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STATE OF ALASKA- DILL VERSION:  SJR 26

1989 LEGISLATIVE SESSION publish date: 2/u/B9
FISCAL NOTE
REQUEST:
Revision Dete: 9-Fcb-89 Agency Affected: Natural Resources
Title: Urging adoption of a national DRU:  Petroleum Management
energy strategy.
Sponsor: Faiks.Fahrenfcamp.coghill,Halford Uchling Jones Components: Petroleum Management

Requestor.  Senate Resources
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ANALYSIS:  (Attach aseparate page if necessary)

See Atf-ched

A Prepared by:  Carol Wilson Phone: 465-2400
Division: Commissioner's Office Date: 9-Feb-89

Approved by Commissioner. Lennic Gorsuch Date: 9-Feb-89
Agency. Department of Natural Resources

Distribution (by preparer) :
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Requestor
Office of Management and Budget
Impacted Agency(ics) pge 1 of 1



SJR 26

AMENDMENT by M. Davis

Line 13, Add:

WHEREAS The March 24, 1989 oil spill disaster in Prince
William Sound has underscored the need for improved tanker
safety, 1including oil spill prevention and spill response
technology; and
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FISCAL NOTE
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Distribution (by preparer) :
Legislative Finance
Legislative Sponsor
ncqucstor
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Senator Rick Uehling

Co-('lialrniun, Smile FinuniT (dm millee
Inlermiliouul Trade & Tourism Commillee
Slule Affairs Committee

MEMORANDUM

To: Representative Curt Menard
~"/Representative Cliff Davidson
CoTChairmen, House Resources Committee

From: /vy senator Rick Uehling
" A\"Po-Chairman, Senate Finance Committee

Subject: SJR 28, relating to oil and gas exploration,
development and production within the Arctic
National Wildlife Refuge

Date: March 6, 1989

I would appreciate your scheduling SJR 28 for a hearing before
the House Resources Committee at the earliest possible time.

Senate Joint Resolution 28 will reaffirm the Alaska
Legislature®s strong support of President Bush®s intention to
see ANWR®"s Coastal Plain opened to oil and gas activity.

Discovery of oil could mean a tremendous boost to the Alaska
economy. Even the pre-lease and exploration activity would
generate revenue for the state and jobs and economic activity for
Alaska workers and businesses.

Dangerously high U.S. oil import levels mandate an aggressive
domestic exploration policy. ANWR"s Coastal Plain is widely
regarded as America"s best chance to find very large quantities

of crude oilc

The U.S. Department of the Interior conducted one of the most
rigorous series of environmental studies on the Coastal Plain and
determined that oil and gas activity would not significantly
impact the w. Idlife populations of the area.

I have enclosed backup material for your committee files.

RU/ma

attachments

P.O. BOX V.JI'NEAC, AK 9981 | (907) 465-4821 . 3111 ST. #515. ANCHORAGE, AK <9503 1907) 561-7613



Attachments:

A. Reference Map of Northern Alaska
(Source: Coastal Plain Resource Assessment)

B. Summary of U.S. Department of the Interior Report and
Recommendation to the Congress/Final Environmental
Impact Statement

C. Text of Remarks by the President at Anchorage,
February 22, 1989

D. Excerpt from President Bush®"s Address to Congress,
February 9, 1989
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SUMMARY

ARCTIC NATIONAL WILDLIFE REFUGE, ALASKA, COASTAL PLAIN RESOURCE ASSESSMENT
Report and Recommendation to the Congress/Final Legislative Environmental Impact Statement

APRIL 1987

Prepared by the US. Fsh and Wildife Service, In cooperation with the US Geological Suney and
the Bureau of Land Managerment, Department u 11 Interior, Washington, D.C. 20240

TYPE OF ACTION

Recommendation for legislative action concerning
lutre menagement ol the 15 milllonacro coastal pain ol
tho 19illionecre Arctic National Wildlifo Roluge (referred to
herein as the '1002 area’), located in northeastern Alaska,

DESCRIPTION OF THE PROPOSED ACTION

The Secretary of the Into'l” recommends to the
Congress of tho United Slates it It enact legislation
drectirg the Secretary to conduct an orderly all and gas
leasing program for tho 1002 area at such pace and in
such circumstances as he determines will avoid
unnecessary adverse ellect on the environment.

The 102 area is the Nation's best single gpportunity
to Increase significantly donrestic all production, it is rated
by geologists as the most outstanding petroleum
exloration target in the onshore United Slates. Data fram
nearby wells in the Prudhoe Bay area and in the Canadian
Beaufort Sea and Mackenzie Delta, combined with
pramising seismic data gathered on the 1002 area, indicate
extensions of producing trends and other geologic
condilions exceptionally favorable for discovery of one or
nore supergiant fields (larger than 500 illion barrels).

There is a 19-percent chance that economically
recoverable ail occurs on the 1002 area Tho average of dl
estimates ol conditional economically recoverable all
resources (the “rrean’’) Is 32 hillion barrels. Based or. this
estimate, 1002 area production by the year 2006 could
provice 4 percent of total US. dermand; provide 8 percent
of US. production (about 660000 barrels/chy); and reduce
inports by rearly 9 percent.  This production could provide
ret national economic benefits of $794 hillion including
Feceral revenues ol $380 hillion

ENVIRONVENTAL EFFECTS

Potential impacts were assessed (or exploration,
developnent dhilling and production  Impects predicted for
exotralion and development drilling were minor or n;gligible
on dl wildife resources on the 1002 area.  Productic/i of all
is expected to directly alfect only 12650 acres or 08
percent o the 102 area  Consequences on species such
as broan bears, snow goese, wo' 'S, moose, and the
Central Arctic caribou herd are eqev. jd to be negligible
minor, o noderate.

Potential mejor effects on wildife from production are
linited to the Porcupine caribou herd and reintroduced
muskoxen.  ‘Major biological effects' were defined as:
"Widespread, long-term change In habitat availability or
qu' fity which would likely nodify natural abundance or
distribution ol species. Modification will persist at least as
long as nrodifying influences exist.”

Tho Porcuplno caribou hord has shown some
preference for calving on the 1002 area including the upper
Jago River area (84000 acres or 54 percent ol tho 102
area). A potential consequence would bo displacener o
portions of tho herd seeking to calve In the upper Jago
River aren-the case only Il the area were the silo of a
mejor producing al field It is wnikely, though possible,
that sv. h displacement would result in any appreciable
decline in herd size

The potertial effects of all and gas activities on the
area's muskoxen are urknown, although biologists predict
thet mgjor effects could be: (D) substantial displacerment
from currertly used hebitat and (2 a slowing of the hcrds
gronth rate, as distinguished fran a diminution In herd size.

Potertial effects on Native subsistence @l into two
categories.  the villago of Kaktovik and villages outside the
102 area, In the case of Kaktovik a ngjor restriction of
subsistence activities could occur.  This would likely resuit
Irom the physical changes proximete to Kaktovik which
could interfere with tracitional activities.  Subsistence effects
on villages outside the 1002 area, Including those in
Canada, are expected to be minirrdl.

ALTERNATIVES TO THE PROPOSED ACTION

Alterretives for the Congress that were discussed in
the report and legislative ervironmental impect staterrent
include: () Authorize leasing linted to a part ot the 102
area based on enviromental considerations  (Alterretive B);
(@ authorize further exploration only, including exploratory
dhlling (Altemative C); (@ continue current refuge status
with no further al and gas activity alloned (Alterretive D),
and (@) designate the area as wildemess (Altermetive E).
For purposes of emvironmental inpect statement analysis,
Altermative D is considered the "no action” altermetive

CONTACTS

Noreen Clough 202-3434313
Division of Refuges
U.S. Fsh and Wildiife Service
18th and C Street, NW
Washington, D.C. 20240

Oswald Grard 7036484428

Deputy Assistant Director tor Engineeripg Geology
U.S. Geological Survey M.S. 109

12201 Sunrise Valley Drive

Reston, Virgina 22092

Robert Schrott 202-663-2263
Division of Geology and Mnerd Resources
Bureau of Land Management

18th and C Streets, NW

Washington, D.C. 20240

SUMMARY VI
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in some cases, the gulls <ir.c .'ccyvj ofl o.if jncu»l. Hold the prorntse ol oil ana
gas reserves which can make our Nation mcro ser.u'O and less dependent on foreign
oil. When those with tne moat p'o”"'se can bo tapped safely, as wiih much ol tho
Alaska National Wildlife Refugo, we should proceed But we must use caution and we

must rospect tho environment.’

So tonight | am calling for the indefinite postponement ol three lease 6alor> wi.icn
havo raised troubling guostionc— two oil tho ccnst ol California. dnd one which could
threaten tho Everglades In Florida.

Action on thc86 threo lease sales will await the conclusions of a special task lorce
aet up to meacuro the potential lor environmental damage.

| am directing the Attorney General and tho Administrator of tho Environmental
Protection Agency to use every tool at their disposal to speed and toughen tho
enforcoment of our laws against toxic waste dumpers. | want fastor cleanups and
tougher enforcement of penalties against polluters.

in addition to caring for our future, we must earn for those around us. A decent
society shows compassion for the young, the elderly, tho vulnerable, and the poor.

Our first obligation Is to tho most vulnerable--infant3, pi. or mothers, children living
in poverty— and my proposed budget recognizes this. | ask for Iull funding of medic-
aid— an increase ol over S3 billion— and an expansion of the program to include

coverage of pregnant women who ore near tho poverty line.
| believe we should help working families cope with the burden of child care.

Our help should be aimed at those who need It most— low-income families with
young children. | support a new child care tax credit that will aim our efforts at oxactly
those families— without discriminating against mothers who choose to stay at home.

Now, | know there are competing proposals. 3ui remember this; Tho overwhelming
majority of all preschool child care Is now provided by relatives and neighbors, church-
es. and community groups Families who choose these options should remain eligible

for help. Parents should nave choice.

And for those children who are unwanted or abused, or wnose parents are
deceased, we should encourage adoption. | propose to re-enact the tax deduction for
adoption expenses, and to double It to S3.00C. Lei us make It easier for those kids who

have parents who love them.

We have a moral contract with our senior citizens. In this budget. Social Security Is
fully funded, including a full cost-of-llving adjustment We must rionor our contract.

We must care about those in “the shadows of life," and I, like many Americans,
am deeply troubled by the plight of tho homeless. The causes of homelossness are
many, the history Is long, but the moral Imperative to act la clear.

Thanks to the Jeep well of generosity in this great land, many organizations
already contribute. But we In Government cannot stand on the sidelines. In my budget.
| ask for greater support for emergency food and shelter, for health services and
measures to prevent substance abuse, and for clinics (or the mentally ill- and |
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Yukon. None of these wells was within
important caribou range and all were
abandoned.

Based on the inaccuracies, lack of

data, clouding of the issues and the
lack of attention paid to transboun-
dary concerns in the United State's
proposals, Canada and the Yukon

Since 1969, CH2M HIT.l, has played an active role in Alaska's dramatic
development. CH2M HILL engineers have served as consultants to
clients in the public and private sectors, serving Alaskals special needs
in a wide range of projec.s and services. We are proud to be a pait of
this continuing story of growth and achievement.

CONSULTINGTO GOVERNMENT AND

Structural &, Civil Engineering

Mechanical &, Electrical
Engineering

Hazardous &, Solid Wastes

Industrial Processes

Planning &, Economics

INDUSTRY.

Water & Wastewater
Surveying &, Mapping
Water Resources
Corrosion

Construction Management
Environmental Sciences

dermliTawersNarttn *» 255dO enalrSf:r8ttrFlaar d.\nchorage;AK9950X
Phane(907)27S-2551t - Jele/ax(907327T 973S

A laska's

locally-ow ned

accounting

largest

firm

continue to believe that wilderness desig-
nation is the onlyway to adequately protca
the Porcupine Caribou Herd and other
transboundary species. To this point we
have received no comfort that the herd can
be, or will be, protected from the effects of
development.

The ANWR debate will continue into
the next congress. American opponents to
the development will renew their efforts to
protect the regionand itsshared resources.
Canada andthe Yukon will be there aswell.
We will continue our efforts to ensure that
the Porcupine Caribou Herd, and the

people who depend upon it, will be pro-
tected. -ASAJ

In the next issue We willfeature the issues
that surround ANWR from an American
perspective. The authors will be Norman
Corsuch, VisitingAssociate Professor of
Law Science and Public Administration
andformer Attormey General of the State
ofAlaska, Dr. Vicky Borrego, Assistant
Professor of Management and Dr. Al
Borr_ego, Associate Professor of Public Ad-
ministration.
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February 24, 1989

The Honorable Sam Cotten
Speaker of the House
Alaska State Legislature
P.0. Box V

Juneau, AK 99811

Dear Mr. Speaker:

Under the authority of art. 111, sec. 18, of the Alaska
Constitution, 1 am transmitting a resolution requesting the
Secretary of the United States Department of the Interior to
prohibit exploratory drilling on the North Aleutian Basin
Outer Continental Shelf and to defer any near-term sales,
and requesting that Congress prohibit the expenditure of
funds for leasing or permitting drilling or other
exploration activity in Bristol Bay at this tinme.

The North Aleutian Basin generally, and Bristol Bay
specifically, represent one of the most productive areas 1in
the world for fisheries and other wildlife resources. The
United States Department of the Interior > QOuter Continental
Shelf Lease Sale 92 made certain land in this area available
to the oil companies for exploration, even though the area
has relatively low hydrocarbon potential and the
environmental 1impact statement for the sale indicated that
there could be severe adverse effects on Bristol Bay"s
fisheries and other resources as a result of oil and gas
development. I believe that those resources, and their
contribution to the state®s economy, simply cannot be put at
risk by subjecting the area to oil and gas exploration and
development.

Passage of this resolution as an expression of the will of
the people of Alaska would provide the Administration with a
significant tool 1in working to safeguard and protect the
fisheries and wildlife resources of Bristol Bay and their
significant contribution to the Alaskan economy. It 1is
imperative that the people of Alaska, speaking with one
voice through the legislature, make clear their opposition
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exploration and development of the North

to oil and gas
time, as noted in the

Aleutian Basin. At the same
resolution, Alaska would remain on record as fully sup-
porting the p udent and orderly development of the state's

Outer Contin'.ntal Shelf oil and gas resources in an
environmentally acceptable manner in other areas of the
state. I urge your prompt on this

measure.



STA7E OF ALASKA

1989 LEGISLATIVE SESSION

REQUEST:

Revonon Date:

TiUe;Qil L Gas Drilling
Aleutian Basin O0CS
Sponsor: Rules Committee
Requestor :Gove rnor

EXPENDITURES/REVENUES:

OPERATING FY 89

PERSONAL SERVICES
TRAVEL
CONTRACTUAL
SUPPLIES
EQUIPMENT

LAND A STRUCTURES
GRANTS, CLAIMS
MISCELLANEQUS

TOTAL OPERATING -0-

CAPITAL

REVENUE

FUNDING: (Thousands of Pollan)

GENERAL FUND -n -
FEDERAL FUNDS
OTHER

POSITIONS:

FULL-TIME 0-
PART-TIME Q-
TEMPORARY S

FISCAL NOTE

on Nortn

BILL VERSION ~ H-®R 32
PUBLISH DATE:  HOI'SE

Agency AlTected: O ffice of the Governor
BRU: of fice of Management and Budg

Components : 1mv. 1nn of C.nvernme nta].
Coord niation

(Thcusandsof DoBin)

FY 90

-0-
-0-
,rJ L

ANALYSIS I (Attach a sejwrae page ifneceswy)

There 1is no Tfiscal impact to the State
not the

Fy ot

because it requests Congress to act,

Prepared by:
Division :

Approval by

Distribution (by preparer):
Legulab ve Finance
Legislative Sponaor
Requestor
Office of Management and Budget
Impaaed Agency(ies)

FY 92

[ '
o O
' '

under

FY 93 FY A

_0- 0.
Oor 0
-u-

0 - 0
-U - -0 -
0 -0 -

this resolution
State government.

465-3562
TTTTTVr

D*.:

P®'c



NEWS RELEASE

FOR INFORMA TION CONTAC T

DAVID RAMSEUR
PRESS SECRETARY

TERENCE O'MALLEY
DEPUTYPRESS SECRETARY

FOR IMMEDIATE RELEASE , ~
March 1, 1989
No. 89-40

COWPER ASKS BUSH FOR BRISTOL BAY OIL DEVELOPMENT DELAY

WASHINGTON, D.C.- Gov. Steve Cowper has asked
President George Bush to delay oil exploration in Bristol
Bay, at least long enough to study the environmental
impacts of an oil spill in the fisheries-rich area.

The Governor this week asked Bush to include
Bristol Bay with three upcoming oil lease sales off
Florida and California in a federal review of the
environmental effects of off-shore oil development.

" ... Since questions of both environmental and
ocean resources 1impacts are at the heart of our concern
for Bristol Bay, we respectfully request that
consideration of the impacts of exploration in the area of
Lease Sale 92, the Northern Aleutian Basin, be added to
the scope of the review team,” Cowper told Bush in a
Monday letter.

"In making this request we are aware that Bristol
Bay is distinguishable from the other three O0CS areas 1in
that a lease sale already "s occurred,” Cowper said.
"Nevertheless, we believe the economic and biological
reasons for postponing exploration, while we answer
remaining questions, are as compelling as anywhere else in

the country."
-MORE-

1907) ->65-3500
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At 1issue is Bush"s pledge during a Feb. 9 address
to the nation to halt the California and Florida sales.
The President appointed a review team to study the sales
composed of the National Academy of Sciences, the Office
and Management and Budget, the Environmental Protection
Agency and the departments of Interior and Energy.

At Cowper™s request, a U.S. House budget bill now
making its way through Congress includes language to
include Bristol Bay in the review. Cowper also 1is asking
Congress not to appropriate money for Bristol Bay
exploration this year.

Cowper told the President the risks of a spill 1in
Bristol Bay outweigh the benefits of the relatively small
amount of oil believed present there. The yearly value of
the Bristol Bay fishery exceeds SI billion and employs
10,000 people.

The federal Department of Interior has determined
the probability of a spill there of at least 1,000 barrels
over the life of development at 52-57 percent. At the same
time, Bristol Bay ranks 14 of 18 outer continental shelf
leasing areas in terms of net economic value.

Cowper joined with his two immediate predecessors
in opposing oil development in Bristol Bay, which is the
only such sale opposed by the Cowper administration.

The Governor praised Bush®s support for
development of the Arctic National Wildlife Refuge and
said Alaska "fully supports the prudent and orderly
development of the state®s outer continental shelf in an
environmentally acceptable manner.

-MORE-
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"In Bristol Bay however, we look for your
consideration of deferring exploration in order to protect
its exceptional commercial, subsistence and esthetic fish

and wildlife values,”™ Cowper said.

-30-
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February 27, 1989

The Honorable George Bush
The President

The White House
Washington, DC 20500

Mr. President:

Thank you for the opportunity last week, on your stopover

in Anchorage, to speak with you on some 1issues of concern to
Alaska. As you know, we are very encouraged with your
stance to promote the opening of the Arctic National
Wildlife Refuge (ANWR) to responsible oil and gas leasing.
The coastal plain of ANWR offers a prospect of substantial
oil and gas recovery under adaptable environmental
conditions.

On a related 1issue, | was heartened by your announcement
that you have directed Secretary of the Interior Manuel
Lujan to set up a task force to examine the environmental
impact of proposed outer continental shelf (0CS) lease sales
in three areas off the coasts of California and Florida. As
you know, Alaska, too, has been seeking to postpone oil and
gas exploration in the 0CS, offBristol Bay, an area we
believe to be of far greater value for i1ts fish and wildlife
than for its hydrocarbon potential.

It 1s our understanding that \ administration 1is in the

process of focusing and shap* -he task force®"s scope of
review, and is evaluating w gr it will limit the task
force™s attention to the t geographic areas highlighted
in your speech. Since the Ip has beenexpanded to

include the Environmental jction Agency and possibly tne
National Oceanic and Atmos Lc Administration, and since
questions of both environim land ocean resourcesimpacts
are at the heart of our con .for Bristol Bay, we
respectfully request that co leraticn of the 1impacts of
exploration in the area of Le. Sale 92, the Northern

Aleutian Basin, be added to the scope of the review team.

In making this request we are aware that Bristol Bay Iis
distinguishable from the other three 0CS areas in that a
lease sale already has occurred. Nevertheless, we believe
the economic and biological reasons for postponing
exploration, while we answer remaining questions, are as
compelling as anywhere else 1In the country. As further
elaboration on the risks at stake in Bristol Bay, | have
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enclosed a copy of an issue paper which was provided to your
transition team 1in January.

Alaska remains responsive to the nation®"3 need to decrease
its dependence on foreign oil, as evidenced by our efforts
to open the coastal plain of ANWR, and fully supports the
prudent and orderly development of the state®s outer
continental shelf in an environmentally acceptable manner.
In Bristol Bay, however, we look for your consideration of
deferring exploration 1in order to protect 1its exceptional
commercial, subsistence, and esthetic fish and wildlife
values.

Thank you for your consideration of this important matter.

Enclosure

cc/enc: Richard G. Darman, Office of Management and Budget
James D. Watkins, Department of Energy
Manuel Lujan, Jr., Department of the Interior
Robert A. Mosbacher, Department of Commerce
William K. Reilly, Environmental Protection Agency
The Honorable Ted Stevens
The Honorable Frank Murkowski
The Honorable Don Young
Philip M. Smith, National Academy of Sciences



BRISTOL BAY OIL AND GAS LEASE SALE

ISSUE:

Should the Department of the Interior postpone exploration
and development of Oil and Gas Leases 1in Bristol Bay (Sale
92) ?

SUMMARY OF STATE POSITION:

The State of Alaska supports delay of oil and gas
exploration in Bristol Bay because of the low hydrocarbon
potential and extremely high fish and wildlife values.

BACKGROUND:

With the exception of Sale 92, the State of Alaska has
strongly supported the federal OCS leasing program off
Alaska. In 1985, the Governor of Alaska recommended to the
Secretary of the Interior under Section 19 of the Outer
Continental Shelf Lands Act (OCSLA) that Sale 92 be
poscponed for ten years. The Secretary rejected this
recommendation and conducted the lease sale. The courts
injoined the Secretary from opening the bids received from
the sale. In November, 1988, the Ninth Circuit Court of
Appeals lifted the injunction. The Secretary of the
Interior opened and awarded the bids soon thereafter.
Exploration on some tracts could begin in 1989.

The State 1s appealing this decision to the Supreme Court.

DISCUSSION OF STATE POSITION:

The State of Alaska supports a postponement of exploration
and development in this area because of the 1) the region®s
unequalled fish and wildlife values, 2) 1ts low oil and gas
potential, and 3) the reasonable expectation that risks will
be significantly reduced by deferring activities.

Fish and Wildlife Values

0 The fisheries of the sale area are among the most
prodcutive in the world according to the Sale 92 EIS.
First wholesale value can exceed one billion dollars
annually and employs 10,000 people.

0 According to the National Marine Fisheries Service, Alaska
Region the area 1is the single most important region of the
U.S. Outer Continental Shelf for the conservation of
marine mammals and endangered species and protection and
management of fishery resources.



Oil and Gas Benefits

0 The Department of the Interior estimates that the
potential economic benefits of the North Aleutain Basin
hydrocarbon resources are among the lowest of ail the
Nation®s OCS planning areas.

0 In 1985, the Department of the Interior ranked i1t 14 out
of the Nation"s 18 0OCS planning areas in terms of the net
economic value of recoverable hydrocarbon resources.

Risks of Exploration and Development

< 52- 57% probability that one or more spills exceeding
1,000 L -rels of oil will occur over the productive life
of the leases, according to Sale 92 EIS.

0 EIS projects major effects to the red king crab
population a3 well as less serious impacts to tanner
crab, salmon, herring and groundfisT We estimate the
discounted gross economic loss baseu on first wholesale
values to be approximately 563.6 million dollars.

0 The Department of the Interior has found that mechanical
recovery of spilled oil at sea becomes ineffective
between sea states three and four. In the Sale 92 area,
sea states of three or greater occur from 68 to %4
percent of the time.

Deferral will Reduce Risks

0 Deferral will enable important environmental information
to be obtained.

0 Deferral will allow imporvements 1in open-ocean oilspill
cleanup capabilities.

0 Deferral will allow the industry to obtain additional
operating experience in other less sensitive areas of the
Bering Sea.
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Bristol Bay Tribal Government Conference

RESOLUTIONNO. 89-
Deferral of Oil and Gas Drilling on the North Aleutian Basin (Bristol Bay)
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SIGNED:



EKME>V

UNITED FISHERMEN OF ALASKA

211 4th Street, Suite 106
Juneau, AK 99801
907-586-2820

fu * Members ut the House Resuui ces Commi ttee

/au have before you House Joint Peso lution Number 32 tar
consider at. ion.

United Fishermen of Alaska supports both this resolution and Senaie
Joint Resolution Number 11.

Ihe UFA Board of Directors has expressed unanimous opposition many

times in the past to drilling in the Bristol Bay area. The fisheries
resource there is one of the largest in the world? including Pacific
salmon of all species? several species of crab? herringi nalibut > and

many other groundt ish species. These are renewable resources and UFA
is extremely concerned that they mignt be jeopardized to extract a
non-renewable resource.

The extreme problems encountered in attempting to clean up an oi |

spill in Cook inlet tua summers ago indicated clearly to us the
potential disaster that could occur should a similar spill happen in
Bristol Bay. The environmental conditions in the Bay are tar rougher
than those inthe Inlet. Adequatecontainment and clean-up of a spill
in the Bay is simply not possible.

Lie sympathize with President Reagan's and President Bush's desire to
reduce the dependency of the United States on foreign oil. But uie
be lieve a sense of perspective must be maintained.

Apparently President Bush agreesi because he has established a task
force to examine three proposed lease sales (two in Cal ifornia and one

in Florida) for their potential for causing environmental damage.

Governor Cooper has requested Lease Sale 92 be added to the task

force's agenda) delaying the drilling wuntil more information on its
impacts can be obta' ?d. UFA heartily supports this effort.

Ue urge the .. jre to pass a statement supporting the delay or
termination ut re drilling? and we ask that you do so as quickly as
passible. It is our understandingthat such a statement of support
would greatly increase our chancesof favorableaction by Congress and

President Bush.

If | can provide further comments or assistance? please don't hesitate
to let me know.

fate Graham
Executive Director



UNITED FISHERMEN OF ALASKA

UNITED FISHERMEN OK ALASKA

Cass M. Parsons

executive Director RESOLUTION 85-3

WHEREAS the United Fishermen of Alaska is an organization representing
individual fishermen as well as 17 member fisheries organizations; and

WHEREAS tne UFA is vitally concerned with the use, protection and enhance-

ment of Alaska's fisheries resources and their habitat; and

WHEREAS the Federal government has proposed leasing the Outer Continental

Shelf in the area known as the North Aleutian Basin; and

resources of the Bristol Bay region and North Aleutian

WHEREAS the fisheries
fishermen, the

Basin are a renewable resource of extraordinary value to the local
State of Alaska, and the United States; and

WHEREAS Lhe UFA lias had a long standing concern with protecting the fisheries

resources in this region, rind has expressed particular concern over theeffects

which oil and cas development will have on these fisheries; and
WHEREAS the economic value of the fisherywill, over the long term, greatly
exceed the value of the projected oil reservesin thelease area, and therefore

must receive maximum protection; and

WHEREAS both the UFA and the State of Alaska have identified several signi-
ficant information needs relating to fisheries, marine mammals, birds and oilspill

trajectory analyses; and

WHEREAS the UFA believes that this information needs to be addressed prior to
any consideration of offshore oil and gas leasing in this region in order for all

parties to fully and fairly evaluate the impacts of petroleum exploration and
development on the important resources of the region.
NOW THEREFORE BE IT RESOLVED that the United Fishermen of Alaska, supports

a 10 year delay in any offshore oil and gas leasing in the North Aleutian Basin;

and

BE IT FURTHER RESOLVED that the United Fishermen of Alaskabelieve that this

delay should be used to, among other things, provide time to:

1) further develop offshore petroleum drilling and transportation
technologies that will ensure safe operations; and
2) ensure that oilspill containment and clean-up technologies are further

so that oil&pill clean-up operations will

developed, tested and : fined
the

be effective under the weather and oceanographic conditions found in



i) allow time for sufficient scientific studies to address the important

scientiiic questions which have been identified by the state and bv the
UFA; and

hi. I'' FURTHER RESOLVED that the United Fishermen of Alaska encourages the
State of Alaska, and the Alaska Congressional Delegation to work with all parties

and to use all of the powers available to them to ensure that the proposed OCS
li .tse sale No. 92 in the North Aleutian Basin is deferred.

Cass M. Parsons

Robert M. Blake
UFA Executive Director UFA President

Date Date
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Bull caribou in Ox Bow Like, near the Crow River.
Front, Porcupine Caribou calf. (1). Klein)
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Alaska Environmental Lobby, Inc.
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Alii. ISSUE PAPER: SR 28 -
DEVELOPMENT OP THE ARCTIC NATIONAL WILDLIFE REFUGE

Though wo appreciate the sponsor's restraint in limiting this bill to urging oil and gas oxploration,
rather than spending our limitco slate dollars on lobbying Congress, we still must oppose oponing
tho Arctic National Wildlife Refuge to development.

The benefits to tho state aro uncertain:

*Tho U.S. Geological Survey 1002 Aroa roport on the Arctic Coastal Plain projects only a 193
chance of finding economically recoverable oil. at a price ol $33 per barrel.

* Even if oil is found there, current indications are that the stale will receive only a meager royalty
share of ten porcent, perhaps less.

*The North Slope oil industry's recent labor record indicates that good jobs at fair wages for
Alaskans are by no means assured.

*Should we we continue to chase alter the next boom, and its inevitable bust, or should we turn our
efforts now to developing a truly sustainable Alaskan economy and way of life?

The benefits to tho nation are equally unclear:

* A recent paper published by the Southwest Energy Council (comprised of legislators from eight
key energy-producing states, including Alaska) emphasizes the need for conservation and for active
research into alternative onergy sources. The roport staios that domestic oil and gas currently
supplies about half our total U.S. consumption. Projections for the next twenty years forecast that
even with a hypothetical 3.2 billion barrel output from the Arctic Refuge, domestic supplies will
still meet only one third of our energy needs.

* The same report estimates that the fuel-efficiency of automobiles could be improved by 353, and
that a dO mile-per-gallon Corporate Average Fuel Efficiency would save an amount of onergy
approximately double the potential oil and gas production of the Arctic Refuge.

* Other sources make an even stronger case for the economics, environmental soundness, and social
benefits of conservation.

*Should a country which has no national energy policy at all, which has slashed research funding
for energy alternatives, which has dropped the efficiency standards for new vehicles.and which has
raised its fuel-conserving speed limit feel justified in raiding its last sizable piece of Arctic
wilderness, just to prolong its dependence on resources we clearly realize we must wean ourselves
from anyhow?

March 16, 1989

Bill Glude
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Bull caribou in Ox Bow Like, near the Crow River. I LIMM® o,
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Porcupine Caribou are deer that have become highly adapted to survive in harsh arctic and

T hoe sub-arctic environments. The Porcupine Herd takes its name from the Ie?endary Porcupine
Rhlver which features so greatly in the lives of these caribou and the people who depend on
them.

(M1 Ihc Porcupine Herd consists of aproximately and non-natives.
100.000 adults and a varying number of calves, depending
on Hie time of year. In the fall, about half the herd is made
up nl cows, one-quarter bulls and the remainder are juve-
niles

[M1 Porcupine caribou were disturbed by intensive
bunting on the Dempster Highway and likely would react
negatively to certain oil exploration and development
activities.

[MI Porcupine caribou calves are preyed upon by golden

eagles, grizzlies and wolves, while adults are mainly

preyed upon by wolves and to some extent by grizzlies.

[M1 Porcupine caribou are hunted on the coast in summer
by limit and inland the rest of the year by limit, Louchcux
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DEVELOPMENT OF THE ARCTIC NATIONAL WILDLIFE REFUGE

Though wo appreciate the sponsor's restraint in limiting this bill lo urging oil and gas exploration,
rather than spending our limited slate dollars on lobbying Congress, we still must oppose oponing
tho Arctic National Wildlifo Refuge to development.

The benofits to tho state aro uncertain:

*The U.S. Geological Survey 1002 Area roport on tho Arctic Coastal Plain projects only a 192
chance of finding economically recoverable oil, at a price ol $33 per barrel.

*Even if oil is found there, current indications are that tho stale will receive only a meager royalty
share of ten porcent, perhaps less.

*The North Slope oil industry's recent labor record indicates that good jobs at fair wages for
Alaskans are by no means assured.

*Should we we continue to chase after the next boom, and its inevitable bust, or should we turn our
efforts now to developing a truly sustainable Alaskan economy and way of life?

The benefits to the nation are equally unclear:

* A recent paper published by the Southwest Energy Council (comprised of legislators from eight
key energy-producing states, including Alaska) emphasizes the need for conservation and for active
research into alternative energy sources. Tho report states that domestic oil and gas currently
supplies about half our total U.S. consumption. Projections for the next twenty years forecast that
even with a hypothetical 3.2 billion barrel output from the Arctic Rofuge, domestic supplies wifi
still meet only one third of our energy needs.

*The same report estimates that the fuel-efficiency of automobiles could be improved by 352. and
that a 40 mile-per-gallon Corporate Average Fuel Efficiency would save an amount of onergy
approximately double the potential oil and gas production of the Arctic Refuge.

* Other sources make an even stronger case for the economics, environmental soundness, and social
benefits of conservation.

*Should a country which has no national energy policy at all, which has slashed research funding
for energy alternatives, which has dropped the efficiency standards for new vehicles,and which has
raised its fuel-conserving speed limit feel justified in raiding its last sizable piece of Arctic
wilderness, just to prolong its dependence on resources we clearly realize we must wean ourselves
from anyhow?

March 16. 1989

Bill Glude
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—A Recipe #/
Low-E Window Technology

Step L. Invest$8m||||on in a low-E coating system.
Step 2: Coat 20 million square feet of windows per year
for th e1 ear nominal life of the coating syStem.
Step 3: écguemu% Oenergy savings over the 20 year life
window

Step 4: RESULT: Savas of 36 million barrels
of ol equivalent!

-Fir.

Figure 1

Glass coaters such as this high-rate sputtering system can coat large sheets of
glass with sophisticated multilayer coatings for control of heat and light in
buildings.

Photo courtesy of Airco Solar Products, Concord. CA.
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from the Center for Building Science / Lawrence Berkeley Laboratory

New Energy Supply Technology for the 21st Century

High Tech Window Coatings
"Supply" Energy Services

Buildings account for over one third of all U.S. energy
consumption. ~ Energy policy has emphasized the
development of new secure energy supply options such as
off-shore oil. But advanced bundln% technology that
effectively reduces the need for current consumption can
also be viewed as a supply option,

Consider the following two choices for "supplying"
$1 billion of energy services:

Low-E Window Technology

Heat loss from windows Is responsible, for about 4% of total
U.S. energy consumption, or the equwalen_t of 1.4 million
barrels of0il per day. Transparent low emissivity (low-E)
coatings provide oné third reductions in window fieat loss.

This industrial low-E coater (See Recipe 1) can coat over
20 million square feet of glass for windows each year.
Savings accumulate rapidly 3ince each window continues to
save energy over its entire’lifetime, at least 20 years.

O ffshore O il Wells

O1l under the. continental shelf is a secure, but
environmentally. fragne, costly and depletable supply
option. (See Recipe Z ).
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The Economics of Payback Times

Thirty-six million barrels of oil equivalent saved by low-E
is worth more than $1 billion of home heating oil,” natural
0as, or electric resistance heat.

The simplest economic measures of energy efficiency
investments are simple payback timé, or cost of
conserved energy.

Low-E glass adds about $2.00 per square foot cost to a new
window; but pays back this investment in 2 to 6 years
de endmg upon tlimate and ener%y costs, Coated ﬁlass cost
may be reduced in the future, tfiereby further shortenin
the"payback. The cost of energg coriserved by a_low-
window Is 40 cents per therm™0f gas §current price, 60
cents per thermg or 54 cents per gallon of home heating ol
current price, 80 cents ﬁer gallon), or 2 cents Eer kilowatt
kQIr eletctgnc resistance heat” (currént price, 7.5 cents per
llowatt).

These energy conservation strate%ies are good investments
for consumers, help strengthen U.S. indUstry and reduce
our dependence on foreign-oil.

For more information about 1ow-E windows, contact your
local building materials supplier, window manufacturer, or
architect/builder.

For more information on the economics of energy
conservation or other research notes in this series, contact:

American Council for an Energy-Efficient Economy
1001 Connecticut Avenue NW, Suite 535
Washington, DC 20036

(202) 429-8873
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Recipe #2
Offshore Oil Wells ft-
Step 1. Invest $300 m|II|on in a 10 well offshore ol <U

B latform, roro ucing 10,000 barrels per day.
Step 2: ump oif for the 10 year nominal life of the
oil field (don't spill & drop).

Step 3: RESULT: Supply of 36 million barrels of oil!

Figure 2

Page 3

An oil company's 10,000 barrel/day, 700 foot-high, $ 300-million platform off

the Santa Barbara, California coast.
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Figure 3

Recalling a Fastastic Voyage

With a length of over two football fields, Shell Oil Company's Eureka Oil
Platform was placed on its side for a voyage in 1984 to a site off the Santa
Barbara Coast on the California Outer Continental Shelf. In order that it pass
under the Carquinez Strait Bridges, spanning the Sacramento River as it enters
San Francisco Bay, the engineers had to time the platform's departure to
correspond with the lowest tide, allowing it to safely clear the bridge's roadbed.

The completely outfitted 38,000 ton Eureka platform was lowered into 700 feet of
water. A 24 inch diameter hole has been drilled to a depth of 200 feet below the
ocean floor, directly below the platform. From this central hole, 60 off-angle
wells (conductors) have been drilled to form a grid of holes that enter the oil
reservoir.
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Selected Energy-efficient Technologies: Current Savings and Predicted Savings at Saturation.

Solid-state
ballasts
v Life 35,000 hr
» Cost Premium $12
» Lifetime Savings per unit
$ $100
Energy 1000 kKWh
Coal 1000 Ib
» Savings from 1988 U.S. Sales
1988 U.S. Sales M
$ $200 M
Coal (tons =T) LMT

Baseload Plants (5 Bkwhiyr) 0.4
Oil platforms (10,000 body 1
» Savings at Saturation

Units in Place (1988) 600 M
Annual $ $6 B
Coal OMT

Power Plants (1000 MW) 12
Oil Platforms (10,000 bod) 30

aOne PL-9 replaces a series of thirteen 50W incandescents.

Compact
Fluorescents
PL-9)a

10,000 hr

~0
$40

400 kWh

400 I

§M
$300 M
L5 MT

0.6

15

-800 M
$6 B
30 MT

12
30

Windows
Low-Eb

30 yr
0-$1.00/ft2

$10/ft2
1.5 M Btu/ft2

52 b Carbon/ft2

200 M ft2
$2 B
5 MT Carbon
15
15 B ft2

$6 B
20 MT Carbon

50

Refrigerators)
1987 California

Title 10

20 yr
$100

$1600

16,000 kWh

8 tons

oM
$10B
50 MT

20

50

125 M

S108

50 MT
20
50

~Comparison assumes an overall weighted average improvement of 0.25 Btu/ft2-hr-°F, 6000 heating degree days,

and furnace efficiency of 70%.

cComparison based on 1987 California Title-24 Standards vs. 1977 models.

Source: Geller, H, Harris, J., Levine, M., Rosenfeld, A., "The Role of Federal Research and Development in
Advancing Energy Efficiency: A $50 Billion Contribution to the U.S. Economy", Annual Review ofEneroy,

12:357-395, 1987.

Some Conversions: One Baseload gas- (or oil-) fired 1000 MW power plant consumes the equivalent output
of 2.7 offshore oil platforms (10,000 bod/platform). Mendocino plus Humbolt Leases call for 10-20 platforms.
The Alaska National Wildlife Refuge could yield 30 equivalent oil platforms.



PROPOSED ENERGY POLICY

1. Improve efficiency 3.5% each year for the next 20-10 years
This doubles efficiency every 20 years.

2. Promote our new efficient products in both the industrial world
and the 3rd world.

If industrial GNP’s continue to grow 2.5/yr, we’'ll reduce fossil fuel
use about 1%/year (halving time 70 years). That might keep
WORLD fossil fuel consumption growth down to 1%/year.

Energy Conservation Folicies for the US and OECD

1. Change National Policy
Encourage Least Cost Energy Services. Level the
supp'y-demand playing field [10-year payback for supply VS
2-3 year for demand].
Stop opposing auto and appliance standards with 3-year
payback.
Stop cutting R&D budgets and consumer information.

Extend the time horizon for capital gains taxes.

2. Redefine Utility Profits To Make Least Cost Energy Ser-
vices More Attractive Than Just Selling Energy

3. Buildings (State and National)
Sliding Scale hookup fee/rebate. $1000/kW, revenue
neutral.

4. Autos (State and National)
Slowly raise gasoline tax to $1/gal.

Immediately introduce a new car efficiency fee/rebate;
$200/mpg, revenue neutral.

5. CC»2 pollution rights, with rebate (State or National)
I-2tf/lb of carbon = I|-2£/kW h generated from coal, Vt
IE/KW h generated from natural gas. No fees or rebates cross
state lines, so no threat to coal-use states; merely encourages
efficiency and reduces fossil fuel use.
Charge fee per pound burned, rebate per customer. Fees
to be determined by a pollution rights market or auction
with a goal to reduce C0O0 by 1%/year.

5a. SO” and Other Pollution Rights e

Same machinery but cut SO~ faster.

Source: A. Rosenfeld, R. Mowris, and J. Koomey, “Energy Efficiency
and Least. Cost. Planninsr,” Comments for tho Californio Energy

Commi ; August, 17. 1988.



U.S. Primary Energy Use: Actual vs. Predicted by GNP

120- 120
Note: Open Jaw Labeled 'Conservation Since 1973"
Includos Structural Changes and Improved Efficiency.
100 100
GNP Scaled By (1973 Quads/1973 GNP) 1987 Quods
27.4 Conservation
80 CD Hydropower, Geothermal, and Renewables Conservation
03 Nuclear Since 1973
3.3 Hydro, etc.
(33 Natural Gas 4.9 Nuclear
2U Petroleum 35.6 Quads
60' Coal 60 Non-Fossil
40 - -40
20 -
1949 1953 1957 1961 1965 1969 1973 1977 1981 1985
Year
XCC 0B4-RJIM
4/30/88
mm fia

Source: Economic Report 0t the President, council ol Economic Advisors, January ignn._and..Annual Fnemv
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Energy efficiency and least-cost planning

DRAFT

POLICY PROPOSALS ABRIDGED FROM A LONGER COMMENTARY
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DRAFT

T he FOLLOWING FIVE policy proposals have been extracted from a larger paper presented
to the California Energy Commission in July 1988. All five proposals could be adopted nationally
or by individual states, and are aimed at improving energy efficiency, increasing U.S. competi-
tiveness, and reducing pollution.

The first four proposals are designed to remedy a wide-spread market failure: the drastic
difference in time horizons between consumers who are interested in energy services and investors
who are interested in energy supply. The time horizon for consumers is usually 3 years or less
while the time horizon for investors is often 10 years or more. Other examples:

. Surveys of buiSuers always show that they will invest in efficiency (insulation windows,
lighting, air conditioning, etc.) only for a paback of 2-3 years.

. The 1986 appliance standards were negotiated on the basis of a 3-year payback.

. The 1988 fluorescent ballast amendment to the appliance standards was negotiated on the
basis of a 1.5-year payback for efficient-magnetic ballasts, even though the solid-state bal-
last saves two-and-arhalf times more energy and has a 3-year payback.

Proposals 1 and 2 are designed to level the investment playing field in a wholesale fashion
by encouraging utilities to provide energy services at the least cost. Proposal 3 is designed to
remedy the 2-3 year time horizons of builders by requiring sliding-scale hook-up fees and rebates
for new residential and commercial buildings so as to include in those buildings the marginal cost
to society of providing new power. Proposal * is designed to reduce air pollution and traffic
congestion, by implementing both a gas tax and a revenue-neutral mpg fee/rebate program that
would encourage new car buyers to purchase more fuel-efficient cars.

The fifth proposal, a C02 tax to help curb global warming, will create a politically viable
economic playing field where none now exists— by attaching a price of about 2#/lb. of fossil car-
bon burned (about 2 # for each kWh generated from coal). This rnay seem politically naive, but
we craft it as a revenue-neutral fee/rebate scheme, implemented by each state individually, with
no interstate transfer of funds. This might be politically acceptable.

Five policy suggestions for least-costenergy services plus COdabatement

1. A Premium Rate ofReturn for Utilities Who Offer the Lowest Cost Energy Services

The fastest way to improve the efficiency of buildings is to have utilities offer financial
incentives to retrofit existing ones and incorporate energy-efficient design features in new ones.
But in many states utilities earn a return only on their supply-side investments; “demand-side”
investments beyond the customer’s meter are simply expensed. At a minimum we should permit
utilities to add their demand-side investments to their "rate base" and earn the usual rate of
return on them. Many states permit this "rate basing” and Washington even adds a 2% prem-
ium to the rate of return on conservation investments. Some New England states are now con-
sidering a similar premium.

We favor any incentive, such as a large premium on investments for conservation, but are
now convinced by our experience with urban trees and by Maine Commissioner David Moskovitz
(Moskovitz 1988), that ° iere premium is inadequate, and will always fail to interest a utility in
the cheapest (and hence most desirable) conservation measures. A premium on investment,
rather than on the results of the investment is in fact the same mistake made by the U.S., and
many states, in the late 1970s when the U.S. government rewarded solar energy investments
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rathe than energy savings. That was a disaster that we don’t want to repeat in the utility field.

David Moskovitz has suggested that a utility’s rate of return he tied to relative improve-
ments in average hills (for residential customers) and in electricity use per square foot of floor
space (for commercial customers). He further proposes that a base period be established for aver-
age bills for a given utility, and an index comprised of the average bills of all of the utilities in
the region of the country that the utility is located. On a periodic basis the entire rate of return
for utilities would be adjusted up or down (with a :ap of plus or minus 2%, e.g. 12% *2% per
year) depending on the relative performance of the average customer bills compared to the index.
The system focuses on relative changes in customer bills and assures that 2<4. conservation will be
preferred to 3<tsupply because the cheaper option has a greater effect on lowering customer bills.
The system is oriented towards "bottom-line" economics that are easy to measure, compare, and
understand. There is no need to measure the cost or actual performance of conservation or other
demand-side management efforts since all program savings and costs will show up in the average
customer bills. Even such a novel and cheap energy-saving idea as planting urban trees (dis-
cussed below) would be cost-effective and profitable for a utility to pursue under Moskovitz’s
regulatory plan.

Example: Incentives for Planting Urban Trees

At Lawrence Berkeley Laboratory, we now believe that planting urban trees is the cheapest
way to save kilowatts of air conditioning power. Put very simply the recipe is: pay $15 to $75 to
plant and water 3 trees around a house, wait 10 years for the trees to grow, and then save about
1 or 2 kW of peak power and about 750 to 2000 kW h/year in air conditioning energy per house
(Akbari el al. 1988). Table 4 compares the cost of saving a kWh of electricity and a pound of
carbon (as C02) for urban trees and several other familiar strategies such as efficient electric
appliances and efficient cars. From the table it is clear that urban trees are the most cost-
effective measure—about 10 times cheaper than nuclear power.

But if urban tree planting is the cheapest way to reduce peak-power demand, why aren’t
conservation-minded utilities marketing this option? The answer seems to be partly psychology
and partly history. Before energy conservation was a concern, utility managers were primarily
interested in building big power plants. Now that they recognize the importance of energy con-
servation in reducing peak power demand, they are still looking for hardware solutions such as
thermal storage and efficient appliances. And although these conservation measures are cost
effective, they are still 2 to 10 times more expensive than planting urban trees. In order tv. get
utility managers to consider urban trees as a viable cost-effective conservation measure that can
really reduce peak-power demand, we must change the profit rules (as discussed above) so that
utilities earn directly from saving energy through improved efficiency and conservation.

\ /

2. All-source Bidding

PURPA, the Public Utility Regulatory Policies Act of 1978, requires that utilities permit
independent power producers to compete with the construction of utility power plants. An excit-
ing new idea being tried in New England is to call abo for competitive bidding from energy ser-
vice companies to retrofit existing buildings and improve the efficiency of new ones. The first
trial auctions have produced remarkable bids: around Ig/kWh and $300/kW for lighting retrofits
in Massachusetts (Hicks 1988).



Table 4. Cost effectiveness, energy savings, and carbon savings of urban trees/light surfaces, efficient electric appliances, and

efficient cars (Akbari 1988).

CCEl Payback CCC1 Implemented A UEC! AE AC Cost of
Measure (tf/kwh)  Time (yr) ((i/Ib C) Fractionl1 (%) by 2000 (Quad/yr) (M Tons/yr)  Program ($B)

Urban Trees/
Light Surfaces2 0.2-1.0 0.3-1.8 0.25-1.25 50 2-1% 0.55 18 0.5-25
Efficient Electric

Appliances3 2 3 2.5 100 17% 6 21 10

Effk ;nt Cars'l 50(i/gal 25 8.3 100% - 38% 28 60 50

Coal Power5 8 10 Base Case — — — — —
Nuclear Power5s 1 ? 4 10% of Coal — — 60 84

1. aj CCE is Cost of Conserved Energy, CCC is Cost of Conserved Carbon, and UEC is Unit Energy Consumption,
b) Cost of Program is the nation-wide cost for implementing the measure.

2. Urban Trees/Light Surfaces
a) We assumed 100 M trees cost $5-25 each (including water for 2 years) for a total cost of $B 0.5-2.5, a real interest rate of 7%, 3 seedlings

planted per air conditioned house, and a growth period of 10 years *oyield adequate shade.
b) In calculating CCC, we assumed that electricity is produced from coal-fired power plants at 1 kwh = 11,600 Btu = ~ 0.8 Ib of carbon.
¢) A UEC for air conditioning is direct -f indirect effects of urban trees/white surfaces for both residential and commercial sectors.

3. Appliances (Source: Geller 1987, based on the 1987 NAECA)
4.  Cars (Source: Ross 1987)
al -The CCE for improving the fleet efficiency of cars from 20 to 30 mpg is estimated to be 500/gal.

b) The CCC assumes 6 Ib of carbon in a gallon of gasoline.
c) Today, at 18.6 mpg, we use 0.63 Mbod of transportation gasoline. The 26 mpg standard will reducehis 6.03 to 4.75 Mbod. Further gain

from 26 to 38 mpg will reduce 4.75 to 3.42, saving 1.33 Mbod, corresponding to 2.8 Quads.
e) Program cost is based on 125 million cars and light trucks at an additional cost of $400 each.

Coal Power and Nuclear Power (Source: Delene 1988)
a) This is not the CCE, but is the cost of coal or nuclear power delivered to the customer. The U.S. median cost for a new coal plant is 4.7 +

0.7 C/kWh, and the U.S. median cost for a pressurized-water nuclear reactor is 7.7 0/kwh (this doesn’t include decommissioning costs or the
very uncertain physical, environmental, and economic risks). Add 3-4 0/kWh to both of the above costs for transmission and distribution.
b) The CCC assumes nuclear replaces a retiring coal plant yielding a difference of 3 C/kWh. At 0.8 Ib/kWh of carbon from coal, the nuclear

option translates to a CCC of 4 0/Ib C.
c) Assuming nuclear replaces 10% of coal-fired plants as they are retired, translates to about 30 baseload plants (30 GW). The current U.S.

median cost for nuclear plants is $2800/kW in 1988 dollars.
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8. Sliding-scale Fees and Rebates for New Buildings: ~ %1000/kW

Yet another way to build efficiency into new residential and commercial buildings is through
sliding-scale hook-up fees and rebates. This proposal would involve setting target energy con-
sumption and peak demand values for new buildings. Buildings that use more than the target
values would be charged a fee of about $1000/kW, and buildings that use less would receive a
rebate. The revenue from the fees would be used to pay for the rebates. The target would be
adjusted annually to keep the account revenue neutral. Some part of the fees collected could be
allocated to cover administration costs for the utility or state agency running the program, and
some portion could be shared with the utility as a reward for promoting conservation. Such a
symmetrical fee/rebate scheme may also be used co encourage efficiency in appliances and auto-
mobiles, or used in emissions control (as described below).

Sliding-scale fees and rebates for new buildings are now under consideration by the Mas-
sachusetts legislature (1988: House Bills 5308 and 5309), and is the subject of testimoiy before
the Wisconsin Public Service Commission (August 1988). For details, consult Koomey and Rosen-
feld (1988).

4- Automobiles: Gasoline Tax and MPG Fee/Rebate: ~ %200/mpg

In the last few years many national leaders and policy makers have proposed some combina-
tion of a gasoline tax or an oil import tax. However, the proposals were never acted upon
because the administration and many Americans are opposed to new taxes. They are scared of
losing jobs and believe that an additional gasoline tax would be inflationary. Meanwhile, with
lower gasoline prices and no government energy policy, automobile fuel efficiency has almost
become a dead issue. The administration recently rolled back the Corporate Average Fuel Econ-
omy (CAFE) standards from 27.5 mpg to 26 mpg and oil imports are once again increasing, thus
advancing the day when OPEC can again raise prices.

As discussed above, California has historically taken the lead in implementing progressive
energy efficiency programs that were later adopted by the federal government. The time is right
for California to once again take the lead and consider a serious and effective energy policy that
includes a gasoline tax and a mile-per-gallon fee/rebate program. The fee/rebate program will
reduce air pollution by motivating new car buyers to purchase more fuel-efficient cars. The gaso-
line tax will not only reduce air pollution but also congestion by motivati ig people to drive less

and by providing additional tax money for improving and adding to mass transportation systems
around the state.

Figure 3 compares the costs of conserved gasoline with the prices of gasoline in various
countries, and highlights the fact that almost all of our trading partners have a gasoline tax of
from $1 to $3 per gallon. These countries also have much higher average automobile fleet
efficiencies of about 25 mpg compared to 18 mpg for the United States. The current fleet
efficiency of NEW U.S. automobiles is 26 mpg compared to 30 mpg for new cars produced in
Europe and Japan. The U.S. could improve average fleet efficiency from 26 to 35 mpg at a cost
of about 50”7/gallon conserved by reducing vehicle weight, improving engine efficiency, reducing
aerodynamic drag and tire rolling resistance, and improving the efficiency of accessories. We
could further improve fuel economy to 45 mpg at a cost of 80~/gallon by enhancing the previ-
ously mentioned items and adding continuously variable transmissions (Ross 1987).

Since short-term gasoline price elasticities are small, and manufacturers need at least 5
years to switch over to more fuel-efficient cars, we suggest a $1.00 per gallon tax phased in at 10¢
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FIGURE 3. Costa of Purchased and Conserved Gasoline. The figure compares the pur-
chase price per gallon of gasoline in various countries with the discounted cost of conserving one
gallon of gasoline by improving the fuel efficiency of new automobiles. The two points on the
cost-of-conserved-energy curve represent an average cost of 50#/gallon saved between 26 to 35
mpg and 80#/gallon saved by improving to 45 mpg. At 40 mpg we could surpass Japanese
imports at a cost of only 80# per gallon saved and at the same time eliminate the need for all oil
flowing to the U.S. through the Alaskan pipeline and the Persian Gulf plus the estimated extract-
able oil from the Outer Continental Shelf of California and the Arctic National Wildlife Refuge.
Source: Ross 1987, Rosenfeld 1987, and U.S. EIA 1987.
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per year. Compared to our tradiug partners, this is a tiny amount The gasoline tax would raise
about $1 billion in the lirst year and increase each year thereafter by about the same amount.

We also suggest a revenue-neutral fee/rebate program that would require purchasers of new
cars to pay a fee of $200/mpg for every mpg below a target value, and rebate consumers
$200/mpg for every mpg above a target valuel The target value could be set at the current
CAFE standard of 2(i mpg, and afterwards the target would be annually adjusted to keep the
program revenue neutral. Some portion of the fees collected could be allocated to research and
development lor improving automobile fuel efficiency. Each state could set up an R&D program
with involvment from universities, manufacturers and smaller entrepeneurs that would allow for
new idea'! to be developed, tested, and transferred to production. Over time the mpg fee/rebate
program will effectively improve the average fuel economy of new automobiles. We advocate this
mpg program for the entire U.S., but it would also work just in California. Such a program
would not be inflationary because more efficient automobiles would be reduced in price as less
efficient automobiles arc increased in price. These two programs would provide incentives for
new car buyers to purchase more fucl-cfficient cars and provide the necessary state tax revenues
to purchase right-of-ways and build more extensive mass transportation systems in order to
relieve traffic congestion and reduce automobile pollution.

5. A Revenue-neutral COt Pollution Fee/Rebate Program: ~ £<t/lb. of F'ossil Carbon

Having proposed two fee/rebate programs to level the playing field for more efficient new
buildings and automobiles, we end by proposing a third revenue-neutral incentive to reduce the
production of C 0 2 and prevent global warming.

The political problem with a C0 2 tax is that states with utilities that burn coal see such a
tax as a huge plot to financially penalize them and place them at a disadvantage compared to
states with utilities that burn gas or oil. Thus understandable vested interests have held up acid
rain legislation for years and are expected to do the same for C0 2 Another problem with aC02
tax is that it would simply motivate utilities to petition their Public Utility Commission for rate
adjustments, and thus defeat the purpose of the tax.

Our solution is to call for national leadership requiring that all 50 states adopt a [EVENUE-
neutral c G 2 fee/rebate program, with no interstate income transfers. We believe that without
interstate income transfers our CO0 2 fee/rebate program will be more palatable to the vested
interests. The idea is to mitigate C 0 2 generated by utilities just as our mpg fee/rebate program
will mitigate C0 2 from cars. The fee/rebate program would motivate utilities within a given
state to shift from fossil fuels to improved energy efficiency, hydropower, and renewables.

The fee would be based on the number of pounds of fossil carbon burned. The rebate in the
first year would be equal to the fee, so that no utility would be penalized in the first year.
Rebates paid to individual utilities in succeeding years would be based on the fraction of the total
fee paid by the utility in the first year. If the population in a utility service area increases more
rapidly then neighboring utilities, the PUC in that state would have to adjust the fractional basis
for rebate payments.

1 $200/mpg is the discounted present value of a S2/gailon tax (as charged in France or Japan)
using the current average new automobile efficiency of 26 mpg, a 1% real discount rate, average
driving distance of 10,(XX) mile/year, and a 10-year automobile lifetime.
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How big should the fee be? lu order to influence the utility industry, it should be an appre-
ciable fraction of the cost of electricity and gas. We suggest that 25% of the current retail price
of electricity would be sufficient, or about 2d/|b of fossil carbon burned. This corresponds to
2cf/kWh for a coal-fired plant, about Itf/kWh for a plant burning oil or gas, and nothing for
hydropower, improved energy efficiency, or nuclear power.

The program effectively internalizes one environmental cost of burning fossil fuels, and. intro-

duces an incentive to minimize the use of such fuels by seeking cost-effective alternatives such as

conservation. In order to get the program accepted by stales heavily reliant upon coal, the
federal government could provide funds to retrain coal miners, and provide other financial incen-
tives for energy conservation or renewable energy demonstration programs.

There are of course details to discuss.

. How to handle interstate or international electricity transmission? We would apply the
fee/rebate to the end-using utility. This would encourage utilities to look for the most elec-
tricity for the least fossil carbon burned.

. Who participates—ratepayer or investor? We would suggest the investors are more sensi-
tive to profit opportunities than ratepayers to savings, so we would load most, of all of it on
the investors. Since nothing changes the first year, we're just giving them an opportunity
for profits.

. State or federal program? It could start with individual states but FERC support would be
a big accelerator.
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™ Energy-efficient Buildings

Energy conservation and economic development cango hand in hand.
Efficiently designed homes and offices will slash energy bills, liberate
investmentcapitaland avoid the expense ofbuilding new powerplants

by Arthur H. Rosenfeld and David Hafemeister

J immy Carter and Ronald Reagan
are not known for holding similar
opinions on questions of national
policy, but on the subject of the

energy crisis both presidents shared

the view that conservation was a

remedy that necessarily demands a

decline in living standard. President

Carter. In his politically disastrous

"malaise" speech, called on Ameri-

cans to make sacrifices in order to

end the nation's “Intolerable depen-
dence on opec 0il." Eighteen months
later, president-elect Reagan derid-
ed conservation as an approach that
meant being too cold in winter and
too hot Insummer. Both men. to put it
plainly, were wrong. Since the oil
shocks of the early 1970’s Americans
have enjoyed a 35 percent rise in the
gross national product without in-
creasing their energy consumption.

The main reason is that the services

energy can provide—comfort, mobil-

ity. a cold beer on a hot day—are gen-
erated much more efficiently today

than they were back in 1973.

Much of the decline in energy con-
sumption is due to the more efficient
use of energy in homes and offices. In
buildings, new technologies and bet-
ter management of lighting, heating
and ventilation systems have cut 545
billion from the nation's energy bills.
More tangibly, in spite of the addition
of 20 million households and 15 bil-
lion square feet of commercial and
residential floor space, heating-fuel
demand has dropped by 1.2 million
barrels of oil per day, an amount
equivalent to two-thirds of the output
of the Alaska pipeline. (The output
of the pipeline, 1.9 million barrels
per day, is henceforth referred to as
an "Alaska,") The 125 million house-
hold refrigerators and freezers in op-
eration today require the electrici-
ty from 30 standard 1.000-megawatt
power plants. If they were as inef-
ficient as the average 1975 model.

B This reprint is distributed by:

they would require 50 power plants.

The size of these savings is not sur-
prising. After all, the buildings sector,
rather than transportation, is the sin-
gle largest consumer of energy—10
percent—In the US. economy. For
electricity alone, the sector accounts
for an even larger share: 75 percent
of the nation's S150-bllllon electric
bill is consumed in buildings.

All told, the savings from improved
"end-use efficiency” in all sectors are
enormous. If Americans today were
to use as much energy per unit of
G.N.P. as they did In 1973, they would
need 35 percent more fuel than is ac-
tually being consumed. If one looks
at the savings In oil and gas (which
are interchangeable), this difference
is equivalent to 13 million barrels of
oil per day, or half of the entire pro-
duction capacity of opec. In mone-
tary terms, conservation is saving
this country S150 billion per year in
energy costs, a sum that approaches
the size of the Federal budget deficit
or the U.S. trade deficit.

With the recent plunge inoil prices,
however, energy conservation has
ceased to be a national concern. This
Is shortsighted in the extreme. First,
the cost of oil amounts to only 3 per-
cent ofthe cost of generating electric-
ity, the most expensive form of ener-
gy. Second, the oil glut will not last
forever. U.S. oil production has al-
ready crested in 1970 and world oil
extraction is expected to begin de-
clining early in the next century, led
by the stabler and friendlier oil ex-
porters: Canada will begin a steep de-
cline In about 15years and the U.K in
about 20 years. By then opec will be a
smaller, more cohesive group with
greater leverage than it has today.

Whether the shift comes in the next
10 years or 30 years, no one doubts
that the era of cheap oil will end.
When that time comes, this country's
economy and national security could

Center for

be endangered. Fortunately there are
many cost-effective steps the U.S. can
take now to prevent such a catastro-
phe. In this article we shall describe
technologies and policies for energy-
efficient buildings that could cut en-
ergy consumption further by at least
S50 billion per year. These changes
are urgent: 50 to 100 years from
now—as long as buildings from the
1980's still stand—this country will
have to pay the price of construction
decisions made today.

Profiting from Conservation

Energy conservation has already
made more energy available to the
U:S. economy than any other single
source. Yet there is room for even
larger gains. In 1985 this country
spent S440 billion on energy, which
amounts to 55,000 per household or
1 percent of the G.N.P. If all cost-ef-
fective conservation measures were
taken and the U.S. became as energy-
efficient as. say. Japan, this country
would consume halfas much energy
as itdoes today and save S220 billion
per year. The annual cost of achiev-
ing this goal would be only about S50
billion per year.

Moreover, by slowing the growth
in demand for new energy capaciry,
conservation could liberate 10 per-
cent of US. industrial investment
capital for other uses. Already the
rate of capital investment in new
power plants has fallen sharply ow-
ing to energy conservation. In 1982
utilities spent 550 billion. 14 percent
of the total U.S. investment in indus-
trial plant and equipment. In 1985 the
amount dropped to 530 billion. By
1991 it Is forecast to fall to $17 billion.
The electric industry predicts that in-
vestment will eventually rebound io
545 billion, but if the measures dis-
cussed in this article are adopted
by 1990. the need for new capac-
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SKYLIT SOLAR COURT provides -10 percent of the lighting and
20 percent of the heating in the new passenger terminal at the
Albany County Airport in Colonic, N.Y. A microcomputer, pro—
grammed with the solar altitude and azimuth angles until the
year 2000, continuously gauges the indoor and outdoor envi—
ronment and selects the most energy-efficient position for the

louvers- The dark masonry wall supporting the skylight stores
solar heat. The stone floor prosides additional thermal mass.
When daylight is available, photoelectric controls dim the arti—
ficial lighting supplied by efficient fluorescent and mercury-
vapor lights. Einhom Yaffce Prescott designed the terminal,
and the energy consultant was W. & Fleming & Associates. Inc.
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ENERGY CONSUMPTION was assumed to be lied to the gross national product (G.N.P.), !
as was in fact the case before the oil embargo. Since then, however, energy consump — good Investment might have a pay-
tion has leveled off at 73 quads (quadrillion Il.tu) per year even though the G.NJ Thas
risen by 35 percent. The difference between GJsl.P.-proJected consumption and actual
consumption is 25 quads. The savings for oil and gas lead lo a direct reduction in oil
imports of 13 million barrels per day- half of the entire production capacity ol opec.

Ity can be delayed and attenuated.

Many players in the energy mar-
ket, from oil companies to regulators,
now' recognize the importance of in-
vesting in end-use efficiency. This
has not always been the case. In
1975, for example. California's utili-
ties predicted an annual growth rate
for electrical demand of about 5 per-
cent. even though one of us (Rosen-
feld) warned that rising energy costs
would cause consumers to improve
their end-use efficiency so that the
growth rate would be much lower,
about 2 percent. By now the differ-
ence between these two projci  ns
is about 15,000 megawatts, the out-
put of 15large power plants.

As it turned out, demand grew at
only 2 percent, and the IS plants

WINTER DAY

COMPUTER-CONTROLLED LOUVERS at the _Albany Counry Air-

were never built—testimony to the
market forces that led people to use
energy more efficiently when the
price rose, and to the foresight of reg-
ulators who imposed standards on
appliances and buildings and also
prevented th" construction of the
new plants. Cnastened by cost over-
runs, lengthy delays, plummeting
bond ratings and competition from
"cogeneration" by major customers,
California utilities have indefinitely
scrapped plans to build any new cen-
tral power stations.

Today many utilities recognize it
is much cheaper to improve custom-
ers' energy efficiency, because the
saved energy can then be sold to new
customers. The Pacific Gas and Elec-
tric Co., for example, reports that

WINTER NICHT

"conservation will allow us lo avoid
S5 lo S7 billion in outlays lor new ca
pai ity dial would othorw ise lie need-
ed in the nest decade li cosis up to
seven nines as much lo produce a
kllowaii-hour from a new energv
sconce as It does to save a kilowall-
hour through [I'G&l. conservation
programs.”

Given that it pays to save energy,
how should consumers and societv
choose among conservation options?
The individual consumer normally
considers "simple payback time," or
the time that must elapse for the an-
nual saving from conserved ener-
gy to repay the initial investment. A

back time o' - year or less, and a poor
investment ' ght not pay back lor 10
years, Society, however, needs a dif-
ferent measure that allows an invest-
ment In efficiency (such as a better
refrigerator) to be viewed as a new
source of energy, which can men be
compared with an investment in new
supply. This measure is the "cost of
conserved energy" and is usually ex-
pressed in cents per conserved Kkilo-
watt-hour of electricity (or dollars per
conserved gallon of fuel).

Suppose, for example, an efficient
refrigerator conserves 1,000 Kilo-
watt-hours per year but costs S100
more than a less efficient model. To
distribute the S100 over the 20-year
"life of the refrigerator, one should fig-
ure a cost of S10 per year 'assuming
an infii tion-corrected cost of money
of 7 percent per year). The cost of
conserved energy for the refrigerator
is then S10divided by 1,000 kilowatt-
hours, or one cent per kilowatt-hour.
The average U.S. price of one kilo-

recirculated through the building. At night the louvers, which

pori regulate sunlight entering through the skylight (see IIIBI@— are filled with foam insulation, are shut to trap heat. Insummer

tinon preoedirgpage)-On a bright winter day sunlight heats ihe
back wall. Warmed air isdrawn intoa space behind the wall and
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the louvers reflect direct sunlight but admit diffuse light. Warm
air collects under the skylight and is vented by exhaust fans.



wan-hour is 7.5 cents, so tli.u the net
saving is G5 cents per kilowall hour

If Ihc 125 million ttingvraitirs in ihe
US. are replaced with new models
each ol which saves I.(Wn kilowali

hours per \ ear. there will be an annu-
al energy saving ol 125 billion kilo-
watt-hours. Al b.5 cents per kilowatt-
hour the net saving lor the nation is
about SHbillion. IIns kind n( analysis
enables us to study the real benefits
and costs of the specific conservation
measures we shall now discuss

Office buildings

Before the 1973 oil embargo the
supply of cheap energy encouraged
flagrant Inefficiency In office build-
ings. Acres of floor-to-celling single-
glazed windows leaked warmth in
the winter and admitted unwant-
ed solar heat In the summer To this
was added more heal from exces-
sive lighting by Inefficient lamps and
equipment. Inefficient building de-
sign meant that from 5 to 10 percent
of total floor space had to be devoted
to air-condltloning equipment.

In 1979 the average commercial
building was 20 years old and annu-
ally consumed 270.000 B.t.u. of pri-
mary energy per square foot (the to-
tal amount of fuel needed for heat
and electricity generation). At to-
day’s prices the energy bill for such a
building would be an extravagant
S1.60 per square foot. Some build
ings were even worse, racking up an-
nual energy bills of $3 per square
foot. Such profligacy meant that over
a building's 50-year life span the en-
ergy bill would be double or triple
the construction cost. The embargo
forced builders to recognize the ab-
surdity of the situation and to start
thinking In terms of a building's life-
cycle cost. Since the embargo, ener-
gy use in commercial buildings has
fallen by almost .5 Alaska, and it con-
tinues to fall, albeit less rapidly. With
further impro-ements in lighting,
automated controls and thermal stor-
age, 100,000 B.t.u. per square foot
should become standard.

Efficient building design has had a
particularly dramatic impact on heat-
ing needs. Because heat in large
buildings comes mainly from inter-
nal sources—heat from people, ap-
pliances, lighting fixtures and so
forth—it is possible to manage heat-
ing requirements by exploiting the
thermal mass of the building, for
example by storing excess daytin.e
heat and using it to warm the build-
ing during the night, The worst of the
early-1970's buildings required 170.-

000 Btu per square Innt lor heating
alone the average I'i 't buildings
consumed iu Willi vei
more energy ellu lent desiitns, lie.it
mg needs will L.dl to less ili.m 10.Ctit)
Il u ,or six i omx per squaie loot

Ihe decline lor electricity is not
as striking because new, improved
equipment lakes lime in develop and
Install for air conditioning, how-
ever. electric bills can be reduced
through simple systems ol thermal
storage, which make d possible (o
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move from )<>to >Opercent ol electri-
mal demand into oil peak hours In
I't/'i annual elcctricii\ consumption
was 27 kdowaii hours per square
tool m llu- worst olllie buildings and
IW kilowalt'hoors in tvpiial ones.
New energy elliclent offices get In
on between It)and I>kilowatt horns

Remarkably, it costs no more to
construct an eriergy-elliclent office
building than il does to construct an
mellicient one llie reason is that by
reducing the size ol air-conditioning

cz3
tZD
(S3
E23
fSD

Misc. Equipment
Vortical Transport
Lighting

Domestic Hot Water
Auxiliary

Cooling

Heating

vV
w

NEW TERMINAL
(ACTUAL)

is a powerful tool in the design of energy-efficient

buildings. The program®s analysis of annual energy requirements in the old and new
terminals at the Albany County Airport isshown here. The simulationwas based on the
local climate and the building 3 thermal mass, internal heat gains, solar gains and air-
conditioning and ventilation systems. The old terminal was a gas-guzzler. In 1975 ihe
American Societyof Heating. Refrigerating and Air-conditioning Engineers (asiiraz) Set
standards for materials, lighting, ventilation and so on, which called for the new termi—
nal to be markedly more efficient. Actually the final design performed even better than
the standard. DOE-2 was developed for lhe Department of Energv by the Lawrence
Berkeley Laboratory- It isnow the national reference tool for bullding-energy analysis.
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DAVLIGHTING can reduce lighting bills by up lo 15 percent Incommercial buildings.
Overhangs and light shelves shade the windows from direct summer sunlight and re—
flect daylight Into the work space Systems actuated by photocells and controlled by
microprocessors dim artificial lights in proportion to available daylight. The controls
combine natural and artificial light to provide even lighting throughout the building.

CONVENTIONAL BFACIENT
ALUORESCENT  ENERGY ALUORESCENT  ENERGY

FLUORESCENT lamp systems can be made at least 35 percent more efficient through
various new technologies. Inaconventional lamp acore ballast generates enough volt—
age to initiate the ionization of mercury vapor and then limits the current through Ihe
discharge. lonized mercury atoms emit some visible light and a larger amount of ultra—
violet photons, which diffuse through the vapor and strike phosphor molecules coat—
ing the inner wall of the tube, causing them toemit visible light. Energy losses can be re—
duced at each stage. Solid-state ballasts reduce heat loss in both the ballast and the fila—
ment. Enriching the vapor with the mercury-196 isotope or applying an axial magnetic
field will further boost the intensity of ultraviolet radiation reaching the phosphor.

systems and Retting rttl of single-
glazed windows and excess lighting,
one can pay lor insulation, small-
er double-glazed windows and auto-
mated thermostat and lighting con-
trols. rifty years from now, when
these Improvements have been fully
adopted for commercial buildings
(assuming the same total lloor-space
area as today), this country will have
liberated 85 power plants, costing
two to three billion dollars each, and
eliminated fuel needs equivalent to
two Alaskas—not bad lor an efficien-
cy investment of zero.

Superinsulated Houses

Since the oil embargo fuel con-
sumption in housing for the devel-
oped countries has fallen by about
30 percent. New "superinsulated”
houses have done much better than
this average, reducing fuel needs by
more than 75 percent. These houses
are built with heavily insulated walls
and ceilings, tight-fitting com, anents
and, often, ventilation systems that
recover heat from the exhaust air.
The walls and ceilings have extreme-
ly high insulation values, or Rvalues.
(The R value is a measure of resis-
tance (o heat flow; a standard four-
inch-thick insulated wall is R-1l and a
standard attic ceiling is R-19.) A su-
perinsulated house would have walls
and ceilings rated up to R-30 and R-
60 respectively. By investing from
S2.000 to S7.00C to superinsulate a
house it is possible to reduce annual
heating costs to between S20 and
S300. even in climates as cold as Min-
nesota and Saskatchewan.

The remarkably low heating bills
result because superinsulated hous-
es store the "free" heat from people,
lighting, appliances and passive so-
lar heating through windows. Even
ordinary houses tend to "float" about
five degrees Fahrenheit above the
outdoor temperature because of the
internal free heat. Therefore when
the thermostat ir a conventional
house is set at 70 degrees, the fur-
nace will not go on until the outdoor
temperature falls below 65 degrees,
the "balance point" of the house. The
five-degree difference is called the
free temperature rise of the building.

In a superinsulated house the frc*
temperature rise can be as much as
30 degrees, so that il the thermost.it
is set for 70 degrees, the furnace " nl
not go on until the outside tempet i
ture drops below 40 degrees: mcr-
over, below 40 degrees it takes kss
fuel to heal the house. In a iypn al
U.S. climate such as thai of New i .irk



City, It the thermal resistance of a
house isdoubled, annual energy Con-
sumption is cut by about two-thirds.

Lighting and Windows

Last year It took 500 billion kilo-
watt-hours—the output ol 100 stan-
dard plants, or 20 percent ol all elec-
tricity generated in this country—o
provide lighting in the U.S. Incandes-
cent lighting now accounts tor 40
of the plants, fluorescent lighting
for another 40 and high-intensity
discharge lamps for the remainder.
Technical advances in fluorescent
lamps and their fixtures would elimi-
nate 20 power plants, and compact
fluorescents would replace enough
Incandescent bulbs to eliminate a fur-
ther 20 plants, for a total saving of 40
plants. Moreover, because the new
lights would give off less heat, there
would be additional savings in air-
conditioning bills.

Solid-state ballasts, which operate
lamps at high frequency, can be ma-
jor energy savers. The ballast in a flu-
orescent lamp provides a voltage
high enough to initiate ionization of
mercury vapor in the tube and then
limits the current for stable opera-
tion. The new ballasts dissipate less
pow-er and also allow the brightness
of the lamp to be adjusted over a
wide range, making it economical to
install lighting-control systems that
reduce intensity when natural light is
available or when work spaces are
vacant. These advantages combine
to reduce energy needs by from 25 to
70 percent, at a cost of about two
cents per kilowatt-hour.

By 1995 solld-state-ballast lamps
should gain 50 percent of the market.
It is worth noting that the new bal-
lasts were developed as ajoint effort
by the Lawrence Berkeley Laborato-
ry's Lighting Research Program, un-
der the direction of Sam M. Berman,
and small entrepreneurial firms. It
was only after the initial success of
these developments that major com-
panies such as Norelco and the Gen-
eral Electric Co. introduced similar
products.

New, compact fluorescent bulbs
are also beginning to replace many
incandescent lamps. These Illuores-
cents require only Irom a third to a
fourth as much power as incandes-
cents of equivalent brightness and
last 10times longer. The !8-watt Phil-
lips SL-18. .'or example, costs S20 and
consumes S10 worth ol electricity
during its 7.590-hour lifetime. In con-
trast, a 75-wut.' bulb with ihe same lu-
minosity costs 50 cents but lasts lor

only 750 hours, during which time
it consumes S4 worth of electricity.
The life cycle cost of the SL IK then,
is S30 compared with S45 lor 10 in-
candescent bulbs. Moreover, the SL-
IHeliminates nine bulb changes and
the burning ol 400 pounds ol coal at
the power plant.

Windows offer further ways to save
energy;At present they leak about a
third of the heat out of U.S. homes,
corresponding to an astounding .5
Alaska. To reduce this waste itisnec-
essary to increase the Rvalue of win-
dows. A normal single-glazed win-
dow Is rated at about R-I, whereas a
standard insulated wall is R-11or bel-
ter. The R value of windows can be
raised from R-l to R-1 | by a series of
steps. Half of the heat lost through
single-glazed windows can be saved
by double glazing, thanks largely to
an insulating air space between the
two panes. Such windows are rated
at R-2. Double-glazed windows can
be improved to an R-3 rating by coat-
ing one of the inner surfaces with a
thin film of a transparent low-emis-

sivity material, such as tin oxide,
which reflects infrared heat radiation
back into the house.

Windows can be upgraded to It
by replacing the air between the two
panes ol glass with xenon or argon
gas. both ol which are better insu-
lators. One can obtain the same R
vaiue by inserting hall an inch ol a
high-tech insulator called aerogel be-
tween the panes. (The substance is
used by particle physicists as a radia-
tion detector.) Aerogel consists ol a
very sparse skeleton of tiny glass
particles that are transparent to visi-
ble light but scatter infrared radia-
tion. Il the air in the aerogel is then re-
placed with xenon gas or with a weak
vacuum, one can achieve a window
as resistive as a wall.

Home Appliances

Close to one-third of the energy
consumed in buildings goes to power
major home electrical appliances: re-
frigerators, freezers, water heaters
and air conditioners. They account

SUPERINSULATED walls and windows can reduce home healing needs bv more lhan
75 percent compared with homes built before 1973. Inordinary insulated walls, heat
seeps through wood studs between the inner wall and ihe outer wall. This Swedish-de-
signed wall overcomes the problem by using I-beam siuds consisting ofa sheet of insu—
lating masonite held between two pine flanges. lleavily insulated walls must be sealed
on the inside with a plasticmembrane to prevent indoor moisture trom condensing on
the cold insulation in the wall. Heat loss through double-glazed windows can be cut in
half by coating one ot tne inner surlaces with a low-emissivitv material such as tinox —
ide and filling the air space with argon or xenon gas. Even on their own. low-emissivitv
windows conserve energy ai a cost of S4 per million B.t.u. ol natural gas: the cost isex—
pected to fall to S3 per million B.t.u.When low-emissivitvwindows saturate the market
early in ihe next century, they will save energy equivalent to one-sixth ot an “Alaska."
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NIGHT TINE (CFFE)

DAYTIME

STORAGE TANK lor colil water, installed in a building®s air-conditioning svstcm. can
reduce peak power demand. At night the chiller cools the water in the tank. During the
day the chiller is turned olf and the precooled water circulates through the building.

for 12 percent of the nation's energy
budget, or 2.3 Alaskas, at a cost of
more than S50 billion per year. Re-
frigerators, which are in virtually ev-
ery home ana operate 21 hours a day
on electricity, presented an obvious
target for an efficiency study. In 1977
Arthur D. Little, Inc., analyzed im-
provements such as better insula-
tion. compressors and gaskets and
concluded that at an extra retail cost
of S100 it would b'1possible to have
more efficient refrigerators consum-
ing only one-third as much electric-
ity as the avenge 1977 model.

A decade later these predictions
are being realized in mandatory na-
tional standards, first set in Cali-
fornia, In 1977 an automatic-defrost
model with a capacity of from 16 to 18
cubic feet consumed 1,900 kilowatt-
hours per year. Under the California
standard the figure dropped to 1.500
in 1979 and to 1,000 in 1967; by 1993
ii should reach 700 kilowatt-hours
per year. These improvements add
less than S130 to retail cost, and the
payback time for the 1993-standard
model (compared with 1977 models!
is only one year. For the 125 million
refrigerators and 'reezers in the U.S.
the energy saving will be equivalent
to the output of 30 power plants. In
other words, an investment of S12.5
billion in improved efficiency will
as oid the need to spend S60 billion
on 30 new plants, eliminate their op-
erating costs and spare the environ-
ment of their pollutants.

Llliciency improvements in other
home appliances can uiso produce
large economic benefits. In 1975 Con-
gress directed the Lnergy Research
and Development Administration to
devise mandators standards to mini-

mize the life-cycle cost of 13 major
appliances, but the Reagan Adminis-
tration opposed the concept and de-
layed its implementation.

Impatient with the delay, several
states set their own standards. The
lack of uniformity troubled manu-
facturers, who in 1986 met with pub-
lic-mterest groups and developed
new standards, which Congress then
adopted as mandaiory. President
Reagan pocket-vetoed the bill, but it
was reintroduced and signed into law
last year. Its sponsors estimate that,
under the standards, appliances sold
by the year 2000 will decrease the na-
tion’s peak load by as much as 22
gigawatts and save S27 billion.

Exploiting Off-Peak Power

End-use efficiency is one way to
conserve energy and forestall the
construction of new plants. Another
approach is for utilities to develop
pricing strategies calculated to re-
duce the huge surges in demand that
occur at certain times. Peak demand
on summer afternoons is often from
two to three times as high as the de-
mand at night. Air conditioning ac-
counts for one-third of the 500-giga-
watt peak demand in the U.S.

Common sense and basic econom-
ics dictate (hat utilities should charge
the highest rates for elcctriciiv at
peak hours during the dav and dis-
count .. at night, following the prac-
tice of other industries such as tele-
communications and airlines. Tel
until recentlv time-ol-u.se electric me-
ters have been relatively expensive,
and so utilities have otlered time-
dependent rales m.imh to large cus-
tomers—builclini'v and lactones ihai

consume 500 kilowatts or more-
even though residences and small
commercial buildings actouni lor
Iwo-lhirds ol the peak-power load. In
the next Ill or 20 vears inexpensive
microprocessor-based meters will
enable utilities to applv iimo-ol-use
rates to these customers as well.
Time-ol-use pricing gives consum-
ers an incentive lo store onergv in
ofl-peak periods. In 1977. lor exam-
ple. Sianlord University recognized
that its davtimc cooling needs were
rising and that it needed lo plan for
three megawatts of new peak de-
mand. Adding that much new air-
conditioning capacity would have
cost about SI.5 million. Instead, lor
onlv SI million, the university built a
lour-million-gallon cold-water stor-
age tank connected to the existing
air-conditioning system. By cooling
lhe water during off-peak hours and
then drawing on the stored refrigera-
tion. Stanford trimmed 3.5 mega-
watts from its peak demand for an ad-
ditional saving of S200.000 per year.

Market Failures

Clearly there are many opportu-
nities for boosting the energy effi-
ciency of buildings. Vet improve-
ments are not proceeding as fast as
one would expect. The reasons can
be traced to a .lumber of market
failures. The most important one
stems from the different time hori-
zons the various principals consider
when making decisions. Investments
in energy supply are made by utili-
ties and other large companies that
raise billions of dollars for huge proj-
e:ts and expect to pay off their inves-
tors over a decade or two. In contrast,
most homeowners will not invest in
efficiency if the pavback time is 2.5
years, even though this represents a
hefty -10 percent (nontaxable) annual
return on investment. Large institu-
tions such as governments, universi-
ties and corporations seldom consid-
er paybacks longer than three vears,
thereby rejecting a 30 percent return
on their own or taxpayers' monev.

Utility pricing introduces anoth-
er distortion. Electric companies are
regulated and mav onlv- charge their
average cost (plus a 10-to- 15-perccnt
return on investment) for the power
thcv sell—about seven cents per kilo-
watt-hour. Yet the replacement cost
for that kilow nti-hour is considera-
bly higher—sav It! cents—depending
on lhe utility’s new sources ol sup-
plv.Consumers mjv therelore reiect
an efficiency improvement because
lhev do not perceive u lo be msi-ef-



fcclive al '<>da\’s prices even though
il would actualh be cost-effective if
they considered the higher prices the
utility will charge when it Is forced to
build a new plant.

Remedies

Fortunately specific policies can be
adopted to counteract these market
failures. One of the most promising
policies Is for utilities themselves to
sponsor conservation. Utilities can
offer incentives, such as low-Interest
loans, rebates and outright grants, as
a way of encouraging customers to
make their homes and businesses
more energy-efficient. In California
the utilities pay commercial c' stom-
ers S300 per kilowatt saved as an
Incentive to reduce peak demand.
In the Northwest utilities pay home
builders between S3,200 and S3.800
for meeting the new construction
standards of the region before 1990,
when they will become mandatory.
In Dallas last year a utility-sponsored
rebate program induced 40 percent
of the new large office buildings to in-
stall thermal-storage systems.

Some utilities have also changed to
a progressive rate structure. Before
the era of opec, the more one con-
sumed, the less one was charged per
kilowatt-hour. Utilities in California
and elsewhere now do the opposite.
Their rates are low for the first few
hundred kilowatt-hours per month
and go up as consumption increas-

1985

ENERGY SAVINGS from five of the sixexamples described ir. the
article save only a few billion dollars per year today, but 50 to
100 years from now, when 1ihe new technologies saturate the
marketplace, they will save more than S100 billion per year. The
savings shown are for commercial buildings (including most of
the savings from improved lighting), superinsulaled homes (in—

1995

es. in the highest tier, iustomcrs
must pay the cost ol power from a
new plant the utility would have to
build it consumption increased any
further. With such a rate structure,
conservation can compete with ener-
gy purchases fairly. The next step
could be to charge new buildings
"compulsory utility bonds,"” which
would reflect the cost of the new ca-
pacity that would be needed for the
building and would more accurately
convey the costs of electric demand
lo the builder and the buyer.

The Federal Government also in-
troduces distortions in the econom-
ics of energy, by supporting research
and development for energy supply
(particularly nuclear power) much
more generously than R&D for en-
ergy efficiency. The Governmem
should either drop the supply incen-
tives or level the playing field by
providing equivalent incentives for
conservation.

Already R&D in end-use efficiency
has contributed mightily to reducing
the nation’s energy needs. For exam-
ple, we estimate that Federal R&D
funds hastened the commercializa-
tion of high-frequency fluorescent
ballasts by five years. Those five
years will save the country more
than S25 billion. Yet the Federal pro-
gram cost less than S3 million, of
which half came from industry. That
represents a benefit-to-cost ratio of
8,000 to one. Moreover, the research
helped U.S. Industry to retain its mar-

2005
YEAR

201S

ket share vis-a-v is turope and )apjn,
both ol which had independently de-
veloped high-frequency ballasts. Yet
every year the Administration re-
quests a 50 percent cut in research in
energy efficiency. Given the decades
necessary for new technologies to
saturate the marketplace, it makes
more sense to maintain the levels of
research funding.

Finally, we argue lor reasonable
standards for appliances and build-
ings, an approach that has worked
well in California. These could be
aimed at keeping the worst applian-
ces offthe market and could be based
on, say, a five-year payback period.

The US. has the means to reduce
its energy costs by S220 billion per
year, above and beyond the S150 bil-
lion it is already saving as a result of
conservation. For the buildings sec-
tor the potential annual savings are
from 550 to S100 billion. In order to
achieve these goals It will be neces-
sary to remove the market barriers
we have described. This will require
the concerted efforts of utilities and
government. The penalty for not do-
ing so is severe: money will contin-
ue to be wasted, remaining reserves
of cheap energy will be squandered,
the U.S. will wane in competitiveness
with Europe and Japan, the country
will remain dependent on foreign
sources and the environment will
continue to be degraded. The nation
should take advantage of the oppor-
tunities at hand without delay.
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cluding windows), refrigeration, other appliances and resid- n-
tial lighting. Thermal storage is not included because Hisjm -s
peak power, not energy. The total-savings line shows all U.S. en —
ergy savings (See top illstration on page 80)- The calculations
are based on figures fixed at 1985 levels for the total number
of households and area of commercial floor space in tin- U.S.
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People who have worked in the field of energy conservation have a
lot to be proud of. In the last 14 years we have made dramatic im-
provements in the efficiency with which we use energy and have
made an impressive head start on weaning ourselves away from our
fossil fuel habit.

Conservation Has Temporarily
Overwhelmed OPEC

We have saved a truly staggering amount of energy through con-
servation-by which | mean efficiency improvements, not freezing in
the dark-since the first oil embargo. Figures la and 1b illustrate
these savings, which have accelerated since the second and more
serious oil price shock in 1979.

Before 1973, energy prices were low and there was little interest
in improving our efficiency. It was conventional wisdom that energy
use would grow at least as fast as GNP. In Figure 1a (for the U.S)),
the heavy solid line represents the actual consumption of total pri-
mary energy. The lighter solid line is simply GNP, scaled to go through
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Figure la and 1b. U.S. and OECD Energy Use:
Actual and Projected by GNP

Thie upper figure is lor (lie U.S. ontl ihe lower figure shows comparable dnlo lor the eniin
Ciganiration lor Economic Cooperation and Development (OECD) Projected energy ii
calculated on a GNP basis in constant dollars, with both forecast and "Lack-cast" value”
Irom 1973. Note that the GNP back-cast generally follows the actual consumption curvt
before OPEC Tho "primary energy"” on the left hand scales includes luel burned al the
power plant, in units ol "quads" (quadrillion (10IsBlu)l, Tho oil and gas savings were
converted lrom quads to fractions ol OPEC capacity using an estimated 1986 total OPEC
production capacity ol 29 Million barrels per day 108 quads). For the right-hand scales,
quads were converted lo 1980 dnlljrs using the 1984 U.S cost ol energy (about $r|<10bil—
lion for 73 quads). Savings lot lhe U .S. in 1985 went one-half ol OPEC total capacity. Thu
OECD includes all of North America. Western Europe, Jjpan and Australasia. \nd consumes

about twice as much total resource energy cs thu U.S. alone. Oil and gas savings for the
OECD in 1985 were five sixths of total OPEC capacity.

ey /

the 1973 energy tfse of 73 quadrillion Btus (73 "quads"), Backcasi
to 1965, we see that GNP and energy use tracked nicely, correspond-
ing to frozen efficiency, but forecast to '85 we see GNP rising 33%,
while actual use has leveled off at 73 quads. Thus we have achieved
an astounding 33% increase in efficiency and a remarkable annual
saving rf $150 Billion, but are still loft with a $440 Billion annual
energy bill.

In the figure the broken lines represent oil plus natural gas, which
are partially interchangeable in our economy since many boilers
switch from one fuel to tho other, depending on the price. Despite
the 33% growth in our GNP, our oil and gas use has declined even
faster than our (also declining) domestic production of fossil fuels (in-
dicated by the dotted line). Compared to 1973, we are now annually
saving 'A of OPEC's current capacity of 29 million barrels of oil/day.

If the U.S. and OECD had not reduced the need for this oil and
gas, it could have come only from imports, since our domestic pro-
duction is steadily declining. Thus our imports, instead of today's
6Mbod at $20/barrel, costing annually $44B, would have been
about 20Mbod, and at a price probably exceeding $30/bbl, for a
staggering cost of more than $200B/year, applied to our trade deficit.
(Realistically, of course, this could not have happened—we don't
have that much foreign credit. Instead we would have avoided the
bill with a drastic decrease in our standard of living.]

Figure 1b tells the same story for the OECD, which includes all of
North America, Western Europe and Japan. The OECD annual energy
bill is $900 B, but (compared to 1973 efficiency) we are saving
$250 Blyear. Our oil and gas savings are 5/6 of current OPEC capac-
ity. Because of the North Sea, OECD production of oil and gas is
still rising, but nowhere near enough to supply the amount that we
have saved. So, again, OECD imports would be nearly 5/6 of OPEC
capacity higher.

What would we be paying today for oil and gas if OPEC were at
100% capacity, and in addition there were still a major shortage of
oil? Figure 2, taken from DOE/EIA's International Energy Outlook,
hints at the answer-OPEC was able to raise prices in all those years
that 80% or more of its capacity was in use. This suggests substantial
price increases every year above the $30/barrel which we paid in 1980,
disastrous increases of $100, $200 or even $300 Billion in our trade
and budget deficits, and aglobal security problem, compared to which
the present problems in the Persian Gulf pale into insignificance.




OPEC Pricing Bohovior, 1976-1986

Porcentage of Capacity Utilization

Figure 2. OPEC Pricing Behavior, 1975-1986

Tim 1986 observation, which wes not used to derive tho cunve, reflects Saudi Arabials
dedision to switch Irom pioviding (trice suppon to Increasing merket iaro. Fgure adapted
from International Energy Outlool;, 1986 Energy Information Administration, US

Department of Energy, pege 10.

Conservation has bought usvaluable time and we had best continue
to support this winning strategy. But how long can we maintain the
"glut," i.e., keep OPEC down to 60% of its capacity?

A vigorous government/utility conservation program can continue
the flat demand of Figure 1 almost indefinitely, despite a reasonable
growth in GNP. But oil production is going to drop, faster and faster
for the U.S., and will peak in about 10 years for the North Sea and
for the Soviets. Even OPEC, running at full capacity, is good for
only about another 40 years.

Figure 1 covers only 20 years, so the decline in production does
not appear very steep. Lest the reader be deceived, Figure 3 shows
U.S. oil production, which goes out past 2020, when our children
will still be paying energy bills but living without much domestic oil.
The figure comes from Beyond OH, by the Complex Systems Research
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Figure 3. Comparison of Hubbert Oil-Depletion Curve
to Actual Production, Excluding Alaska

Salid line isactual US. oil production; dotted line is Huhbert's 1958 acurve; fash-datied line
is Hubbert's curve updated by authors of Beyond Oil besed on 1981 data. Source. Beyond
CH by the Conplex Systens Research Center, University of New Harmpshire, Ballinger Pub-
lishing, 1986. DCE estimates for 1990 169 Mbod) and for 1995 (6.2 Mbod) and Gl Indus-

Survey for 2000 (median = 4.5 Mbod) arc from Energy Security (DCE S57. 1987) ad
"U.S. Qil Production,” I! c. Office of Technology Assessirent (Report E-349. 1987)

Center of the University of New Hampshire. It shows our inexorable
decline in oil production. To emphasize this, its authors point out
that in the 1950s we discovered 50 barrels of oil for every barrel
invested in drilling and pumping. But by 2000 or 2010 this ratio will
have dropped to 1:1, at which time domestic exploration will become
uneconomic.

What is more, the two smooth curves reflect reserves at a time
when oil was very inexpensive. We spent SA Trillion exploring for oll
in the 1980s. The bullets to the right of the curves show that this has
bought us a mere eight-year delay in the day of reckoning.
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Note that buildings generally last for 50 years, so a sub optimal
building constructed today will stili be guzzling expensive energy
long after American oil and gas have run dry. And today's buildings
arr- very sub-optimal, as can be seen by noting American ideas about
acceptable payback times. Builders (including ihe U.S. government)
will not tie up their money in efficiency investments if the payback
time ic more than 2-3 years; yet, on the supply side, the typical in-
vestor will accept a payback time of 10-15 years from a power plant
or an oil-and-gas venture. So the playing field is badly tilted in favor
of supply. Thus a conservation measure such as thermal storage,
which avoids running air conditioners at peak power times, has a pay-
back time of only 2-3 years, yet is largely ignored (and completely
ignored in new federal buildings). If we persist in ignoring thermal
storage until the turn of the century, we'll have to build the equiva-
lent of 100 otherwise unnecessary standard 1000-MW power plants
at acost that will probably exceed $1.5 Billion each.

Figure 4 (taken from Electrical florid) shows the effect on elec-
tric utility construction expenditures of the conservation success of
Figure ?. During the power plant overbuilding spree around 1980, we
invested $50 B/year i12% of our annual capital investment in plants
and equipment).

Now we have LO baseload plants (about 1000 MW each) in excess
of current need, and utility construction is predicted by Electrical
florid first to fall to $17 Bl/year (leaving another 10% more of our
capital formation for other productive investment) and then to rise
to $40 Blyear as electrical demand continues to grow at 2%l/year.
Conservation R&D today, leading to more efficient use of electricity
in 1995, can greatly delay and mitigate the need for this looming
$40 B annual investment.

Figure 1 showed that conservation is now saving the U.S. $150 B/-
year, and we have cut our energy bill to "only" 11% of our GNP.
But the Japanese spend only 5% of their GNP on energy.

"Least-cost" calculations show that optimal investment would
halve our energy use by the turn of the century (see Figure 5). This
suggests the following analogy: if we were stuck at 1973 efficiency,
we would be pouring $590 B worth of energy into a pipeline each
year and getting out only $220 B in energy services. The rest-$370 B
-would have leaked out.

But we've already plugged more than a third of the leaks, and we
now waste only $220 B/year, so we pour in "only" $440 B worth.

Energy Conservation. Competition and National Security il

Year

Figure 4. Electrical Industry Annual Investment in
Plant and Equipment, in 1986$

The equivalent investment by all of industry is about $1B per day, so that the electric
fraction hes dropped fro") about 15% ($50B) too minimum that will be about S6($17B).
The utility investments do not Include cogeneration, which is runnino at about $2B/year,
Source  Hlectrical World, McGraw-Hill. Inc., September 19B6. Fgures for total industry
investment are from 1986 Statistical Abstract of the United States, 106th Edition, Table
901, p. 529, using G\P implicit price dellators to convert to 1986 dallars.

Of course, we didn't achieve these savings at zero cost; we did it by
investing.

To be fair, we are investing around $15-$30 B/year in retrofits-a
modest amount yielding something like a one-year payback. We can
save the remaining $220 B that is wasted-and cut in half what we
currently spend on energy—three-to-five times more cheaply than
continuing to pay for wasted energy. So our first priority should be
to finish plugging the leaks before we invest more in new supply.

The longer we let the leaks continue, the quicker we will exhaust
cheap, secure sources of oil and gas. Seeking n6w supplies— "draining
America first"—while we continue to waste energy and backslide on
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Annual U.S,
Energy Cos}

(Billions)
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Figure 5. Annual U.S. Energy Cost

Uy 1981 lliu cni'tjy use per dollar ¢l GNP (in conslani dallars) hes dropped lo 74%at Ihc
1970 led. |l efficendes hed stayed frozen at 1970 vaues our $440->illion annual cost
today would instead be 5440 U/0.74 =$000B. Onriyht scale. "Fraction ol National GNP."
are lines representing 1984 fractions for Eurgpean countries and Japan. These lines show
whai the 1904 U.S economy would pay for energy at various foreign efficiencies.

auto efficiency just hastens the depletion of our reserves; heightened
efficiency saves the energy until it is really needed.

And how much has it cost to plug the leaks? So far, because we
have been skimming the cruam, conservation has typically been five
times cheaper than purchasing energy. So to save $150 B/year, we

have probably invested $30 B/year, leaving a net savings of $120 B/-
year.
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In terms of incentive programs sponsored by governments or
utilities, we can do even better than 5:1. PG&E, the giant Northern
California utility, boasts that in 19B5 it spent $0.25 B on conserva-
tion programs but avoided committing $1.75 B to new supply, a
benefit/cost ratio of 7:1, To save the next $200 B/year, some of the
creain will be gone, but least cost analysts estimate that conservation
will still be three times cheaper than supply.

We are Losing the Efficiency Race with Japan

In 1985, the U.S. used 11.2% of its GNP for energy; Japan used
5%. Figure 6 clarifies this point and puts the efficiency, as measured
by eneigy use per GDP,1 of other countries in perspective. The de-
tails of the figure are explained in the caption, but the summary is
that we spend about 6% more of our GNP on energy than do the
economical Japanese.

Japan is beating us in absoiute energy efficiency (they use half as
much energy per capita as Americans) and in the rate of improve-
ment. In the period plotted in Figure 6, Japan has improved its
energy use per dollar of GDP by 31%, while we have improved by
only 23%.

At the same time, Japan's per-capita income has come up from
behind and is now passing that in the U.S. Neveitheless, we can be
proud that we have the second best record of nine countries pic-
tured, thanks to appliance and automobile labels, automobile stan-
dards (and imported cars), building standards, federal and utility
conservation programs, a vigorous R&D program, and cf course the
market.

How has Japan become as productive asthe U.S. on less than half
the energy? The answer lies in Japan's unflagging commitment to
energy efficiency. For example, between 1973 and 1985 energy use
per pound of steel produced had declined by 15%, electricity used to
operate new refrigerators had dropped by 73%, and electricity used
to run room air conditioners had dropped 42%.

Japanese new cars are already at 29 mpg and under the influence
of their gasoline prices of nearly $3/gallon will probably continue to
climb, whereas the U.S. CAFE standards are now stuck at 26 mpg.
The security-enhancing aspects of increased auto efficiency will be
discussed in more detail later in this article.

*7n liie U.S.. GDP isonly apercent or two less than GNP.
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Of course to achieve this efficiency the Japanese had to make
investments, whose repayment eats into about 20% of the savings.
So instead of having 6% more of their GNP available than we do,
they really have gained only about 5%. This differential of 5% of
GNP means that, even if all else were equal, our products cost on
average about 5% more than comparable Japanese products, thus
impairing our balance of payments, the dollar/yen ratio, and our
lifestyle.

Some readers may find this assertion obvious and can skip this
paragraph, but those who are surprised at a 5% cost penalty should
consider this argument. The total energy cost of any product is the
sum of the direct energy cost (significant for iron and steel, insignifi-
cant for most high-tech products) p/us the indirect cost embedded in
wages. (For the same life-style, a U.S. worker who commutes in a gas
guzzler and lives in a unorly insulated dwelling needs higher wages
than his Japanese competitor.)

Effectively, U.S. manufacturers pay a total 5% energy tax. But
unlike other taxes, which arguably provide government services, this
5% just goes up in smoke and pollution.

The defense version of this tax is already much discussed. Thus, if
the Japanese had a GNP equivrlent to ours, they would avoid a tax
of $300 B (7.5%) for defense, giving them a 7.5% competitive edge.
Now we have added a $200 B (5%) energy efficiency differential tax,
for a total handicap of 12.5%-and as energy prices rise, this gap will
widen.

Let us examine in more detail what will happen in 10 or 20 years
if OPEC regains control and energy prices double. Without a con-
tinuing, vigorous conservation program, our energy bill could zoom
from 10% to 20% of GNP. We predict the: the Japanese will continue
to invest in efficiency even during tne glut, get down to 2% of GNP
at today's cheap prices, and later climb back to only 4%. And they
will be experienced at manufacturing and exporting energy-efficient
products, which seem likely to be in demand. The competitive out-
look begins to look bleak.
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Public R&D for Energy

Conservation R&D Compared with
Other Economic Sectors

Table 1 disaggregates our $440 D annual energy bill according to
the buildings, industry and transport sectors, and Table 2 compares
our total expenditure in several economic sectors with our publicly-
supported research and development effort in them. Despite the
prominence of our national energy bill (the largest single sector), we
invest barely one-half of one percent of that amount in research
aimed at meeting our energy needs.

If we consider R&D effort on construction and conservation
(which can meet our needs at one-third to one-fifth the cost of new
supply), we invest less than one-tenth of one percent. By comparison,
for Defense, Health and Agriculture R&D we spend anywhere from
1% to 12% of total expenses, or 10 to 100 times more than for con-
servation. But if we look at what really works, it is conservation that
has (literally) fueled our post-OPEC economic growth.

Figure 7 shows the U.S. Department of Energy (DOE) budget
during the post-OPEC decade. It grows from its foundation in 1976
to a peak of $15 Billion a year, then comes down sharply under the
Reagan administration. Only five to six percent of this has gone to
improving energy efficiency.

This misplacement of priorities isn't a sickness for which DOE is
solely susceptible; it's a general trend in our society. If one looks at
the Electric Power Research Institute's (EPRI) budget, for example,
one sees that it has 6% demand-side and 94% supply-side research.

We're very much asociety that pays attention to big water projects
rather than to water conservation, to large power plants than to
many small and efficient lamps, to a rail line than to aflexible fleet
of buses in urban areas, to a freeway than to well-timed street lights,
to a hospital than to preventive health care.

In 1980, DOE was spending $100 million on Buildings and Com-
munity Systems research, or $1.20 per home in the United States.
The potential savings are around $2000 a home, aside from commer-
cial buildings where a large savings potential also sits untapped. The
Reagan administration thought that DOE was spending too much
and requested zero budgets by 1983. Congress helped a bit, and so
things haven't been zeroed out yet. We're now at 50 cents per home

Energy Conservation. Competition and National Security 1/

Table 1. U.S. Energy Expenses, 1985*

Fuel Electricity Total

Sector ($1011) ($1011) ($10B)
Buildings 00 110 170
Residential *to Q0 100
Commercial 20 50 70
Industry 70 40 110
Buildings 3 7 10
Transport 100 0 160
TOTAL 200 150 440
Percent of GNP 11.2%

‘ Excluding Federal subsidies and rounded to the nearest $10 hillion. Source Srare Energy
Price and Bxpenditure Report 1985, October 1987.

Table 2. Comparison of Energy Expenses and R&D
With Other Economic Sectors

Total Publicly-Supported
Expenses R&D -f Tech Transfer
(Billions  (Billions Percentage

1084$)  or 1085%) or 1084$

Energy S-M0B
Total Supply R&D 2.50 C.5%
Conservation R&D 0.18 <0.1%

Health 400
N.I.H. 6.20 1.6%
Construction 340 0.01 <0.01%
Defense 300 37 12%
Education 200 <0.1 <0.1%
Federal Deficit 200 — -
Trade Deficit 200 — -
Agriculture 140 — -
1.70 1.2%

Experiment & Extension
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Table 3. Lead-Times and Net Savings for Successful DOE-Sponsored Buildings Energy R&D Projects
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Szes & Diversity of the Buildings Sector
® New construction totaled $340 billion in 1985 (9% of GNP)

m The cost of energy consumed in the buildings sector totaled $165
billion in 1985

® The construction industry is:
-Over 28,000 homebuilders
-Over 150,000 special trade contracting establishments

®m The construction material and component manufacturing industries
are also fragmented:
-Over 600 manufacturers of non electric heating equipment
-Over 100 manufacturers of mineral wool insulation

m Each new building requires inputs from more than 50 industrial
sectors

Figure 8. Size and Diversity of the Buildings Sector

'I['%)Eh'gh degree ol fragmentation 8?% the dilf(;usior;r%f conservation practices. Source.
Assistant s Review ice Buildi Communi ens, Lawence
Berkeley mbdmm 198G e y Syt

Thus, at LBL we started to develop the heat mirror film in 1976,
but as shown in Figure 9 it will not reach 50% market penetration
until around 2000 (12 years from now), and the majority of existing
windows will not be replaced until 2020 (32 years from now). So to
save scarce-energy for our children, we need to support R&D today.

The savings from these three completed projects are astounding:
nearly $17 Bl/year when they finally saturate the market (even at
today's prices). This equals the yearly output of about 25 baseload
power plants, and an oil and gas saving equivalent to half the yearly
output of the Alaska pipeline.

In addition to saving energy, conservation has also saved some U.S.
industries and created others. The $0.7 Bl/year U.S. ballast market
would have been invaded by the Japanese and the Europeans had it
not been for U.S. development of the solid-state ballasts. In Califor-
nia, we have two new industries based on the “heat mirror" films:

Energy Conservation. Competition and National Security 21

Year

Figure 9. Industry Estimate of Low-E Windows Market Share
Based on Annual Sales

Wlli a projected 20% market share in 1987. sdes will be over 100 million sguere feel.
Savings from cumulative installed window area will be approximately 1G0 million in 1987.
At saturation ol existing residential stock, savings will be $4-5 hillion per year a current
(ud prices. These savings will be equivalent to one-quarter ol tho output ol the Alaska

Pipire.

Southwall Technologies sells low-E coated plastic to window manu-
facturers, and Airco Solar Products sells multi-million dollar plants

for sputtering the thin films on glass.
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I conclude from the date in Table 3 that DOE developed tech-
nologies have paid off very well and that they will become comrner
cial in America several years sooner than if we had waited for cither
domestic or (more likely) overseas industry to develop them. In the
case of the examples above, several years' acceleration of the savings
of $17 Bl/year (the sum of Row O ol Table 3) represents a savings to
U.S. ratepayers of $G2 B.

With good R&D, we can advance by five to ten years the times
when new demand-side options become available and in the process
help prevent penetration of foreign products. With low oil prices,
development of energy-efficient cars and products has slowed, but
if we don't keep R&D alive we won't have solutions when we need
them. Let us look more closely at one technology-lighting-and why
innovation and diffusion has taken so long.

Lighting: Why It Takes 30 Years to
Saturate (he Market

Early on in our energy-efficient buildings research efforts, it was
clear that we should target lighting. We knew that by exciting fluores-
cent lamps at a ve./ high frequency, 30,000 Hertz or so, we could
gain about 15% efficiency. Regular fluorescent lamps cycle at only
60 Hertz. Also, before the oil crisis, ballasts were made ol;: of copper
wire laminates which ran very warm and thereby dissipated 13 watts
of waste heat. So for every 100-watt fixture, a total of 28 watts
could potentially be saved with these two improvements.

Along came solid state electronics which made possible the solid-
state ballast, or more accurately the solid-state oscillator. Because
they dissipated only a few watts of waste heat, the net efficiency
gain was 20%. To this we added a photocell that looked down on
the workspace and adjusted the intensity to make up the difference
between the available daylight and the preferred lighting level.

Since lighting in the U.S. required 30 power plants, the savings
potential was phenomenal. We went to GE and were disappointed
with their reluctance to adopt such innovations."They much pre-
ferred to wait for small companies to take the risks; when the tech-
nology and marketing were proven, the big boys would move in and
buy the small guys out. Sylvania, Westinghouse and Advance Trans-
former (Phillips) told us the same story.

So, we went to ERDA, DOE's predecessor, and convinced them
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to support small R&D efforts with small companies. With CO inter
ested firms, we selected two and within six months had our first
prototype. This was 1976. Then we went to our local utility, PG&E,
and convinced them to let us showcase the ballasts and daylighting
controls throughout three stories of their skyscraper in San Francisco.

By the time the installation was debugged, we were saving 40% on
lighting costs. Then we waited for two years and nothing happened.
To our dismay, the underwriting labs-whose committees were chaired
by representatives of the four big lighting companies-stiill hadn't
granted any approvals for the new technologies.

Then, Beatrice Foods decided to become the fifth big actor arid
bought the solid-state ballast patent rights from one of the small
companies (lota Engineering). That finally got the industry's atten-
tion; Universal Manufacturing, a major ballast manufacturer, bought
Luminoptics (the other small company), and a third small company,
Triad-Ultrad started production.

Today, sales are over a 1.5 million units/year, and we expect by
1995 that these new ballasts will have 50% of the annual -1,2 B
market of 90,000,000 ballasts/year.2

The other lighting success story is tho compact fluorescent, screw-
in lamps like the Phillips SL-18. The SL-18 replaces a standard 75-
watt incandescent and provides the same lighting service for only
18 watts. What's more, it lasts 7500 hours, outliving the incandes-
cent by 10to 1

What are the economics? Say we save 33%, or 33 watts for each
100-watt fixture. The cost of conserved energy is 2.5 cents per kilo-
watt-hour, and the payback is less than a year. During its ten-year
life, it will save five barrels of oil and costs a lot less. The combination
of the new ballasts and compact fluorescents will save about $10
Billion a year when saturated into buildings in the United States.

What have we learned? For one thing, this business takes a long
time. A ballast lasts about 10 years, so before they actually saturate
all the buildings—the last of the old electricity guzzlers won't burn

Wb estimate toddy's electronic ballast market al 15 million units, selling (or $25-$30
retail, versus a "core" ballast market ot 60-70 M units, selling (or $10 retail. By 1995. elec-
tronic ballasts are expected to grow to 30 M units and the price to drop to $20 (in today's
dollars), while core ballasts will have grown to 60 M units, and continue to retail at about
$IO/uni! Thus, at these prices and saturations, tho electronic ballasts will have groan by
1990 Irom 760l a$0.6 I) market to 50%0l a$1.2 I) market.
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out until about 2005-it will be 30 years. Federal acceleration of
R&D can reduce lhe time it takes for new energy-efficient technol
ogies to appear on the market.

Competitiveness Needs Major Attention

Despite the successes of DOE R&D programs, the outlook for the
U.S. energy efficiency industries is clouded by our general inatten-
tion to new product development. DOE's conservation R&D program
is lar too small, and we tiave nothing in the U.S. comparable to
Japan's MITI (Ministry of International Trade and Industry) or to the
EEC's DRITE (Basic Research Industrial Technology for Europe.)

For many reasons, including its perception of the market, U.S.
industry is lagging in producing energy-efficient products, cars,
manufactured homes, air-conditioners, etc. (Aircraft are a notable
exception.) As mentioned earlier, at LBL we had disappointing ex-
periences in trying to interest large U.S. manufacturers in high-fre-
quency ballasts or heat mirror films for windows.

The pattern is quite different in Japan, where R&D budgets are
comparable to ours, but MITI can step in to manage and support
commercialization of new, beautifully engineered, efficient, export-
able products. Sometimes the original R&D was Japanese, but often
it was American, acquired by licenses or technology agreements. It is
well known that despite U.S. R&D on electronics, Japan has taken
the front seat in the world market on VCRs and compact discs.

A similar pattern exists in another high-technology product line:
efficient electric motors and controls. U.S. industrial, commercial
and residential consumers pay about $80 B/year for power used to
run electric motors. Recent advances in magnetic materials and
power electronics are greatly improving the efficiency of these motors
and motor-driven systems, reducing costs to consumers.

For example, permanent-magnet motors can have 20% lower losses
than the best induction motors, run cooler, are smaller and lighter,
and can be more precisely controlled. Current applications include
machine tools, robotics, computer peripherals, and home appliances.

A 1986 studylll points out that:

U.S. competitiveness in this rapidly growing market (or new motor tech-
nologies is of concern. As pointed out by the National Materials Advisory
Board, 'The fundamental work leading to the REPMs [Rare-Earth Perma-
nent Magnets) was done largely in the United States... but after govern-
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ment support ceased, materials R&D in the U.S. magnets industry deteri
orated. Practically all recent PM materials huvu been developed to com-
mercial inatunty in Japan.'

Uius the NMAIJ concludes that ‘despite the critical importance of
magnetic materials, the U.S. is rapidly losing its competitive position.’
And this in a market that is expected to reach $2 Billion annually next

year.

The fast growing market in power electronics (electronic devices
which control power-consuming equipment) is also facing intense
foreign competition. For example, electronic adjustable speed drives
(ASDs), which control the speed of electric motors subjected to vary-
ing loads and reduce electricity use by 20% to 30%, use basic compo-
nents that were first developed by American companies.

Nonetheless, foreign penetration of the U.S. market for ASDs has
grown from 15% in 1980 to over 40% in 1985. Foreign companies
have riot only taken over the lead in production of ASDs, they have
taken over the lead in innovation and product development.

Ralph Ferraro of EPRI estimates that the U.S. manufacturers'
share of the domestic power electronics market will erode from its
present level of 50% to about 25% within five years. Accordl-; to
the Federation of Materials Societies, "if the current trend continues,
it can be anticipated that the U.S. will be a minor force in the world
market for electronic materials and systems by the 1990s."

A final example of competitive problems is in the area of housing
technology, an industry that is traditionally seen in the U.S. as frag-
mented and slow to accept technical innovation. Contrast our situ-
ation with that of Sweden, where the government supports an
ambitious R&D program in all aspects of basic and applied building
technology.12l

Total funding is similar to that in the U.S., even though the
Swedish market is only about one-twentieth the size of ours. Swedish
researchers have produced a host of technical innovations that are
already used in "superinsulated" homes around the world. Applica-
tions of R&D results to an industrialized building sector have made
high-quality, energy-efficient homes the norm in Sweden rather than
the exception. Several firms are now exporting their factory-built
housing to the U.S. and are beginning to compete successfully in
up scale markets.
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Action Items for the
Department of Energy

The U.S. can save about $200 B of annual energy bills, delay the
resurgence of OI'EC, help our environment and, over 10 years, erase
Japan's 5% efficiency advantage by investing $50-$100 B annually
in improving our energy efficiency.1

This can be achieved by redirecting U.S. energy policy (R&D,
taxes, and the regulations and profit rules for utilities) towards pro-
viding all energy services desired by the customer at low cost rather
than providing all desired raw energy but at high cost.

1. We must redirect DOE's mission from energy supply to energy
services. This mission, of course, still includes supply, but
DOE must recognize that currently it is far cheaper to improve
efficiency. Today DOE pursues mainly long-range, high-risk
R&D hoping that industry will take responsibility for improv-
ing its short term efficiency. This has worked fairly well; we
have improved our efficiency faster than Western Europe but
not nearly as fast as Japan. So DOE must expand its R&D tar-
get to improve efficiency and reduce energy costs in buildings,
industry, transoortation, and utilities, and to produce competi-
tive, exportable products. All this must, of course, be done in
tight collaboration with industry, as has been so successfully
carried out by Japan's MITI.

2. In terms of energy efficiency, public buildings and facilities
lag the private sector. For example, | know of no large, new
Federal buildings with thermal storage, even though "coolth"
storage is the current conservation success. We should design
our new buildings and retrofit our stock into cost-effective
efficiency showplaces. Innovative manufacturers and energy
service companies could benefit from the purchasing power of
the government; the private sector could learn from these
projects, and meanwhile the savings would accrue to the public.

3. U.S. utilities are moving towards "integrated resource plan-
ning" which means that they are beginning to treat end-use
efficiency as a resource and as an investment that con. >etes

Jin order to be saving $200UYiNIr within 10 years. with n 4 year payback, vw« must invest
roughly t(II]—VIOyeaS SHOAvear.
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with new supply. Accordingly, DOE has started a modest
(f 1-2 M/year) program in support of least-cost utility planning
to provide the necessary infrastructure of uniform information,
data and evaluation. The present funding level is inadequate to
service the utilities' information needs. This very efficient pro-
gram should be expanded.

4. Just as DOE is supporting least-cost studies by utilities, it
should itself carry out a national least-cost study for all sec-
tors of our economy: buildings, industry and transport, This
was last done during 1980 and is published as A New Pros-
perity—The SERI Solar/Conservation Study.13 This thick
book has hundreds of tables and supply curves of conserved
energy and power so that one can look up the cost and cost-
eflectiveness of investments in buildings, appliances, cars,
motors, and some industrial processes. The SERI study showed
that we could cut energy growth roughly to zero (which has
since happened) and that we were building roughly 50 power
plants too many (also correct), but the study remained largely
unheeded until the plants were completed. Since 1980, the
technology and cost picture has improved markedly, and thus
these SERI data are obsolescent. We should use least-cost
djses, which are being modernized under least-cost fund-
ing wild repeat the SERI study.

Policy Suggestions
(Delivered at Chicago
Energy Conference)

I conclude with some policy suggestions which are outside the
purview of Mr. Sharp's Subcommittee on Energy and Power. As the
Director of LBL's Center for Building Science, | first make some
suggestions-mainly to utilities and their regulators—about how to
get more efficient buildings. Moreover, since the buildings sector
pays for 70<t out of every dollar of electricity sold, the suggestions
are mainly aimed at electric utilities.

Efficient Use of Electricity

» Regulated rate of return for utility demand-side investment.
The fastest way to improve the efficiency of buildings is to have utili-
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ties offer financial incentives to retrofit existing ones and incorporate
energy-efficient design features in new ones. But in many states
utilities earn areturn only on their supply side investments; "demand-
side" investments beyond the customer's meter are simply expensed.
We should change the rules so that utilities make at least as much
profit from demand-side investments as from their traditional invest-
ments. Even better, we should follow the lead of Washington State,
which now gives a 2% premium on the rate of return on conserva-
tion investment. Massachusetts and Connecticut now have such
legislation pending.

« Acid rain, it is not yet widely realized that the cheapest way to
avoid acid rain is to buy efficient home appliances and equipment
which reduce the need for electricity and its associated SOX emis-
sions. But unlike scrubbers, which cost money and reduce power
plant efficiency, efficient appliances save money. Of course, efficient
appliances will typically only save 25% of our electric use, and our
goal is to cut SOX emissions by about 50%, so we'll have to buy
some scrubbers too, but we can finance them out of the conserva-
tion savings, This topic is nicely discussed by Howard Geller.’4L

» Competitive bidding between conventional new energy supply,
cogeneration and consetv*tion. PURPA, the Public Utility Regula-
tory Policies Act of 1978, requires that utilities permit independent
power producers to compete with the construction of utility power
plants, but an exciting new idea being tried in New England is to call
also for competitive bidding from energy service companies to retro-
fit existing buildings and improve the efficiency of new ones. The
first trial auctions have produced remarkable hiub. around 1<j/kWh
and $300/kW for lighting retrofits in Massachusetts.

e Compulsory Utility Bonds. Yet another way to build efficiency
into new buildings is via compulsory utility bonds that must be pur-
chased by builders at a price in proportion of the burden that the
new building places on the electricity system. Eventual repayment of
the bonds substitutes for a new tariff.

Let's take as a specific example: Pepco's next plant, which will
cost $400/kwW and go on line in 1994. Assume that a speculative
builder plans an office building which will demand 6W/square foot
(square meters). At $400/kW, this will require the builder to invest
$2.40/square foot in the utility capital fund (bond). Faced with this
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roughly 3% increase in his first cost, he may redesign and reduce the
peak demand to3W/square foot, resulting in a $1.20/sq ft bond price.
The redesign will cost considerably less than this.

A few years after the building is completed, the new plant comes
on line, is rate-based, and starts to pay off its indebtedness, typically
over 20 years. The builder (or the next owner to whom the ouilder
has sold the note at its face value) now receives equal monthly pay-
ments for 30 years or perhaps monthly deductions from their elec-
tricity bill.

When the entire life cycle is complete in 2013, the builder (or new
owner) has been fairly returned his capital. But society has had the
benefit of a more-efficient building, whose life cycle costs have been
redu , A by about 30%.
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