He re­
ceived a BA in physics from Antioch Col­
lege and d jd  postgraduate study in elec­
trical engineering at the University of 
Missouri at Rol la .  

Terry Peterson manages work in 
thin-film photovoltaics as well as SMES. 
Before joining EPRl in 1 986, he spent 
eight years at Chevron Research Com­
pany, where he was i nvolved in ca ta­
lyst and solar cel l  research. Peterson 
holds a BS in physics from the U niver-
ity of California at San Diego, as well 

as an MA in physics and a PhD in mate­
rial cience and engineering from the 
Universi ty of Ca l i fornia at Berkeley. • 

U 
nd erstanding the Global Ca rbon 
Cycle (page 34) wa written by 

science writer John Dougla , with tech­
nical information from two members of 
EPRI' Strategic Development Group. 

Robert Goldstei n, manager of envi­
ronmen tal risk analysis, has been with 
the Institute s ince 1 975, primarily focus­
ing on atmospheric deposit ion effect , 
forest tress, and genetic ecology. Gold­
stein previously worked for more than 
five year as a sy tern cologi t at Oak 
Ridge National Laboratory. He has a BS 
i11 engineering a nd MS and Ph D d egrees 
in nuclear science and engineering from 
Colu mbia Universi ty. 

Lou is  Pitelka, manager of biocl1em­
istry research, ha over een a wide range 
of projects onceming the effect of air 
pollution and climate cha nge on terres­
trial ecosystems. Befor coming to EPR I  
in 1 984, he was di rector of the a tiona l 
Science Fou ndation' s progra m on pop­
ula t ion biology and physiological ecol­
ogy. Pi telka received a BS in zoology 
from the University of California at 
Davis and a PhD in biological sciences 
from Stanford Un iversity. • 



Toledo Edison Validates Demineralizer Operation at High Temperatures 

I 
n pressurized water reactors with once­

through steam generators, moisture 

separator drains have a higher con­

centration of corrosive ions like sodium, 

chloride, and sulfate than do most other 

points in the secondary coolant loop. The 

higher ionic concentration means that a 

demineralizer could operate with far greater 

efficiency there than elsewhere in the loop. But 

utilities have seldom placed a demineralizer at 

that point because the higher temperatures 

decrease the useful life of the demineralizer 

resin typically employed. 

A recent EPRI project has shown that the 

reduction in resin life is not so great as to 

make moisture separator drain deminer­

alizer (MSDD) operation impractical. In fact, 

the disadvantage of shorter demineralizer 

resin life is offset by large increases in the 

useful life of condensate polisher resins and 

significant increases in thermal efficiency 

with MSDD operation. 

Toledo Edison Company, a subsidiary of 

Centerior Energy Corporation, wanted to 

validate MSDD operation at elevated temper­

atures at its Davis-Besse nuclear plant. To be 

able to implement MSDD operation at times 

when the economic benefit would be signifi­

cant, however, it was necessary to have an 

accurate, sensitive, and reliable on-line 

analytical system for monitoring coolant 

chemistry. The utility installed such a system 

at its own expense, and EPRI provided the 

teclmology and operating funds to validate 

high-temperature resin operation. 

Resin suppliers specify a temperature limit for commercial 

applications. Higher temperatures may cause resin degra­

dation. Toledo Edison determined in the tests cosponsored 

with EPRI that resin beds effectively removed impurities for 

reasonably long periods without loss of performance when 

the MSDDs were operated at up to  265°F. Thus it was possible 

to return water from the moisture separator drains directly to 

the feed water heaters. This reduced the ionic burden on the 

plant's main condensate polishers by a factor of 6 or more, 

improving plant efficiency by about 5.42 MW as well as 

reducing costs for resin and radioactive waste disposal. 

The improved plant heat recovery that resulted from this 

work translated into an increase in overall plant efficiency 

valued by Toledo Edison at approximately $900,000 a year. 

Savings from less-frequent resin replacement in the conden­

sate polishers are estimated at $450,000 a year. Toledo Edison 

estimates that the total savings from applying this technology 

at Davis-Besse over the next 10 years will amount to $11 mil­

lion. 

• For more information, contact Tom Passel/, (415) 855-2070. 
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Cleon Air Requirements 

Study to Assess 
Emissions Trading 

As electric utiliti s with coal-f ired power 
plants are well aware, the big date is ap­
proaching. On January 1 ,  1 995, the fir t 
coal plants ubject to regulation stem­
ming from the 1 990 Clean Air Act Amend ­
ment must comply with the new sulfur 
dioxide l imi ts set by the amend ments.  The 
biggest unknown is how well the emis­
sions allowances market will work in re­
ducing compliance co ts. 

Under the new law, utilities are allotted 
allowances equal to the number of tons 
of 502 they ar al low d to release annu-

ally. I n  complying with the law's more­
stringent 02 l imits, utilities have many 
choices, including installing emissions 
control technologies, switching to a lower­
sulfur fuel, or buying emissions allow­
ances from another utility. A utility with 
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more allowances than emissions m a y  sel l 
the extra allowances or ba n k  them for fu­
tu re use. 

The emissions trading concept is not 
n w; it has already been used on a region­
al basis for 502 , nitrogen oxides, and par­
ticulate emissions. But the 1990 Clean Air 
Act Amend ments have created the first 
national market for emissions allowances. 
And utility industry analysts a re eager to 
see how things play out. 

EPRI has launched an in-depth study of 
the 502 emissions trading program and 
the utility industry' experien e with it. 
The intent is to evaluate how well the pro­
gram is working and to use that insight to 
assess th potenti a l  for applying emi sions 

trading strategies in the control of other 
emissions, such as nitrogen oxides, on a 
national basis. Another goal is to improve 
the 502 emissions trading program over 
the long term. 

"We'd like to be able to apply the Jes-

sons learned through this first nation­
wide experi nee with emissions trading," 
says EPRl 's Gordon Hester, who is manag­
ing the tudy. The study will exa mine var­
iou factor -including public uti l i ty com­
mis ion ' treatment of the trad ing, which 
can affect incentive for utilitie to pursue 
different compliance strategie . Informa­
tion on the utility experience wiU be avail­
able for regulators to consider in their 
over ight of current and future emis ions 
trading. He ter notes that th study wiU  
al o compare the emissions control ap­
proach of the Clean Air Act Amendments 
with a more traditional command-a nd­
control approach in terms of cost and ef­
fecti veness. 

National Economic Research Associate , 
the fLrm conducting the tudy, plan to re­
lea e its first report late in 1995 and a ec­
ond report late in 1 996. 
• For more information,  contact Gordon Hes­
ter, (415) 855-2696. 

Process Industries 

EPRI Sees Big Potential in  
Electroseparation 

ot long ago, the be t means avai lable for 
clea ning up a site contaminated by metal 
spil ls was sim ply to excavate the dirty 
soil-a labor- intensive and co tly ta k. But 
researcher in the United States and Eu­
rope are developi.ng a more efficient and 
effective technique ca lled electrokinetic 
soi l  remed iat ion. In thi  approach, probes 
are inserted into the ground and electri­
fied . The result ing curren t  dissolves the 
metal species and moves them through 
the ground to an area where they can be 
extracted . 

Electrokinetic remed ia tion, whi h is still 
bei ng tested on a pilot sea le, is ju t one 
type of electroseparation proce s tha t  EPRI 
is reviewing in a recently initia ted scoping 
study. Other potential applications exist 



in a variety of process industries. For in­

stance, in the production of dry foods, 

electroseparation could be used to remove 

moisture from various food products. In 

the chemical and mining industries, elec­

troseparation could be used to separate 

solvents from chemicals or minerals. The 

intent of the scoping study, being con­

ducted by Oak Ridge National Laboratory, 

is to survey the established and emerging 

opportunities in electroseparati.on to de­

termine where EPRT should focus its re­

search efforts. 

"Electroseparation processes offer a 

very positive role for electricity to play," 

says Ammj Amarnath of EPRI, who is 

managing the project. "When substituted 

for conventional techniques, electrosepa­

ration can offer a significant reduction in 

energy use and dramatic savings in capi­

tal costs." 

According to Charles Byers, the Oak 

Ridge scientist heading up the investiga­

tion for EPRl, conventional separation and 

purification processes consume more than 

4 quads of energy annually, primarily 

through either boiling or agitation to re­

move and recycle liquids. This is more 

than 4% of the total energy consumed in 

the United States. 

One appHcation under review by Oak 

Ridge is solvent extraction. Conventional 

means of solvent extraction involve the 

agitation of solutions in tan.ks about 10 

times larger than the units currently be­

ing developed for electroseparation. The 

smaller units not only offer significantly 

reduced capital costs a11d space require­

ments but can be activated more quickly. 

"When we use a pulsed electric field in­

stead of the conventional tedmiques, we 

increase the efficiency by easily an order 

of magnitude," Byers says. He notes that 

electroseparation processes can also help 

alleviate difficulties process industries may 

encounter in trying to meet environmental 

regulations on their waste streams. 

The scoping study is expected to be 

completed by the end of the year. In the 

meantime, Byers is also helping EPRI es­

tablish collaborative alliances with other 

groups that are performing electrosepara­

tion research, including the National Sci­

ence Foundation and the Department of 

Energy. 

• For more information, contact Ammi Amar­

/lath, (415) 855-2548. 

Right-of-Way Management 

Researchers Developing 

Smaller Trees for Utility Use 

Trees are certainly an attractive sight along 

many rights-of-way. But utility persmmel 

are all too familiar with tl1e constant battle 

of keeping tall vegetation from interfering 

with overhead power lines. According to 

one estimate, the industry spends about 

$1.5 billion annually on tree trimming and 

herbicide application. 

EPRJ-sponsored researchers with the 

Center for the Development of Hardy 

Landscape Plants, headquartered at the 

University of Minnesota, believe there's a 

better way. The researchers, headed by 

Harold Pellett, a professor at the univer­

sity and the coordinator of the ceJ1ter, re­

cently initiated a project to develop small, 

tough tree species that utilities can plant 

along rights-of-way to keep taJler growth 

at bay. Not only would this tack offer a 

more environmentally benign method for 

tall-vegetation control (it would signifi­

cantly reduce the need for herbicide appli­

cation), but it is also expected to cost sig­

nificantly less than current methods. 

Pellett says that the EPRJ-sponsored re­

seard1 builds on the work already under 

way at the center, whid1 involves scien­

tists at 80 institutions across the United 

States, Canada, and northern Europe. 

Among the tree varieties that the re­

searchers are currently breeding for utility 

use are ornamental pear and a variety of 

maple. Pellett says that these species can 

survive in most cHmates of the United 

States. And because of their attractiveness, 

they are promising candidates for use on 

residential streets. According to Pellett, 

some utilities already have programs that 

offer such trees to residential customers as 

replacements for tall, old tree.s that can 

brush up agai11st power lines. 

To the non-tree expert, it might seem 

that an ample stock of smaller trees is al­

ready available for such application. How­

ever, as Pellett points out, many of these 

varieties are susceptible to disease and 

drought. Also, the growth range of these 

species is not always predictable. Re­

searchers at the center are using hybrid­

ization ted111iques to breed smaller trees 

that can stand up to insect attacks and dis­

ease as well as stressful weather condi­

tions. This work will also result in a wider 

variety of species from which to choose. 

EPRl has committed four years' worth of 

fw1ding to the small-tree project, which 

got under way last January. As Lou Pitel­

ka, who is managing the project for EPRI, 

explains, breeding is a long-term process. 

"It takes a lot of time and effort to get the 

kind of attributes you want,'' he says. 

• For more i11fon11atim1, contacl Lou Pitelka, 

(415) 855-2969. 
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RESEARCH UPDATES 

Fossil Plant Air Quality Control 

Developing Mercury Removal Methods for Power Plants 
by Ramsay Chang and David Owens, Generation Group 

T 
race substance emiss ions in ut i l ity 
power plant flue gas have increased 

in importance s ince the passage of the 
C lean Air Act Amendments (CAM) of 1 990, 
which mandate the Environmental Protec­
tion Agency to conduct a three-year study 
of publ ic health hazards that could be at­
tributed to emissions f rom foss i l-fuel-fi red 
power plants . The EPA is d i rected to regu­
late the uti l ity industry for a i r  tox ics if its 
three-year study ind icates that such regu­
lation is necessary and appropr iate. Three 
other studies mandated by the CAAA-one 
assessing the env ironmental health and 
water qual ity effects ot air tox ics on the 
Great Lakes and coastal waters , and two 
involvi ng the health and environmenta l im­
pacts of mercury emissions-could also af­
fect power p lants . 

EPRI , ant ic ipati ng the increased scrut iny 
of t race substance emiss ions, is conduct­
ing an extensive prog ram to address these 
issues. One aspect of th is program is the 
assessment and development of effective 
control a l ternatives. An EPRI search of the 
l i terature on ut i l ity emiss ions has shown that 
37 of the 1 89 substances l isted by the 
CAAA as hazardous ai r pollutants have 

those in f lue gas from waste incineration 
plants-1 to 1 0 versus 50 to 500 micro­
grams per standard cubic meter (µg/m3) . 
Thus it is uncerta in whether any oi these 
methods would be effective for power p lant 
appl icat ions and what the cost Impl ications 
would be. I t  is a lso uncertain how much 
mercury, i f  any, must be removed from ut i l ity 
f lue gas. Compound ing these diff icul ties is 
the lack of va l idated methods for measur-
ing the low concentrations of mercury in 
ut i l ity f lue gas and for dist inguish ing the d i f­
ferent species of mercury present. While 
substant ia l  advances have recently been 
made in mercury measurement methods , 
the accuracy of concentration and specia­
t ion measurements is sti l l h ighly uncerta in.  

As far as can be determined by us ing 
current measurement techniques. the mer­
cury species present in utl l ity f lue gas 
appear to be hig h ly variable and to be 
dependent on coal type, flue gas composi­
tion and temperature, and boiler operating 
condit ions . This variab i l ity is i l lustrated in 
Figu re 1 ,  which shows f lue gas mercury 

concentrat ions for two coal types as mea­
sured in a laboratory combustor_ Vapor­
phase mercury was found to be present 
mainly as e lemental or oxid ized species. 
The two coals, a low-sulfur subbituminous 
coal and a h igh-sulfur b i tuminous one, pro­
d uced q uite different mercury species re­
sults. For the subbi tuminous coal , signifi­
cant amounts of mercury were condensed 
on the f ly ash part ic les at low temperatures. 
For both coals ,  the leve l s  of mercury spe­
cies appeared to vary with f lue gas temper­
ature. 

The development work to date on mer­
cury control technologies has found mer­
cury removal effect iveness to be strongly 
dependent on the mercury species pres­
ent. Some in itial resul ts on two of the mer-
cury removal technologies assessed , act i ­
vated-carbon injection and wet scrubbing , 
are d iscussed here. 

Activated-carbon injection 

The direct injection of activated carbon in­
to the f lue gas stream of a ut i l ity boi ler has 

been detected in power plant f lue gas. Ot ABSTRACT The ability to remove mercury from power plant flue gas may 
these 37 substances . 1 1  are trace meta l 
species . Trace metals in f lue gas are nor­
mal l y  condensed on fly ash part ic les and 
can be removed effectively by an effic ient 
particu late col lector. Mercury seems to be 
the most d iff icu l t  trace metal to col lect .  
s ince i t  is present main ly in vapor form and 
tends to pass th rough part icu late control 
devices l ike baghouses and electrostatic 
precipi tators (ESPs ) .  

Several methods o f  mercury control  are 
being used at waste inc ineration plants , 
especia l l y  in Europe. Mercury concentra­
t ions in f lue gas from uti l ity boi lers ,  however, 
are several orders of magnitude lower than 

46 EPRI JOURNAL Ju ly/August 1 994 

be an issue in light of the 1990 Clean Air Act Amendments · requirement that the 

EPA assess health risks associated with trace substance emissions. Two ap­

proaches currently being tested are the direct injection of activated carbon into 

flue gas and the use of wet scrubbing. Pilot results to date suggest that both 

approaches hold promise for mercury removal. although significant work must be 

completed to determine if they are applicable under the wide range of flue gas 

conditions encountered in fossil-fuel-fired power plants, as well as to assess their 

cost to the utility industry. 



been proposed as a re lative ly simple ap­
proach for control l ing mercury, s ince the 
carbon can be col lected in the exist i ng par­
t icu late contro l device. This method has 
been evaluated fa ir ly extensively for waste 
inci nerators and has been found to be ca­
pable of high mercury removal effic iencies. 
Because power plant f lue gas has such low 
levels of mercury, however, and because it 
differs sign i f icantly from incineration p lant 
f lue gas In composi t ion and is bel ieved to 
differ in mercury speciation , the effect ive­
ness of act ivated-carbon injection for mer­
cury removal at power plants is uncertain . 

Activated-carbon inject ion was initially 
assessed in tests at a 1-MWe transportable 
pulse-jet baghouse at Publ ic Service Com­
pany of Colorado's (PSCCO's) Comanche 

coals and at other s ites . More­
over, such low temperatures 
are not typical of boi ler f lue 
gas entering an ESP or a bag­
house. A normal temperature 
for f lue gas at the ESP or bag­
house i n let is 250-350°F. Cool­
ing f lue gas requires the injec­
tion of large amounts of water, 
which can cause s ig nif icant 
problems with f ly ash deposi­
t ion and corros ion on the duct 
wal ls and the ESP or the bag­
house. The potential impact of 
moisture and low tempera­
tures on ESP and baghouse 
operat ion must be assessed. 

Increasing the amount of 

Figure 1 Measurements made in a laboratory combustor indi­
cate the mercury species present in nue gas f rom a low-sulfur 
subbituminous coal and from a high-sulfur bituminous coal . De­
velopment work on mercury contro l techno logies suggests that 
the forms of mercury present in  f lue gas are an important factor 
in removal efficiency. 
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stat ion and in tests at a pi lot fac i l ity at the activated carbon used from 
Energy and Environmental Research Cen­
ter (EERC) in North Dakota. Tests were run 
with var ious amounts of carbon. with vari­
ous coals, and at var ious temperatures. 

a carbon-to-mercury ratio of 
3000: 1 to 1 0 ,000: 1 almost dou­
bled the mercury removal eff i­
ciency ( tests 2 and 3) . Other 
tests show that the relation-
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cate that the effect iveness of act ivated-car- ship is not l inear, however, and 
bon In ject ion in removing the t race amounts ii is d ifficult to extrapolate these 

results . Tests 2 and 4 i l lustrate 
differences result ing from coal 
type, and tests 4 and 5 show 
variations in the results ob­
tained at d ifferent sites under 
s imi lar cond i t ions. I n test 4 ,  
conducted at EERC , the mer­
cury removal eff ic iency was 
much lower than the eff iciency 
in test 5, conducted at PSCCO. 
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E lemental mercury 

of mercury found i n flue gas depends on 
severa l factors: coal type. f lue gas compo­
sit ion and temperature, mercury species 
present ,  carbon propert ies and in jection 
rate , and operat ing conditlons. Whl le high 
mercury removal efficiencies were ob­
served in some tests , low to moderate effi­
ciencies were measured at other typ ical 
power p lant conditions. Thus i t  is not yet 
possible to pred ict with confidence the lev­
el or f lue gas mercury contro l  achievable 
wi th act ivated-carbon Injection. 

The data are not suffic ient tor 
the researchers to determ ine 
whether this is due to differ-

0 ����������������� 

I l lustrat ing this d i ff icul ty, Figure 2 shows re­
sults on vapor-phase-mercury removal from 
f ive tests-four at EERC and one at PSCCO 
-using act ivated-carbon Injection ahead 
of a pulse-jet bag house. The test conditions 
are summarized in Table 1 The amount of 
carbon used is expressed as a carbon-to­
mercury weight rat io (weig ht of carbon in­
jected per weigh t of mercury present) . 

Lower ing the f lue gas temperature from 
345°F to 250°F improved mercury removal 
efficiency from 0% to 37% (tests 1 and 2) . 
I n  earl ier test ing at PSCCO (not shown ) , 
98% vapor-mercury removal was mea­
sured at 1 90°F. I t  is uncertain whether this 
level of removal is achievable for other 

250 

ences in the two types of low-
sulfur coal used or to other factors . such as 
mercury speciation . 

Judging from these prel iminary test re­
sults . activated-carbon injection appears to 
be able to remove mercu ry from f lue gas, 
but its performance can vary considerably. 
Thus a better understanding of the var ious 
factors affect ing mercury removal is neces­
sary to determine I t  the method can be ef­
fective under the wide range of condit ions 
encountered in ut i l i ty fossi l fuel plants. The 
impact of injected carbon on exist ing 
equipment, such as downstream ESPs and 
baghouses, must be assessed carefu l ly. 

275 300 325 

Temperature (°F) 

350 

Also to be explored is the use of other sor­
bents-such as d iatomaceous earth. zeo­
l i tes, and various h igh-surface-area and 
chemica l ly active materials . These wil l be 
tested to determine if any are more cost-ef­
fect ive than carbon. Final ly, the issue ot 
waste disposal must be addressed to en­
sure that the mercury col l ected wil l not 
revolat i l ize in a landf i l l or become a sol i d  or 
l iquid waste problem. 

Wet scrubbing 

Of the approximately 325 GW of coal-f ired 
capacity in the Un ited States. about 68 GW 
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have flue gas desu l furizat ion sys- To evaluate the potentia l ot wet 
TABLE 1 

Carbon Inject ion Test Conditions 

Temperature Carbon-to-

tems for comply ing with regula­
tions on su l fur d ioxide emissions. 
About 90% of these FGD systems 
are wet systems .  And i t  is expect­
ed that an additional 1 7  GW of FGD 
systems (again primarily wet sys­
tems) wil l be installed by the year 
2000. Thus there is s ignif icant in­
terest in the capabi l ity of wet FGD 
systems to simultaneously remove 
S0

2 
and trace chemical species.  

includ ing mercury 

(OF) Mercury Ratio Coal Type 

FGD systems to remove mercury, 
tests were conducted at EPRl 's 
Environmental Contro l Technology 
Center (ECTC) ,  former ly the High­
Sulfur Test Center. The tests used a 
p i lot wet FGD system (4 MW equ iv­
a lent) The system has a spray tow­
er as the gas-l iquid contactor and 
obtains f lue gas via a s l ipstream 
from New York State Electr ic & Gas 

Test 1 (EERC) 345 3200 : 1  High sulfur 
Test 2 (EERC) 250 3000 : 1  High sulfur 
Test 3 (EERC) 250 1 0 ,000: 1 High sulfur 
Test 4 (EERC) 260 3400 : 1  Low su lfur  
Test 5 (PSCCO) 240 3500:1 Low sulfur 

A typical wet FGD system has a gas­
l iquid contactor, such as a spray tower, in 
which an alkal ine, l imestone-based s lurry is 
sprayed in the same or the opposite di rec­
tion of the gas f low, absorbing and neutral­
izing the acidic S0

2
. The removal of mer­

cury i n a wet FGD system would a lso occur 
by absorpt ion into the scru bbing s lurry. 
However, there are two main d ifferences 
between mercury and S02 absorption . First , 
since the concentrat ion of mercury in f lue 
gas is orders of mag ni tude lower than S0

2 
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1 

345°F 

levels ,  it is poss ib le  that more gas-l iquid 
contact would be requ i red for mercury re­
moval . Second .  mercury solubi l ity in the 
scrubbing s lurry depends on the mercury's 
torm Elemental mercury is essent ially insol­
uble in FGD scrubbing s lu r ry, whi le some of 
the oxid ized species. such as mercur ic 
ch lor ide.  are very solu ble. Therefore, oxi­
d ized mercury should be easi ly absorbed 
with suff ic ient gas- l iquid contact . but the re­
moval of e lemental mercury would remain 
l imited . 

PSCCO 

0 L-----­
Flue Gas 

Temperature 
Carbon-to-Mercury 

Rat io 
Coal Type Si te 

Differences 

Figure 2 The effectiveness of act ivated-carbon injection in removing vapor-phase mercury from f lue 
gas was assessed in tests at two p i lot facilities. Mercury removal efficiency was found to depend on f lue 
gas temperature , the amount of carbon used (expressed as a weight ratio of carbon injected to mercury 
present) , coa l  type , and other site conditions. 
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Corporation's Kintigh  plant , which 
burns a high-su l fur eastern coal . 

The wet scrubber removed only the oxi­
d i zed mercury present .  I n let vapor-mercury 
concentrations averaged 9 µg/m3• with ap­
proximately 98% in the oxid ized form. Total  
outlet mercury averaged 0.5 µg/m3 , with 
about 70-75% in the elemental form. Over­
a l l  mercury removal efficiency averaged 
96% because of the h igh concentrat ions 
of oxid i zed mercury. 

In the ECTC tests. the FGD system was 
operated under various condi t ions to simu­
late the range of typical uti l ity FGD operat­
ing condi t ions. Among the conditions var­
ied were reaction tank pH and the con­
centrations of chlor ide, ad i p ic acid,  and 
formic acid in the scrubbing slurry : also, 
both forced and natural ox idation were 
used . None of these changes affected mer­
cury removal . 

Since the concentrations of e lemental 
mercury in the f lue gas were too low to pro­
vide accurate measurements and determi­
nations at removal eff ic iency for this spe­
cies, e lemental mercury was added to the 
f lue gas in some tests . I t was found that 
50% of the spiked elementa l  mercury was 
converted to oxid ized mercury. The remov­
al ot oxid ized mercury was much lower 
than observed in the tests without the 
added e lemental mercury (80% removal 
versus over 97%), suggesting that different 
species of oxid ized mercury may have 
been present. The test resul ts conf i rm that 
elemental mercury is not easi ly removed 
across a scrubber. and they indicate that 
the removal effectiveness for oxid ized mer­
cury may be dependent on the oxid ized 
species present. 

F ie ld measurements of mercury removal 
efficiency at fu l l-scale wet scrubbers have 
ranged from 20% to over 90%. These re-



su i ts and the ECTC tests show that mer­
cury speclatlon and removal mechanisms 
across a wet scrubber are not wel l under­
stood .  Work is being conducted to c lar ify 
these phenomena and to provide the basis 

Electric Transportation 

for developing mod if ications to wet scrub­
bers for more-effect ive mercury removal . 

I n  conclusion, EPRI wishes to acknowl­
edge the partic ipation of Public Service Com­
pany of Colorado and the ECTC cospon-

sors: New York State Electric & Gas Cor­
porat ion ,  Empire State Electric Energy Re­
search Corporation , the U.S. Department of 
Energy, E lectric Power Development Com­
pany, and Babcock & Wilcox Company. 

USABC Jump-Starts EV Battery Development 
by Robert Swaroop, Customer Systems Group 

F 
aced with severe air qual ity problems, 
Californ ia adopted regulatfons in 1 990 

that may revolution ize the automotive 
wor ld. The Cali fornia ru les require that 2% 
of the automobi les and l ight-duty t rucks 
produced for sale in the state in 1 998 be 
zero-emission vehic les (ZEVs ) ; by 2003, the 
requirement increases to 1 0% . In 1 992 and 
1 993, other states adopted ZEV regulations, 
and more states are expected to fol low suit. 

E lectr ic vehicles (EVs) are the only cur­
rent ly v iable technology that meets the ZEV 
cr iter ion . But legislation alone cannot guar­
antee that consumers wil l buy EVs, which 
lag behind conventional veh ic les in cost­
competi tiveness and driv ing range. Wide­
spread market acceptance of EVs wil l h inge 
on the development of lower-cost, h igher­
performance batter ies. 

Developing such batter ies has proved 
diff icul t .  To compete with vehic les powered 
by interna l combustion engines, EVs need 
propuls ion batteries that meet demanding 
requ irements. For example , to give vehicles 
the capabi l i ty for frequent. rapid accelera­
tion and the range for long-distance trips, 
these batteries must have high specific 
power, high specif ic energy, and high en­
ergy density. Further, they must be low in 
cost , easy to maintain ,  safe under all condi­
tions, and tolerant of the abuse that vehi­
cles suffer in daily operat ion. Fina l ly, they 
must be made from widely avai lable materi­
als and be environmental ly ben ign. 

Coord inated effort 

To meet these requirements, the three 
largest U.S. automakers-Chrysler Corpo-

ration , Ford Motor Company, and Genera l 
Motors Corporation- decided to pool re­
sources .  In 1 991 . they establ ished the U.S. 
Advanced Battery Consortium (USABC),  a 
research consortium that also includes 
EPR I ,  several ut i l i t ies, and the U .S .  Depart­
ment of Energy (Figure 1 ) . On behal f of the 
U .S . electr ic ut i l i ty industry, EPRI is provid· 
ing funding and battery expertise to the 
USABC and wi l l  a lso research and resolve 
Issues related to EV infrastructure In the 
United States. EPRI involvement h ighly 
leverages ut i l ity industry funding and en­
ables the industry to take part in the largest 
nat ional battery development effort. 

�evera l e lectric uti l it ies have also be­
come major USABC partic ipants , provid­
ing funding and expert ise. To date. these 
inc lude Pacific Gas and Electric Compa-

ny, Publ ic Service E lectr ic & Gas Compa­
ny, Southern Ca l l tornia Edison Company, 
Southern Company Services, and Empire 
State Electric Energy Research Corpora­
tion, a consortium of uti l ities in the state of 
New York. 

The USABC's goal is to develop for com­
mercial izat ion advanced battery systems 
that wi l l  increase the range and improve the 
performance of EVs in the latter part of the 
1 990s. To this end, the USABC has commit­
ted $262 mi l l ion to battery development; 
50% is government fund ing through DOE, 
and 50% is from EPRI and the uti l fty partici­
pants, the Big Three automakers. and bat­
tery developers. 

The consortium has establ ished cost and 
performance cr iter ia for two classes of bat­
teries-midterm and long term (Table 1 ) .  

ABSTRACT Several states have adopted regulations that mandate the pro­

duction of large numbers of zero-emission vehicles by 1998. A t  present, electric 

vehicles (EVs) are the only viable zero-emission technology. But so far, despite 

worldwide efforts, no battery meets all the criteria defined for a high-performance 

EV. To solve this problem, the three largest U.S. automakers, EPRI and several 

individual utilities, and the Department of Energy have joined forces in the U.S. 

Advanced Battery Consortium. Under USABC sponsorship, battery developers 

around the world are working to develop and test a variety of new battery types. 

While some of these technologies are targeted for vehicles of the late 1990s, 

other higher-performance technologies will power the EVs of the next decade. 
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Midterm EV battery technologies 

have potential for prototype produc­

tion by 1995 and for mass produc­

tion between 1995 and 1998. These 

technologies will probably power 

some of the EVs that will be sold in 

the late 1990s, when the first phase 

of the mandates takes effect. Long­

term batteries, according to the us. 

ABC criteria. must demonstrate com­

mercial viability by 1996 and must 

be capable of mass production in 

the next decade. These technolo­

gies are targeted for the widespread 

EV use expected after the year 2003. 

Figure 1 Through the U.S. Advanced Battery Consortium-es­
tablished by the Big Three automakers (General Motors, Ford, 
and Chrysler) and EPRl-industry and government are working 
together to develop high-performance EV batteries. To date, the 
USABC has committed over $260 million to this effort. 

of 10 years or more, and provide 

specific power of more than 400 

W/kg and specific energy of about 

200 Wh/kg. 

Midterm batteries 

The USABC criteria call for midterm EV bat­

teries to cost less than $150/kWh, last five 

years or more, and provide specific power 

of more than 150 W/kg and specific energy 

of more than 80 Wh/kg. 

One promising midterm technology is the 

sodium-sulfur battery. Many researchers be­

lieve that this technology may give Evs a 

range of 125-150 miles by the end of this 

decade. Developed originally by General 
Electric Company in the 1960s, with later 

development by Ford, the sodium-sulfur 

battery uses a ceramic beta-alumina elec­

trolyte tube with sodium negative elec­

trodes and molten-sulfur positive elec­

trodes in a sealed, insulated container. The 

battery pack itself is further insulated, since 

the modules operate at 350-380°C (662-

7160F). This operating temperature and 

sodium's reactivity require a rugged design 

for safe use. Although sodium-sulfur bat­

teries currently cost at least two times more 

to produce than nickel-iron batteries- and 

seven times more than lead-acid batter­

ies- they have low projected costs for vol­

ume production. thanks to inexpensive ma­

terials. 

Ford is now purchasing sodium-sulfur 

batteries for testing and evaluation in 1ts 

Ecostar vans. and the USABC has award­

ed a $12.1 million contract to Silent Pow­

er in the United Kingdom for research on 

advanced sodium-sulfur batteries. The con­

sortium also has signed cooperative re­

search and development agreements, or 

CRADAs, with Argonne National Laboratory 

and Idaho National Engineering Laboratory 
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for sodium-sulfur battery testing. 

The nickel�etal hydride battery may 

also meet the USABC midterm goals. Com­

posed of nontoxic, completely recyclable 

materials, this battery is environmentally 

friendly and. if successfully developed, 

may provide double the range and twice 

the cycle life of current battery technology. 

The battery is composed of nickel hydrox­

ide and an engineered hydride alloy con­

sisting of vanadium. titanium. zirconium. 

nickel, and other metals in small quantities. 

It is sealed. is maintenance-free. and can 

be recharged in as little as 15 minutes. 

Ovonic Battery Company-a Troy, Michi­

gan. subsidiary of Energy Conversion De­

vices-received a $19.9 million contract 

from the consortium to develop large-scale 

nickel-metal hydride battery packs for EVs. 

In March 1994, General Motors and Ovonic 

announced an agreement for the further 

development, manufacture. and commer­

cialization of Ovonic nickel-metal hydride 

batteries for EVs. The USABC also awarded 

a nickel-metal hydride battery develop­

ment contract to SAFT, a French battery 

company that has agreed to manufacture 

EV batteries in the United States if the de­

velopment effort succeeds. In addition, the 

USABC has signed a CRADA with Argonne 

National Laboratory for nickel-metal hy­

dride battery testing. 

Long-term batteries 

For the longer term, the USABC is seek­

ing EV batteries that will cost less than 

$100/kWh in volume production. boast a life 

One technology with potential for 

meeting the USABC long-term perfor­

mance requirements is the lithium­

metal sulfide battery. This elevated­

temperature battery is based on a 

lithium alloy-molten salt-metal sul­

fide electrochemical system. This 

system provides high power capa­

bility, which translates into better 

acceleration for EVs. Further poten­

tial advantages of this battery in­

clude its relatively small size and 

low weight, a cost per kilowatthour 

comparable to that of today's least-expen­

sive batteries. and low manufacturing 

costs. In addition. the battery is composed 

of iron disulfide and a lithium -aluminum 

alloy, materials that are completely recy­

clable. 

Under the terms of a three-year, $17.3 

million USABC contract. SAFT America. Inc .. 

will pursue a bipolar form of the lithlum­

aluminum-iron disulfide battery first devel­

oped at Argonne National Laboratory. Also. 

the USABC has signed a $7.3 million. 38 -

month CRADA with Argonne for further re­

search on lithium-metal sulfide technology. 

Lithium-polymer battery technology is a 

second strong long-term candidate. Ambi­

ent- and elevated-temperature lithium bat­

teries may provide high energy and power 

densities. and polymer electrolytes add 

packaging opportunities not available with 

liquid systems. Nonrechargeable batteries 

using lithium or lithium alloys for negative 

electrodes have been under development 

for several years and are now used in elec­

tronics applications. However, consider­

able R&D is needed in order for recharge­

able Hlhium-polymer systems to become 

viable for EV propulsion. 

To move toward harnessing the potential 

of this technology, the USABC has awarded 

a three-year. $24.5 million contract to W. R. 

Grace and Company and its partners 

(Johnson Controls. SRI International, EiC 

Laboratories. and UCAR Carbon Com­

pany); has awarded a $32.9 million con­

tract to 3M Company (wi th Hydro Quebec 

and Argonne National Laboratory); and has 



TABLE l 

USABC Performance Criteria for EV Batteries 

Specific energy1 (Wh/kg) 

Energy densityt {Wh/L} 

Specific power4 {W/kg) 

Recharge time (hours) 

Cycle l i fe * (no. of cycles) 

·sealed lead-acid batteries. 

'D ischarge ol capacity in 3 hours. 

'80".I. depth cl discharge. 

USABC USABC 
Current Midterm Long-Term 

Lead-Acid' Goal Goal 

33 

92 

75 

9-1 7 

400 

80 200 

1 35 300 

1 50-200 400 

<6 3-6 

600 1 000 

testing of advanced batter­
ies . This proced ure w i l l  en­
sure consistent data and 
relevant comparisons of al l  
technologies. The consor­
tium has in it iated bench­
mark testing of currently 
avai lab le technologies in 
order to properly character­
ize midterm and long-term 
advanced technologies. So 
far. three of the develop-
ment contracts in p lace at 
the beginn ing of 1 993 have 
produced working battery 
hardware that is bei ng eval-

signed a $3 m i l l ion CRADA with Sandia Na­
t ional Laboratory. 

uated at the DOE national laboratories. 

Other USABC efforts 

Although some of the technologies under 
development are ach iev ing signi f icantly 
hig her energy than current batteries. all are 
sti l l  extremely high in cost and wil l require 
extensive manufacturing and process de­
velopment to achieve the USABC cri ter ia for 
u ltimate pr ice. To address the issue ot com­
mercial feas ib i l i ty, USABC projects develop 
in-depth cost models when R&D has shown 
suff ic ient prog ress. 

The USABC has also developed and pub­
l ished an in terim procedure for laboratory 

Al though the USABC work is focused on 
batter ies , the consort ium has a lso identified 
vehicle integration as a key area for re­
search . This area involves many aspects 
of the battery system. including vo l tage, 
power-to-energy ratio. and battery-vehicle 
partit ioning requirements . 

Other EPRI R&D 

EPRl 's portfol io of EV battery projects is 
designed to use the uti l ity industry's expe­
rience and resources to best advantage 
in overcomi ng technolog ical barr iers. To 
make better batter ies avai lable as soon as 
possib le , EPRI is developing and test ing 

near-term batter ies. For example, It is help­
ing to fund Electrosource, l nc. 's develop­
ment of battery tech nology and processes 
for in i tial . l imi ted product ion of an ad­
vanced lead-acid battery ca l led the Hori­
zon®. Th is effort  wi l l  yield a commercia l bat­
tery by 1 995 . (For more informat ion on the 
Horizon battery, see the EPRI Journal, 

Apri l/May 1 994 , p. 6.) With DOE , EPRI is also 
supporting basic research on e lectrochem­
ica l systems for EV batter ies and on new 
materials for electrodes and electrolytes. 

If successful ly developed, advanced 
battery systems promise substantial bene­
f i ts to society. Even when emiss ions from 
electr ic i ty generat ion are taken into ac­
count, EVs are expected to cause far lower 
emissions than gasol ine veh ic les-the ma­
jor source of urban a i r  pollut ion. The greater 
use of electricity in transportation would 
also help reduce the consumption of im­
ported petroleum. The economic benefits 
of a strong EV market could include such 
business opportun i t ies as new advanced 
manufactur i ng technolog ies ,  vehicle and 
battery leasing, and battery recycl ing.  At 
the same t ime, electric uti l it ies stand to gain 
a large new market for off-peak electr ic i ty­
which ,  by al lowing better asset uti l i zation of 
generation. transmiss ion . and d istribution 
systems, could help stabi l ize rates for a l l  
customers. 
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New 
Contracts 

Project 

Customer Systems 

Codisposal of Brine and Olher Ettluen l 
(RP2662-72) 

Energy Management System Con t rol 
Slrategies tor Rea l-Time Pricing at lhe 
Marr iolt Moscone (RP2830- 1 7 )  

Developmen l o f  a Low-Cost Refrigerator 
Monilor (RP3 1 88 - t 0) 

Demand-Side Management Evaluation 
Database (RP3269-29) 

Applications Engineering Manual for Cold-
A,r Distribulion Dittusers and Air Term,naJs 
(RP3280-39) 

lmplemenung Uses of Theimal Storage 
(RP3280-48) 

Advanced Waler-Loop Heal Pump 
Controls Development (RP337 1 -6) 

Econormcs of Ethylene Manu laclure From 
Natural Gas Using M icrowave Technology 
(RP3633- 1 )  

Market Analys,s o l  Demarid-S•de Manage-
men t Program Penet ra11on (RP37 4 1 -3) 

Evaluation ol AdJus1able -Speed-Dnve 
Systems I n  lhe Process I ndustr y 
(RP3775-1 )  

EPR t / E -Tech Heat Pump Water Healer 
App lications Research Fie ld Test 
(RP3799- l )  

Improvemen t of Pub l ic Transportat ion 
I nter faces ( R P3805- 1 )  

Heap Leaching of Refractory Gold Ores: 
Proof ol Concept (RP3827-6) 

Ground-Coupled Heal Pump Field 
Moni lonng and Analysis (RP3848- 1 ) 

lndustnal Ef 1c1e11cy Optimization Using 
Prnch Anatys1s Potlatch M i l l  (RP3879-2) 

l ndus1r1a l Elficiency Opt1m,za1 lon Using 
Pinch Anatys1s: Pennzol l's Atlas Rennery 
(RP3879-3) 

I ndustr ial Elfi c,ency Op11m,zahon Us,ng 
Pinch Ana lys,s· Pe trowax Smerhpon . 
Pennsyl van ia  (RP3879-4 )  

Smal l Pac aged Cool Storage System: 
Demons1 rat lon and Evalua t ion (RP3906-1 )  

Environment & Vita l Issues 

Wa tershed-Based Rtsk Management ol 
Wa ter Qua l i ty (RP322 1-4) 

Model ing Change 1 n  the Breed,ng 
D istribu tion o Bird Species on Response 
to C l imate Change (RP331 6-6) 

Utilit y  Near-Term C l imate Dec i s,on 
Support (RP3441- 1 8) 

Evaluation ot Market Mechanisms to 
Comrol NO, (AP3835-1 )  

I ntegrated Assessment o f  Mercu,y 1n 
Flor ida. Phase t (RP9050-2) 

Delinea1ing Fracture Systems al a Former 
Manufaclured Gas Plant Site (RP9054- 1 ) 
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Funding/ Conrractor/EPRt 
Duration Pro1ec/ Manager 

$247,300 Energy and Environ-
1 1  mon ths mental Solut ions I 

K. Carns 

$346,300 Honeywel l / L Carmichael 
1 2  mon ths 

$84,300 NYSERDA / T Start 
10 months 

$21 0,000 Xenergy / R. Gr/Iman 
9 rnonlhs 

$ 165,700 Titus/R. Wendland 
24 months 

$ 1 90,000 Dorgan Associates I 
22 months R. Wendland 

$63,800 GC Conl ro ls IM Khartar 
10 months 

$75 ,400 H igh Technology 
9 months Associa tes/A. Amarnath 

$)57.000 Research Triangle 
9 months lns111 ule/  P Meagher 

$424 . 000 CRS Simne Engineers/ 
13 months M Samoiyj 

$187 ,900 AIL Research / C. Htiler 
1 8  months 

$52 .800 Bav 11acqua-Knigt 1 t  I 
4 months P Symons 

$292, 1 00 U S Bureau ol M,nes / 
26 mon ths I:. Eckhart 

$523,600 Richard Stocklon 
26 months College of New Je, sey I 

M Khattar 

$1 10 .000 Llnnholl Maroh l 
5 rnonlhS A Amarna/11 

$1 00,000 L1nnhoff March I 
4 months A Amarnarh 

$56,900 L1nnhofl March I 
4 months A Amarna/h 

$ 1 1 6.700 Powel l  Energy Products I 
1 2 months R Wendland 

$50,000 Systech Engoneenng / 
10 months R. Golds/11111 

$99.700 Na1,onal Fosh and W1ldl 1 fe 
13 monlhs  Foundation IL- P1telka 

$1 19 .700 Dec1s1on Focus / T  WIison 
1 1  months 

$ 1 56 ,800 Resource Strategies I 
24 months G Hester 

$ 1 30,000 Decision Focus/ L Levin 
1 1  monlhs 

$104,700 Allan11c Enwor,men tal 
9 mon ths Serv 1oes/ I Murarka 

Fundtng/ Comracror/EPRI 
Pto1ec/ Dura/ion Pro1ect Manager 

Generation 

Fossi l Plant Wear ano Tear Cos( $59 ,400 Decision Focus I 
Est1mat 1on (RP1 1 84-42 )  months D. O'Connor 

Pred ictive Ma intenance Benefit $ 189,000 Bogan IR. Co/sher 
Deve lopment (RP28 17-37) 12  mon ths 

lrweshga11on ol lJghtwe1ghl H igh -Vo lume $ 137 ,200 Canada Cenlre lor 
Fly Ash Systems (RP31 76- 12) 45 months M ineral and Energy 

Technology/D Golden 
Prototype 20-kW ln1egra1ed High- S851 . 1 00  Amonlx IF. Dosta/ek 
Concen t ration Photo.olta ic Array· Design . 2 1  months 
Developmen t , and Deployment 
(RP3256-5 )  

Control Syslem and l n lel l lgenl Tu toring S l . 1 85 .900 Foxboro Co. I R. Fray 
System Interface for Cope Sta11on Training 26 months 
Simulator {AP3384- 1 8 )  

M innesota Ag11cullL1ral Wood Energy $134 ,600 Wesm1n Resource 
Scale-Up (RP3407-18 )  35 months Conservation and 

Development D1s1 . I 
J Turnbull 

Economic Development Th,ough Biomass $90,500 N,agara Mohawk Power 
Systems lmegra t,on (RP3407-20) 9 monlhs Corp . / J  Turnbull 

Econo 1c Development Through B io,nass $56.500 Pacific Inte rnational 
Systems lnlegra�on (AP3407-22) 1 l mon1hs Genier for High -Tech 

Research I J Turnbull 

Mercury Speo 1at 1or, 1n Ul l l lty Flue Gas $54 ,700 Frontier Geosc lences I 
(RP347 1 -6 )  7 months 8 Noll 

Value-Based Cap1 1a1 Budget A l location $265 ,000 Straleg1c Dec,sions 
(RP361 1 -3 ) 9 months Group /M. Blanco 

Technology Development tor Reducing $2,307 .200 Stress Technology I 
Exhaus t  Hood Losses and lrnprov,ng 48 months T McClos�ey 
Turb ine Blade Perlo,mance (RP3648- 1 )  

Oemonslrat1on of Foss,! Plant Automat ion $452 000 Leeds & Nor thrup Co I 
Concepts (RP3690- 1 )  1 5  monlhS D. Broske 

Rolahng Mach,nery Wor1<s ra1 ,on S400,000 Automation Technology/  
(RP3693-2) 35 months T MCCioskey 

Water Management Benel11s Methodology  S267 . 1 00  Resources fo i the 
1or Hydro Plants (RP3 7 1 3·2) 12  months Future/C McGow,n 

tn Situ B ioremec11a11on of Sites $ 1 4 1 ,900 Radian Corp IS Yunker 
Con1arnrna1ed W ith Transformer 011 12 months 
(RP3734-3) 

Foss,t Power Plant Cast and Qual i ty $4 i0,000 Organ,zallonal Learning 
Management (AP3854- 1 ) 36 months Center IR Pllasterer 

EPR IWORKS: EPR t /LILCO Software $385 .300 Au tomation Technology I 
l nieroperatl l l 1 t y  Demons1ral1on (RP3865-l )  30 months R. Pflesrorer 

Fabry-Pero! H igh-Temperature Stram $202 400 Mechanica l Technology I 
Sys1em Feasibi l ity Study (RP3876-6) 14 months J. Werss 

Accelerated Advanced Hydro Turbine $50,000 Hydro Research 
Program (RP3944- 1 )  9 1nonlhs FoundaOon I C  Sulhvan 

lm,est,gation of t he lmerac t1on Between -$9 1 .000 Un1vers1ty of Clncmnat 1 / 
NaHC03, NO. and SO, (RP901 8-2 )  15  mon ths 8. Toole-O 'Neil 

Nuclear Power 

Cost-Benen1 Software for Analysis o! $595.000 Dec1s1on Focus I 
Rad,at1on Control Measures (AP 1 935--32) 32 months H Ocken 

Babcock & WltcOK Owners Group Generic $604,000 B&W Nuclear Sorv1ce 
L,cense Renewal Program ( RP3075- 1 2) 12  months Co . /J. Carey 

C rack Growth ,n Alloy 600 Vessel Head $370,200 Wesonghouse Etec 1nc 
Penetra1,on Materials (RP3223-7) 21 months Corp IR Pathanra 

Fire R i sk Studies (AP3234-7 )  $ 1 84.600 Science Apphcatio11s 
1 1  months lnternalranal Corp . I 

R. Oehl/Jerg 



Funding/ Comractor/EPRI 
Project Duration ProJec/ Manage, 

Simphfied BWR: Conformance $ 1 75,800 S. Levy/ R Burlie 
Assessment Support (RP3260s39) 8 months 

Dry Transler System Design for Spent $ 1 , 163.400 T ransnuc I ear / R. Lambert 
Fuel (RP3290-9) 21  months 

Roal-Cause Advisory Workstahon $150.000 FPI I n ternational / 
(RP3323·4 ) 1 4  months A . Singh 
Use of Pen.Based Computers to $80,000 Science Applications 
Automate System Enginee,s Duties at 7 months I nterna t ional Corp . /  
Nuclear Power Plants (RP3333-1 ) A. Smgh 
Qua l i 1y Class Redelinl l lon Pilot S1udy $50.000 ER IN Engineeri ng and 
(AP3477-9) 1 1  months Researcil J F: Rahn 
COAETRAN Analysis Program: Fuel $150.000 Ana1ech Research 
Behavior Developmenl (RP3574·6 ) 24 months Corp./ L .  Agee 
Coolan1 Ac11v11y Analysis for Fuel Fa i lures $120.000 S .  Levy /0. Ozer 
Involving Severe Degradat ion (RP3609-2) 1 4  monlhs 

NMAC Boric Ac id Corrosion Evaluation $70,900 Dominion Eng ineering I 
Program. Phase 2. Task 1 (RP3714-1 ) 10 months J. Jenco 
Risk-Based P11or1tizaHon Working Group $88,000 ER IN Eng ineering and 
(RP37 1 9·4) t5 monlhs Research/ F. Rahn 
Axial Power Ollset Root-Cause $453,200 Wesllnghouse E leclno 
lnvesl lgauon (AP377H J 29 months Corp./8. Cheng 
Impact ol Pnmary Coolant Chemistry on $66.600 NWT Corp. I B. Cheng 
PWR Fuel Performance (RP3771 -2) g months 

NMAC Static Sea ls Main lenance Guide $59,800 OES. l nc. /J. Jenco 
(AP381 4-6 )  10  monlhs 

lnterna11ona 1 R , s � - and Rehabr l tly-Based $ 1 , 209,000 Science Applicat ions 
Applications and Technology Transfer 41 monlhs lnlernatlonal Corp . I 
Alliance (AP3888- 1 ) R Oe/1/t,erg 
Verlfmal1on and Val idation of Knowledge- $474.700 Science Applications 
Based Systems Using Compu ter-Aided 25 months Internationa l Corp I 
Soltware Eng1neenng Toots (RP4352- 1 ) S. Bhart 
Ma enals Cond 1t1on Moni toring $292 .800 Pennsy lvania Stale 
(AP5365- W) 12 months Un1vers1 ty / M Lap1des 
Corrosion Poten tial Measurements and $450.000 Pennsylvania Slate 
Modeling of S1mulaled PWR Steam 36 months tJn,vers 1 1y I P M1/let1 
Generator Secondary Envi ronments 
( RPS520-1 3 )  

Mola r  Ratio Con t rol Guidelines $ 1 09,400 GEBCO Eng1neenng / 
Deve lopment (RPS520- 1 4 )  1 2  months P M11/e11 
Aulomaled o,agnosocs and C lass 1f,ca11on $97.900 Un ivers i ty of Tennessee / 
o( Eddy-Cuiren t Signals (RPS530-3)  24 mon ths M Behravesh 
Therma l Hydraulics and Foul,ng Ana lysis $50,000 CFO Research Corp./ 
of Steam Generators (RPS543-3 ) 1 1  months G Sr,kan11ah 
Tube Vibration Data Rev,ew and Forcing - $21 9,000 Argonne Nauonal 
Func tion Evaluation (RPS544 - 1 )  2 4  months Laboratory I G. Srikanr,ah 
Steam Generator Degractat1on-Spec1f ,c $ 1 7 1 ,600 Science App l icahons 
Management Database (RPS550- 13 )  9 months ln ternat,onat Corp . I 

R. Thomas 

Technical Support lor Regulalory Re\llew $ 19 1 ,000 Fa,lure Anafys,s 
ol S1eam Generato r  Degradat 1on-Speci t 1c 9 months Assoc1e tes/R rtiomas 
Managemeni (RPS550- 1 4 )  

Power Delivery 

Research on Furatdehyde 1n Translorrner $21 8,200 Powor 1och Labs / 
Oil (RP2445-6) 23 months S. L indgren 
UUIUy System Studies Using VSTAB $ 1 1 5, 1 00  Genera l  Electric Co. I  
(RP3040-2) 5 months 0. Mara/uku/am 
Dlsl r ibuuon Engineering Workslahon $520,000 Power Compuung Co. I 
Deve lopmenl , Phase 2 (AP3079-3 ) 1 2  months H. Ng 

Character ization and Deteo11on of Low- $ 49.800 Texas Englneenng 
Current Fau lls on Low-Voltage Power 1 6  months Experiment S1at1on / 
Systems. PMses 2 and 3 (RP3202-4) T. Kendrew 

Pro1ect 

INTELLCAO· Sof tware to Enhance CAO 
and Database Management Syslems 
(RP3573- 1 4 )  

Compu ter-Based Work  Management� 
Process Automalion Syslemc General 
Des,gn Specil ioalion (RP3573- 1 6 )  

Line-Segmenl Assessment and lnspecuon 
Methods: Field Experiment (RP362 1 · 1 )  

Distribut ion Automat ion/Demand-Side 
Management Demonslrat1on (RP3674-5) 

Uli ilty and Customer Commun lca t10n 
Infrastructure Alternat ives and Prolocols 
(RP3674- JO) 

Power Planl Pe r formance lnstrumenta1,on 
System (RP3732· 1 ) 

Solid ·Stale Breal<e r Development and 
Demons1ra1ion (RP3783- 1 ) 

Characlenzalion of Aged Polymer 
I nsula tors (RP3787-5) 

FACTS Requ irements Sludy for I ncreasing 
the Arizona -to -Califor nia T1a11sfer 
Capabihly (RP3789-4 )  

Deve lopmen t of Rock Steering Head lor 
Small-Diameter Boring Toot (RP3927-2) 

Advanced Techolq es and Tools tor the 
Removal of Jammed Cables (RP3927-6) 

A PC-Based D1elec1 t 1c Materials Da tabase 
(RP79 13·8)  

Complele Construct 1on at Cable life 
Evalua1100 Bays (RP7924·2) 

Strategic R&O 

Genetic A lgorithm Test Bed for EKpert 
Systems Testing (RP801 5-5) 

Evolut1on of Comple Ce l lular Au1oma1a 
lor Power  Grid S 1mula11on (RP80 1 7-6) 

Art 1f1c ial Neura l Networks for Dynamic 
System fden1,t1ca1 1on and Conuol 
(RP8030- 1 1 ) 

lnlell1gen l Au1omat1c Conlrol of Power 
Systems (RP8030-12 )  

lntoll igen l Unified Control of Unil 
Comm1 1ment and Gene,atron A l locat ,on 
(RPB030- 13 ) 

Inte l l igent Cont rol al Dynamic Systems 
(RP8030- 1 4 )  

Inte l l igent Control of Dynamic Systems 
(RP8030- 1 5 ) 

Development or Mu ltid 1mens1onar Two-
Fluid Model of Turbulenl Bo1l 1ng Flow 
(RPB034-4 ) 

Novel Concepi lor Heat Transler 
Enhancemen t : Appllcal lons of Ferrol luTds 
I n  Osci l l ating Magne 1 1c Fields (RP8034-5) 

B 1 furca11on and Chaos ,n Power Systems 
(RP8050·9) 

Ce0
2 Electrol yles lor Solid Oxide Fuel 

Cell Applicat ions (RP8062-4 ) 

Synlhas1s and Cha1acteris11cs ol New 
Ox1c:Je and Sulf i de Ma1ena1s as Po1en1 1al 
Mew Superconduc tors (RP8066- 1 ) 

Funding/ 
Duration 

$50,000 
6 months 

$68 ,000 
6 mon ths 

$534,300 
1 0  months 

$3.642.500 
37 months 

$200.000 
13 monlhs 

$600,000 
25 months 

$595,500 
69 mon ths 

$ 1 74 ,500 
25 months 

$ 144 ,000 
8 months 

$347.000 
22 months 

$526,700 
24 monlhs 

$68, 100 
5 months 

$86,300 
5 months 

$70.000 
6 months 

$72,600 
22 months 

$100,000 
31 monlhs 

$100,000 
23 months 

$ 1 00,000 
28 monlhs 

$ 1 00,000 
35 monl s 

$ 1 00.000 
31 months 

$68 . 700 
1 2 months 

$75 .000 
1 2  monlhs 

$252,500 
24 monlhs 

$170,900 
20 months 

$ t 50,000 
35 mon ths 

Contrec;o,/£PRI 
Project Manager 

Opercon Systems/ 
D. Sobaj,c 

Yanco Assoc 1a tos/ 
D. Sobajlc 

Engineering Da ta 
Management / P. Lyons 
San Antonio City Public 
Service IR. Bernsre1n 
Fi rsl Pacific Networks / 
R. Bernstein 

Polomac E leclric Power 
Co. JO. Maratu/wlam 
Westrnghouse E lec tric 
Corp. I H. Mell/a 

Arizona Stale Un iversily I 
A Hlrany 

San Diego Gas & E leclric 
Co. /R Adapa 

Underg rou11d Research I 
T Kendrew 
Underground Research I 
T Kendrew 
Power Compli ! l ng Co I 
T. Rodenbaugh 
A 0 . WIikinso n /  
J Sh1mshock 

OHR Technologles/ 
M. Wildberge1 
San Jose State University 
Foundation/ 
M. Wildberger 
Marqueue Umve1s1 l y  I 
B Banerjee 

M1ssissipp1 Slate 
Univers i ty IP: Hirsch 
Unive rs i ly of M ichigan I 
P Hirsch 

Umvers1 ty of l lhnols / 
M Lap1des 
Un1vors 1 1y of I l linois I 
C Lin 

Arizona  Slate Universi ty I 
P Kalra 

Energy ln1erna1 1onal I 
J. Mau/be/sch 

Univers,ly of Cali forn ia .  
Berkeley / f  Schnelder 
Ceramatec/ W Bakker 

Un1vers 11y of Maryland I 
P Grant 
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New 
Technical 
Reports 
Requests for cop ies of reports shou ld be directed 
to the EPRI  Dlst r ibut ron Center, 207 Coggins Drive , 
P.O Box 23205, P leasant H i l l , Cali forn ia  94523: 
(5 10)  934-4212 There is no charge for repor ts re­
quested by EPRI member u t i l i ties. Reports w i ll be 
provided to others in the United States for the price 
listed or, ,n some cases. under the terms of a li­
cense agreement .  Those outside the Uni ted States 
should contact the Dist ribution Center for price 
1nformat ron . 

CUSTOM E R  SYSTEM S  

Pi lot Study o f  Magnetic Fields in Electric 
Vehic les 
TR-103275 Final Report (RP3304-7) : $200 
Cont ractor  Elec1 r ic Research and Management .  
Inc . 
EPRI Project Manager: G . Purcel l 

Performance Evaluat ion of the HydroTech 
2000, Vol .  2 : Cool ing Season 
TR-103803 Final Report (RP2892-20); $200 
Cont ractor GEOMET Technolog ies . I nc . 
EPRI Project Manager· J . Kessel ring 

Assessment of Refrigerated Display Cases 
TR-103981 Frnal Report {RP2983- 19) : $50 
Cont ractor Energy In ternational , Inc . 
EPR I  Project Manager· M Khatlar 

Characterist ics and Energy Use of the 
Convenience Store Industry 
TR- 103982 Final Reporl {RP2983-19) , $50 
Contractor: Energy Internationa l .  Inc. 
EPRI Pro1ect Manager: M. Khaltar 

ENVI RONMENT & VITAL ISSUES 

Calc iu m-Based F lue Gas  Oesulfurization 
Sludge Disposal Ponds 
TR-103914 Fina l  Report (RP2485-8): $200 
Contractor: Baltel le  Pacific Nonhwest 
Laboratories 
EPRI Project Manager I Murarka 

Sodium-Based F lue Gas Oesulfur ization 
Sludge Disposal Ponds 
TR- 103915 Final Report (RP2485-8) ; $200 
Contractor : Batte l le Pac r f 1c Northwest 
Labor atones 
EPRI ProJect  Manager· I . Murarka 

GEN ERATION 

History of F i rst U.S. Compressed-Air  
Energy Storage (CAES) Plant (110 MW, 
26 h) ,  Vol 2: Construct ion 
TR-101751-V2 Fina l  Report ( RP2894-1 } , $10 ,000 
EPRt Project Manager: R. Pol lack 
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Coal Pretreatment Processes to Enhance 
Conversion 
TR-101810 Final Report ( RP2147- 16) : $200 
Contractor : Clint W. Wi l l i ford , Un iversity ol 
Mississippi 
EPR I Project Manager· B. Weber 

COE Coal Characterization Studies, Vol .  1 : 
Powder River Bas in Subbltuminous Coals 
TR- 103041-V l Final Report (RP1400-25) ; $200 
Contractor· CO Inc . 
EPRI Project Manager: D , o ·connor 

Standard Compressed-Air Energy Stora,ge 
Plant: Des ign and Cost 
TR- 103209 Final Report (RP2894-12} : $200 
Contractor· Energy Storage and Power 
Consu ltants 
E PRI  Project Manager R Pol lak 

Proceedings: Integrating Natura l Gas Tech­
nologies Into Coal- and Oi l -Designed Bo i lers 
TR-103469 Final Repor t (RP2819-25) : $200 
Cont ractor : React ion Eng ineering In ternationa l 
E PRI  Project Manager : A. Mehta 

Shel l  Coal Gasif ication Process Solid By­
Product Util ization 
TR- 103512 Interim Repor t  (RP2695-1 ) ; $200 
Contractor :  Shell Development Co. 
EPRI Project Manager: N . Stewart 

Solid Part icle Eros ion Technology 
Assessment 
TR- 103552 FinaJ Repor t (RP1885-10) ,  $200 
Contractor: Encor-Arnerica . Inc. 
EPR I Protect Managers: T. Mccloskey, 8 . Dooley 

Steam Turbine Rotor L i fe Assessment , 
Vols .  1 -5 
TR- 103619-V 1 -4 Final Report {RP2481-8); 
$10,000 each volume 
TR-103619-V5 Final Report : license requi red 
Contractor M1tsub rsh1 Heavy Industries. Ltd 
E PRI  Project Manager: R V lswanathan 

Measurement and Assessment Guide 
( MAG) for Improving Operat ions of  
Combust ion Turbines 
TR-103620 Final Report {RP2989-6) : $10 ,000 
EPRI Pro1ecl Manager: R Frischmuth 

Header Feedwater Heater Retrofit 
Demonstrat ion 
TR- 103651 Final Repor t  (RP1403-46) : $200 
Cont ractor: Encor-Amerlca, Inc . 
EPR I P roiec1 Manager : J . Bartz 

Steam Turbine Rotor Life Assessment and 
Extension: Evaluation of Retired Rotors , 
Vol .  1 -0uantif icat ion of NOE Uncertainty 
TR-103702-V l Final Report ('RP2481-5) ; $ 1 0,000 
Contractors : Southwest Research Inst i tute: J . A 
Jones Appl ied Research Co. 
EPRI Projec t Manager· R Viswanathan 

Steam Turbine Rotor Life Assessment and 
Extension: Eva luation of Retired Rotors, 
Vol .  2-Mechanical Propert ies of Serv ice­
Exposed Rotors 
TR-103702-V2 Final Report ( RP2481-5) : $1000 
Contracto r · Southwest Research Institu te 
EPRi Pro1ect Manager . R .  Viswanathan 

Proceedings: 1993 Strategic Resource 
P lanning and Asset Management Forum­
Opportunities, Chal lenges, and Responses 
for the 1990s 
lR-103739 Proceed ings (RP3605) : $200 
Contracto� American Productivi ty and Quality 
Center 
EPRI Project Manager. L .  Rubin 

SNCR Feasib i l ity and Economic Evaluation 
Guidel ines for Fossi l-F ired Util ity Boilers 
TR-103885 Final Repor t  {RP2869-14 .  RP9037-1 ) . 
$5000 
Cont ractors: Radian Corp . , Fossi l Energy 
Research Corp. 
EPR I Projec t  Manager: J . Stal l ings 

NUCLEAR POWER 

Radwaste Desk Reference, Vol. 3 ,  Parts 1 
and 2 
NP-7386-V3P1 , NP-7386-V3P2 Fina l  Repor t  
(RP2414-34). $200 each par t  
Cont ractor: Right Angle Indust ries 
EPR I  Project Manager· C Horn ibrook 

Cal ibrat ion of Radiation Monitors at 
Nuclear Power P lants 
TR-102644 Final Repor t  (RP2409-24 ) : $200 
Cont ractors. Louisiana Laissez- fa i re .  Inc : Pedro 
Po int Technology. Inc . ; TARAwest Techno log ies 
EPRI Project Manager: R .  James 

Determination of Susceptibi l i ty 
of Al loy 71 8 to lntergranular Stress 
Corrosion Cracking 
TR-103290 Final Report ( RP2181 - 10): $5000 
Contractor : CORTEST Columbus Technolog ies , I nc . 
EPRI ProJect Manager: J . Nelson 

Evaluat ion of Precoat FI iter Septa 
Performance Using a Powdered Resin 
Test Skid 
TR-103294 F rna l  Repor t  (RP2977-5) : $200 
Contractor: GEBCO Eng ineer i ng ,  Inc . 
EPR I  PrQJect  Manager· T Passel l 

Guidel ines for Instrument Cal ibration 
Extens ion/Reduction Programs 
TR-103335 Final Report (RP2409-2 t ) : $200 
Contractor Edan Engineering Corp . 
EPRI Project Manager: R . James 

Mol ten Cor ium Concrete Interactions: 
Advanced Containment Experiments (ACE) 
Project (Summary Report) 
TR-103483 Final Repor t ( RP2802) · call for price 
Contraclors: Argonne Nauona l Laboratory . AEA 
Technology ; Un iversity ot Wisconsin 
EPR I  Project M anager. M . Merila 

Corros ion Evaluation of Service Water 
System Materials 
TR- 1 03500 Fina l  Report (RP2939-12) , $ 1000 
Cont ractor: Stone & Webster Engineering Corp 
EPR I  Pro1ect Manager· D . Cub icc iott1 

BWR Water Chemistry Guide l ines, 1993 
Revision: Normal  and Hydrogen Water 
Chemistry 
TR- t 03515 Final Report (RP2493) : $200 
EPR I Project Manager: C Wood 



Guide l ines for Optimiz ing the Engineering 
Change Process for Nuc lear Power Plants 
TR- 103586 F inal Report ( RP3186- 1 7) ; $200 
Cont ractor CYGNA Ene rgy Services 
EPRI Project Manager_ w. Houston 

Rel iab i l i ty Centered Maintenance 
Implementation in the Nuc lear Power 
Industry : Guidel ines for Successful ACM 
Implementation 
TR-103590 In terim Report {RP2970-6) ; $50 ,000 
Contrac1or Ha l l iburton NUS Corp . 
EPRI Project Manager . 0 . Worledge 

Evaluation of Amine Inh ib i tors tor 
Suitabi l i ty as Crevice Buffering Agents 
TR- 1 03721 F inal Report ( RPS409-14 ) ; $200 
Contractor· SRI International 
EPRI  Pro1ect Managers · P Mi l lett , P Paine 

Effect of the Surface Fi lm Electric 
Resistance on Eddy Current Detectabil ity 
of Surface Cracks in Al loy 600 Tubes 
TR- 103750 F inal Repor t  { RP3500-10); $200 
Contractor Techn ica l Research Cent re of F in land 
EPRI  Project Manager. P. Pa ine 

Examination of Crysta l River Unit 3 Steam 
Generator Tube Sections 
TR-103756 Fina l Report (RPS4 13-6 . -7 , -8 ) ; $500 
Contractors. B&W Nuclear Technolog ies . 
Babcock & Wi lcox Co Adams & Hobar t . EPRI 
NOE Center 
EPRI Pro1ect Managers· P Pa ine , A Mcl l ree 

Low Level Waste Inventory Management 
Program for Storage and Disposal :  
SourceDk 1 .0-Software Descript ion and 
User's Ma nual 

TR-103810 F inal Report (RP2691 -10) . $1500 
Contractor- Grove Engineer ing . Inc. 
EPR I Project Manager · C. Horn 1brook 

PWR Full Reactor Coolant System 
Decontaminat ion Qual i fication Program: 
Decontaminat ion and Reir radiat lon of PWR 
Fuel Assembl ies 
TR-103816 Final Report (RP2296-20) , $200 
Conlractor: Westinghouse Electric Corp 
EPRI Project Managers· H . Ocken . C. Wood 

Gal l ing Wear of Cobalt-Free Hardfaclng Al loys 
TR-103845 Hna l  Repor t  (RP 1935) $2500 
Contractor. ABB Alom 
EPR I Pro1ect Manager : H . Ocken 

Chemistry of Titanium Dioxide in Steam 
Generators 
TR- 103849 Final Repor t  (RPS510-5) $200 
Cont ractor � Sonoma Research Co. 
EPRI Pro1ec1 Manager: P Paine 

POWER DELIVERY 

H igh-Vol tage Direct-Current (HVDC) 
Converter Stat ion Electromagnet ic Noise 
Study, Vols . 1 and 2 
TR- 102313-V 1 , TR- 1 02313-V2 F ina l  Report 
(RP1769-2) : $5000 each vo lume 
Contractor Ohio State Urnvers1ty 
EPRI Proiect Managers: B Demsky. S. Wr1gh1 

V isual iz ing Power System Data 
TR- 102984 F inal Report (RP8010-25) , $200 
Contractor : Un lversily of Wash ington 
EPR I  ProieCt Manager · R Adapa 

A Guide to Monitoring Distribution Power 
Quality, Phase 1 
TR- 103208 F ina l Repor t (RP3098-1 ) :  $5000 
Contractor · E lec rotek Concepts . Inc . 
EPRI ProJect Manager H Mehta 

Va lue-Based Transmiss ion Resource 
Analys is ,  Vols. 1 and 2 
TR- 103587-Vl . TR-103587-V2 Fina l  Repor t 
(RP2878-2) ,  $5000 each volume 
Contractor - RCG/Hagler Ba i l l y 
EPRI ProJecl Manager A. Vo1dan 1  

Proceedings: Disaster Preparedness 
Conference II 
TR- 103596 Proceedings (RP3225-2) ;  $400 
EPRI Project Managers B . Damsky. T. Kendrew 

Exper imental Study of Drained Behavior of 
Dri l led Shafts During Cyclic Inc l ined 
Loading 
TR - 103597 Fina l  Report (RP1493-4) :  $5000 
Contractor ·  Corne l l Un ivers i ty 
EPRI Pro1ect Manager  A . H i rany 

Detected L ightning Data in the United 
States: 1 988-1991 
TR- 103603 Fina l  Report (RP243t- 1 ) : $5000 
Contrac1or: State Univers i ty ol New York, Al bany 
EPRI Pro1ecl Manager ·  V Tahil lani 

Long-Term Dynamic Requirements Study: 
User Needs,  Existing Models, Data 
Avai labi l ity 
TR- 103606 Fina l  Report (RP3144 -2) , $5000 
Contractor. Ontario Hydro 
EPRI Project Manager: P H i rsch 

Superconducting Low-Voltage Direct­
Current (LVDC) Networks 
TR-103636 F111al Report ( RP7911 - 12 ) :  $5000 
Cont ractor Universi y or Wisconsin . Mad ison 
EPRI Project Manager- R Adapa 

Mult i -Area Unit Commitment With Security 
Evaluation 
TR-103637 Final Repor t  {RP4000- 10): $5000 
Cont ractor: Un iversity of Ok lahoma 
EPR I Pro1ect Manager· R Adapa 

Real-T ime Phaser Measurement for 
Improved Monitor ing and Contro l 
TR- 1 03640 Final Repor t  (RP1999- 12) : $5000 
Contractor v,rg 1n 1a  Polytechnic Ins titute 
EPRI Pro1ec1 Manager :  R .  Adapa 

Opt imization of the Unit Commitment 
Problem by a Coupled Gradient Network 
and by a Genetic Algorithm 
TR-103697 Final Report (RP8010-29) ; $200 
Contractor· Wayne State University 
EPRI Pro1ecl Manager :  R .  Adapa 

Ana lys is of Stressed Interconnected Power 
Networks 
TR- 103704 F inal Repor t  (RP8010-28): $200 
Contractor· Iowa Sta le Unive rsi t y 
EPRI Pro1er. 1 Manager· R Adapa 

New 
Computer 
Software 
The Elecl ric Power Software Center (EPSC) pro­
vides a single d istribution cemer for computer pro­
grams deve loped by EPR I . The programs are d is­
tr ibuted under  l icense to users .  EPRI  member u t i l ­
ities. in  pay ing the i r  membersh ip lees .  prepay a l l  
royalties. Nonmember organ izations l icensing EPR I 
computer programs are requi red to pay roya l ­
t ies .  For more in formahon about EPSC and l icens­
ing arrangements , EPRI member u ti l ities should 
contact the Electric Power Software Cente r. Power 
Computing Co . .  1930 H1 Line Dr ive , Da l las . Texas 
75207; (800) 763-3772 . O ther organlza1ions should 
contact EPRl 's Manager of L icensing . P.O.  Box 
104 12 .  Palo A l to. Ca l iforn ia 94303: (4 15)  855-2866. 

ARROTIA: Advanced Rapid Reactor 
Operational Transient Ana lysis 
Vers ion 1 10 (RS6000-AIX: Sun-UNIX)  
Developer: S . Levy Inc 
EPRI Project Manager; Lance Agee 

ASAPP™: Accounting Software Applicat ion 
for Pollution Prevention 
Version 1 .0 ( PC-DOS) 
Developer· Radian Corp . 
EPRI Project Manager : Mary Mclearn 

BaSES: Battery Storage Evaluat ion 
Software 
Version 2.0 (PC-DOS) 
Developer: E lec1rlc Power Consul t ing , I nc. 
EPRI Project Manager : Steven Eckroad 

CPM-2: Two-Dimensional Lattice Physics 
Code 
Version 3-A (Sun-UNIX)  
Developer: S. Levy Inc 
EPRI Proiect Manager Lance Agee 

IOSS OF LLW: Interim On-Site Storage of 
Low-Level Waste 
Version 1 . 0  (PC-DOS: PC-Mac,nlosh ) 
Deve loper : James & Associa les 
EPR I Project Manager. Carol Hornlbrook 

R ETRAN-03: A Program for Transient 
Thermal-Hydraul ic Analys is 
Version MOD001 (Sun-UN IX) 
Deve loper: Computer S lmu la lion and Ana lysis. 
Inc .  
EPRI Project Manager: Lance Agee 

SSPS'M: S ite Screening and Pr ior i ty-Setting 
System 
Version 10 (PC-DOS) 
Developer : Dec1s1on Focus Inc . 
EPRI Project Manager· Rober t Goldstein 

TREG RO: Response of Plants to 
Interacting Stresses 
Version 3.0 (PC-Macin tosh) 
Deve loper · Boyce Thompson Inst i tu te 
EPRI Pro1ect Manager: John Huckabee 
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EPRI Events 

SEPTEMBER 

22-23 
Codes for Addressing Groundwater 
Assessment and Remediation 
I rv ing , Texas 
Contact: Audrey Dreifuss , ( 415 )  855-291 9  

22-23 
lntercontrol Center Communications 
Protocol 
Loveland , Colorado 
Contact : L inda Nelson, ( 4 15) 855-2 1 27 

26-27 
Center for Materials Production (CMP) 
Economics and Technology Workshop 
San Francisco, Cal iforn ia 
Contact: John Kol lar, (41 2) 268-3496 

OCTOBER 

3-5 
International Joint Power Generation 
Conference and Exposition 
Phoenix, Arizona 
Contact: Cynthia White , (21 2) 705-7637 

4-6 
Pollution Prevention Seminar 
Scottsdale , Arizona 
Contact :  Pam Turner, ( 4 15) 855-201 0  

5-7 
Flexible AC Transmission Systems (FACTS) 
Conference 
Baltimore. Maryland 
Contact: Lor i Adams, (4 1 5) 855-8763 

1 2-1 3 
Fuel Oil Util ization Workshop 
Tampa, Florida 
Contact: Stephanie Drees , (714 )  259-9520 

1 7-1 8 
Center for Materials Production (CMP) 
Economics and Technology Workshop 
P ittsburgh, Pennsylvania 
Contact : John Kollar, (4 1 2) 268-3496 

1 7-1 9 
Energy-Efficient Office Technology 
New York , New York 
Contact: Lor i  Adams, (4 1 5) 855-8763 

1 9-21 
1 3th Conference on Coal Gasification 
Power Plants 
San Francisco, Ca l ifornia 
Contact: Linda Ne lson , (4 1 5) 855-21 27 

1 9--21 
Fuel Supply Seminar 
Chicago, I ll inois 
Contact: Susan Bisetti, ( 4 15 )  855-791 9  

24-27 
Power Qual ity Appl ications, 1 994 
Amsterdam, Netherlands 
Contact: Carr ie Koeturius, ( 5 10) 525-1 205 

28 
Municipa l Wastewater and Energy 
Conference 
New York ,  New York 
Contact: Keith Carns , (3 1 4) 935-8598 
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31-November 3 
Decision Analysis for Utility Planning 
and Management 
New Orleans ,  Louisiana 
Contact: Katr ina Rolfes , ( 4 15 )  926-9227 

NOVEMBER 

1-3 
Substation Equipment Diagnostics 
Conference 
New Orleans, Louisiana 
Contact : Kathleen Lyons, (4 1 5) 855-2656 

1 0-1 2 
3d International Workshop on Rough Sets 
and Soft Computing 
San Jose, Cal iforn ia 
Contact: T. Y. L in ,  ( 408) 924-5 1 21 

1 5-1 7 
Primary Water Stress Corrosion Cracking 
In Alloy 600 PWRs 
Tampa, Florida 
Contact: Linda Nelson, (415) 855-2 1 27 

1 5-18 
Market Research Symposium 
Marina de l  Rey, Cal ifornia 
Contact: Susan Bisetti , (41 5) 855-7919  

28-December 1 
Fuel Ceil Seminar 
San Diego, Cal i fornia 
Contact: Ed Gi l l i s , ( 4 15) 855-2542 

DECEMBER 

5-7 
12th International Electric Vehicle 
Symposium 
Anaheim, Cal ifornia 
Contact: Pam Turner, ( 4 15) 855-2010 

FEBRUARY 1 995 
8-9 
Energy Efficiency and the Global 
Environment 
Newport Beach, Cal iforn ia 
Contact: Marcia Littel l , ( 6 10) 667-21 60 

22-24 
1995 Foodservice Symposium 
New Orleans, Louisiana 
Contact: Susan Bisetti , (41 5) 855-7919  

MARCH 

22-24 
Verification and Validation of Digital Systems 
Nashvi l le ,  Tennessee 
Contact: Linda Nelson. (4 1 5) 855-2 1 27 

28-31 
1 995 S02 Contro l Symposium 
Miami ,  Florida 
Contact: Pam Turner, ( 4 15 )  855-201 0 

MAY 

3-5 
Continuous Emissions Monitoring 
Users Group Meeting 
Atlanta, Georgia 
Contact: Linda Nelson, (4 1 5) 855-21 27 

8-1 0  
1 3th International Conference on Fluid ized· 
Bed Combustion 
Orlando, Florida 
Contact : She l ton Ehrlich ,  (4 1 5) 855-2444 
1 5-1 9  
Joint Symposium o n  Stationary Combustion 
NO, Control 
Kansas Ci ty, Missouri 
Contact: Lor i Adams, ( 4 1 5) 855-8763 

JUNE 

1 9-21 
ISA POWID/EPRI Contro ls and 
Instrumentation Conference 
San Diego, Cal ifornia 
Contact: Lori Adams, (41 5) 855-8763 
28-30 
7th National Demand-Side Management 
Conference 
Da l las , Texas 
Contact: Pam Turner, (4 1 5) 855-8900 

JULY 

1 0-1 2  
Low-Level-Waste Conference 
Orlando, Florida 
Contact : Linda Nelson, (415)  855-2 1 27 
1 2-1 4 
EPRI/ASME Radwaste Workshop 
Orlando, Florida 
Contact Linda Nelson, ( 4 1 5) 855-21 27 

AUGUST 

15-1 8 
Particulate Control/Managing Hazardous 
Air Pol lutants 
Toronto, Canada 
Contact: Lori Adams, (4 1 5) 855-8763 
29-31 
PCB Seminar 
Boston, Massachusetts 
Contact: Linda Nelson, (415 )  855-2 1 27 

SEPTEMBER 

1 3-1 5 
1995 Heat Rate Improvement Conference 
Dallas, Texas 
Contact Susan Bisett i ,  (41 5) 855-791 9  

OCTOBER 

4-6 
Biodiversity and Ecosystem Health 
Jackson Hole ,  Wyoming 
Contact: Pam Turner, (4 1 5) 855-201 0  
1 8-20 
1 995 Fuel Supply Seminar 
New Orleans , Lou isiana 
Contact : Susan Bisetti , (4 1 5) 855-79 1 9 
25-27 
Gasification Power Plants Conference 
San Francisco, California 
Contact : Linda Nelson, ( 4 1 5) 855-2 1 27 

NOVEMBER 

28-30 
Predictive Maintenance and Refurbishment 
Orlando, Florida 
Contact: Susan Bisett i ,  ( 4 15) 855-79 1 9 
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