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Electricity iIs the most efficient and convenient
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means mankind has found to transport energy
<~ throughout his habitat....
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Electricity Is the
most efficient and
convenient means
mankind has found
to transport energy
throughout his
habitat....

peer Review S0Urce: Electricity in the American Economy, Sam H. Schurr, et al., 1990
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The Boettom' Line

Sunday, August 11, 1996

Millions lose power

Half of PG&E’s customers in Northem California affected; blackouts in 9 states

Substation explosion
cuts PG&E service
in South San Joze
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US Electricity Flow: - 1994

Elecfnc Ufilifies

| -L |
Matural 33z 3 .05
F‘e_trl:ieum IZI_.EI?
Muclear Electric

Powmer .84

Hydroelectric Power 2 50

i s e

Cohversion
Loszes

Eneryy 19 47

Conzumed
To Generate
Electricity
3042

Eross
Zeneration
of Electricity

10.45

1 Quad =0.29 TkWh

0.15 TkWh

Flant Use of Electrici’ 032 1 28 TKWh

T&D Loszes 0.94

[Jet
Generation
of Electricity

993

Fezidential 3.45
Fetail Sales
of Electricity
to End Llzers
1002

enthermal
and COther
0A7

Monutiity Power Prodir cers

Conwersioh Losses
~—and Industral

Energy Consurmed
far Industrial

FrocezzesFroducts

Procesze

- - st
£ 'x1 A Other 035 —

¥ Unaccounted
Irported  Eunnied
Electicty  Eleoticity ' 0
013 003

Electricity Purchas ed

3.24 TKWh
frare Mo nutility

Pamer Praducers D eliveriesto Other End Users

Gross Generation of Electricity 1.21

Facility Lize [including losses) 0,77 >

and to Produce
Steamn to Generate
Electricity

Feceipts fram /

U.S. Electricity Flow, 1994

Cther Producers 0,32

(G wedrillion B




Electricity, Prices: 1995:PRi
USIESASTa (CUS/KIWN)

AATTTT

19
Indonesia
US: $324 B o
Philippines
World: $1.3 T m Malaysia
1(2) 9 H Thailand
7.4 7.4 India
8 57 6.4 :
- 47 China
Ja
1.9 &t
mUS




Total

T&D
Losses

In-Plant
Used

Il A TS

Peer Review
July 1997

Production/Lchs
StUmmary,

TKkWh  %inT&D Loss EVERE No. of 500 MW
and In-Plant @) Power Plant
Use $0.10/kWh Equivalents
(BS)
3.24 324 740
0.28 8% 28 63
0.15 5% 15 35
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e Electrcity Paradlg

& Generation/Storage
& Transmission/Distribution

& Delivery/End Use



he Electrcity Paradigmeixi

Puwesing Progre

and/ SUperconauctivity

& Generation/Storage
Generators, SMES; FElywheels

& Transmission/Distribution
Cables; Transformers, FCLs

& Delivery/End Use
Motors, Electromagnets



SURERCENAUCTVILY =
and EfMficIency.

1994 2014 2014
@ 2%/yr Plants Saved
0.2%

Penetration
4x Efficiency
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Total 740 360
T&D Losses 63 31 11
In-House Use 35 17 6




he Electrcity’ ParadigmPRI
and/Deregulation

& Generation/Storage

GenCo
— Deregulated, OpenMarket; Commodity Bidding

& Transmission/Distribution
TranCo
— Regulated; ISOs; Stewardship?
§ Delivery/End Use

SenvCo
— Deregulated MultiUtility/(Elec, Gas, Telecom:;...)
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W ElEctricity- EPRI
‘h llranspoertationfAnalegy,
4* Electricity Transportation
o Fuel e Natural Resources
e Generation e Manufacturing/Agriculture
e Transmission e Interstate Highways
Electrons Trucks
e Distribution e Regional Freeways
e End Uses e Retail Sales
e Lighting e Home Depot
e Rotating Machinery e Sears
v o e Appliandes o Safeway
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California AB 1890 EPRI
SUummary.

S Implements electricity, deregulationiand
mandates CEC to'set upRD&D program

& CECRD&DProgram Mission

“PublicinterestRD&D activitiesito advance
energy sciencelortechnology/notadeguately
providedby,competitive’and regulated
NELE S

QRunded by utilities andaccess rate levy.
$62.M/Vr
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Califernia AB: 1890
RD&DIEOCUS Areas

& Renewable Energy

& Energy Efficiency.
Superconductivity?

&) Environmental Rrotection

&) Strategic Energy /Research
Superconductivity?
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Gas or Electrhicity? EPRI
RIPES OIA\WITES?
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Natural Gas Industry

Estimates of Remaining Reserves

Trendline
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<~ Vionthly Price EPRI
. ElUuctuations
«

Average Monthly Wellhead Prices of Natural Gas,
January 1991 through July 1996
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~ ElECthCIty iomiGas
<«
~ Combined
4 Steam Turbine CyCIe Gas
- Turbine
<~ (Aeroderived)
~ >60% TE,
« $500/KW
~ GE, ABB,

4

Hitachi



Distributed GenerationzPRI
US &EUGPRE

& Use widespreadNGipipeline network
§ Generationplantsisited locally

4485 F

Community,0f 60,000: 50-100IMW
Subdivision of1-2000: 3-5MW
Single FamilyDwelling: 20-30 kW

(100,000 btu/hr)

. Some level of storage required
f“Loosely” connected toignid
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Distributed GenerationzFRI

ng Progre

APPIOACIES

& Interal Combustion/(GRI)
& Micro-turbines® (ERRI)

'Solid Oxide Fuel Cells y o0k
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i Power by HiSE: EPRI
. Noerthr Amenca

§ Two Wheeling
Scenarios:

Hudson Bay Hydo
Power into New
England/New York

Vera Cruz Gas
Fields to Texas




> B RPower by HISC: EPRI
AsSia
2

Yakutsk From
Sakhalin

West Baikal N Loc_:ation of
Bl Aslan Gas

Fields

and Major

Energy Use

Centers

Turkmenistan

— Gas Pipelines

. Major Gas Supply
. Major Gas Demand
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Power by HISC: EPRI
Soeutheast: Asia
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Powering Progress

W IheSuperconducting ERRI
iy ElECITICIY RIPE!
<

Superconducting 5 Total Cryo
Electricity System
Pipeline
&) Power:
5GWidc
&) Cost:
Nitrogen Crong (_) < Gas HVDC

Superconductor >500Miles
(+V)
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OpPEerating Parameters

Capacity 50 kA, £50 kV; %GMW
Length 1610 km

Temperature Rise, 21,600 liters LNy/hr,
1 K every 10 km, 65 K, 100 kW coolers, 120
1 W/m heat input gal/min

Vacuum 10°-10" torr 10 stations/10 km need
200 kW
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Gas/HVDE Comparisen

Marginal Cost of Electricity (Mid Value Fuel Costs)

—e—LVDC ($5.5/kA-m @ 65K)
—mLVDC ($10/kA-m @ 77K)
——HVDC

—x—gas pipeline
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