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Nord-Amerika
Latin Amerika
OECD Europa
Non-OECD Europa
Mellandstern
Afrika
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(Japan
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Figure 1.3 Cumulative equilibrium surface lemperature warming due 10 increase
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nisms as revealed by general circulation models {cf. sub-section 4.4.3 and Chapier
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Cost of electricity services

(1987 cents/kWh)

-~

Electricity services (cumulalive TWh)
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ELECTRICITY SUPPLY SCENARIOS g

1) ECONOMIC DISPATCH

50% coal, 50% natural gas i§ ,.A_' - :_‘

400098 asn-pud Kyappapy

2) NATURAL GAS/BIOI\LIASS (< 50 TWh)

UBb1

HIA

3) ENVIRONMENTAL DISPATCH

< 90 TWh biomass + some é
natural gas -

—.—a—

8301Ad0E
Arinxg

SYSTEM BOUNDARY: | N

All 1987 electricity uses + S
heat for district heating °$ 5;;; 5

and from industrial co-
generation




ELECTRICITY DEMAND SCENARIOS

o = S So
' BN T T — General assumption: +1.9%/yr in GDP
[ SR +2.6%/yr industrial cutput
| 5w ug
' 3 &<
! =
g,. : g\\\\ §§;§ 1) REFERENCE Business-as-usual
S { ; i electricity price + 50%
o=
8 ) :

r

ZELMMMMINNY

ZALMMMMIMNY

2) EFFICIENCY Cost effective as
compared to new supply

with 6% real interest;
3) HIGH-EFFICIENCY no taxes

Y,

us
1988

Av

provements, and it is approximasely iransforable 1o other refrigeraton

550 KWh /year

th ao freezer compartment. Th: intecsity lndex on the scale 10 the right
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Used
1973

4) ADVANCED TECHNOLOGY

Av

Jun-inak / UM W ALISNILNG

T
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] o =1 § o
u -3 (3]

100 =

All end-use technologies are assumed to be
introduced at the rate of capital turn-over
and expansion

'30 Amroge
Sold
1986 ;
Figure 1./Electricity consumption at European standard lest condition for vasious versions ofs
as well a5 10 units with a small freezer comparurent and 1o comarcreia) uniis in shops, eic. :

200 litre refrigerator wi
illustraies the relative im



A THOUGHT - EXPERIMENT,

ETOT ’Z (ACHUIT)‘) *[S‘P&'CJF/C EM&O
ASSOME -

(ketvity)= WEST EUROPE /770
E& 320 %r of stee/ pev cap
(srecrte = LNRLY FFEICIENT

EVKEY)  enD-vse 7ecHwocasy
(Comm, o werr comm)

E.&  ELRBD/MASMASMELY © 10 GT owae

83
m=
36
L

OW0Z 0202 0002 O06) 0G68L OMSL 0261 006 0881 0961 OVS)

> L W o e

T T —————a



T TTPmSieegaeus e LeiHuS S (W @ WEVEIVLINGY UUTHTY IN @ MaIT Cumate (o use currantly hast
availabie or advanced energy utilization technoiogies.

™

Activity Technolagy, Pertarmance
Residantiai
Caaking T0% afficiamm gas stove®
Har Water heat pumn WH, COP = 2.5*
Refrigeration Electroiux Refrigeratar Freezer, 475 «Wh/year*
Table 4. Final anergy use SCeNario for a developing COUMTY (i 3 warme Cliste, with amenities (excent for Ligirts Campact Fucrescent Sulbs®
comparabie to thoss in the WE/ JANZ® region in the T970e, but with currently best avaiiaie v 7S Waat unit
space hasting) 4 Clothas Washer 0.2 kWhicycle?
or advanced snergy utilization technologies. Commercial Partarmance ot Hisnésand Buiiding
(ail uses, ax. space ing)*
Average Rate of Energy Use (Watte pes Capita) T o
, Elsctricity Fusld Tokad Autamabiles Cummins;NASA Lawis Car a1 1.0 14100 km*
Activity Intercity Bus 34 energy intensity in 7S’
Residential Passenger Train ) V4 energy im.ns;ty in 759
Coaking 34 Urban Mass Transit 3/4 anergy intensity in ‘75"
Hot Water 29 Air Travet 1/2 US energy intensity in ‘80"
Rafrigeration 14 Truck Freight ‘ Q.87 MJ/ton (t)-kmy
Lights 4 Rail Freight Electric rait at 0.18 MJ/t-km* -
Y a Watar Freight 80% of QECD energy intenaity’
Clothes Washer 2 Manufactyring
Subtotal 51 kT as Raw Stesi Av. Plasmasmait & Eirad Processes®
uoto - 22 - 22 Cament . Swadish ave in 1983
Commerci Primary Aluminum Alcoa process” -
Transoortation 107 Pager and Paperboard Av ot 1977 Swedish designs®
Automaobiles & Nitragenous Fertiizer Ammonia derived from methane”
intercity Sus §2 Agricuture ) Y4 of WE'JANZ anergy intensity?
Passenger TrTam . g 5 Mining, Canstruction Y4 of WE!JANZ energy intensity?
Urtxan Mass Trans:
Air Traval. g,:, Notes
Truck Fraight 5 * Compared to an assumed 50% eificiency for axisting gas stoves. 70% efficient staves having
Rail Freight « 50 l[ow VO, emiasions, have been developed by Thermaelectron Corparation for the Gas Research
Water Freignt (incl. bunkers) erstitute in the United States (38). .
Subtotat 12 276 288 * The assumed heat Aump performance is comparabie ta that of tiis mest efficient heat pump
ractur . ;am heatsrs available in the US in 1982 (37).
Manutacturing o0 text.
Raw Stes| 28 ™  Typica) value for US washing machines.
Cament & 54 ¢ The Hamésand Building was the most energy-efficient commercial beikding in Sweden in 1981,
Primary Aluminum 11 gi at the time it was built. It used 0.13 GJ of slectricity per square meter of fioor area for ail
Paper and Paperpoard 1 36 purpcses other than space heating (18).
Nitrogenous Fertilizer - ' A 25-percent reduction in snergy intensity is assumed relative to the 1975 avarage of 0.80 MJ/p-
Gthe 65 212 km for intercity buses. awing to the introduction of adiabatic dlesets with turbe-compounding.
. 121 429 550 9 A 28-percent reduction in energy intansity is assumed relative to the 1975 average of 0.60 (0.20)
Subtotal 4 s a5 MJ/passenger (p)-km for diesel (electric) passsnger trains, owing ta the intraduction of adiaba-
Agriculture ) = P 55 tic dlesels with turbo-compounding {electric mator cantrol technology).
Mining, Construction : " A 25-percent reductian in energy intensity is assumed reiative to the 1875 average of 1.13{0.41)
TOTALS 210 alg 1048 MJ/p-km for ciesel busas (slectric mass transit), owing to tha introduction of adiabatic dissels
with turbo-compounding (electric. motar controi technology). -
Notes ) L | sol-‘p".rcom reduction in energy im-nsitiy is assurned rlniativu to the 1?: US average value of
a 7 ’ . Japan, Australia, New Zsaland, and South Africa. For is p-km for air passsngsr travel, owing to various improvements (38). . .
;?agﬁéﬁff.ﬁamg.‘: ?:?‘::Euéc a':d m5 anergy imensities given in Table 3. ! The aseumed onergy intensity ia 1,3 less than the simpie todsy in Sweden for single unit
® This s the residual. ' .. . ?mqtzmggn&mnwwmmmnwwmmxmmumacooum
e j : level of GOP, final evergy demand in manufacturing PIOTOVeTRGNnts via use of adisbetic dissels with turbo-compounding.
%mmmmmmﬁiw(?amuwmm been used (17). The p WWWIMMMﬂmmmmwhﬂdoﬂmmnsMan
value assumad hers is 45% less. since the average pev capite GOF was 45% less for W. Europe , :'m“mﬂ'mm . . ne adiabati
than for Sweden in 1975. Also, 22% of final manufacturing energy use is assumed to be ﬂ-p:'.:umm muﬂdin;.m I3 assuimed, reffecting inncvations such as the adiabatic
stectricity, the Swedish vaiue for 1975, - ‘."""‘9: "'-.n"‘m im“wm“m“&”mmmm”m_ the average for
SMn ] .

. A-Mgmmminmuumnmummwmimm)muwof

slectricity—the requirements for the Alcos procEss row being deveicped (39),

° mmmmimmur.smmmmummmmwmn,mwfw

197T Swadish designs (17),

* Assuming an energy imensity of 44 GJ of fuel per ton ¢f nitragen in ammonia, the value with

steam reforming of natural gas in a new fertilizer piant (4Q).

* Assuming a 25-percent reduction in energy intansity, owing !o innovations such as the use of

advancea diesel engines,

kLS

e 4
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Five 5Teps of BoTTOM-UP AnALYSIS

b Determine the Energy seRvice level
for a. target year

2 Collect dafta on Ener suppl
and end-use fechnagféygie f’}’

3 Establish “surz,ol_y curves
for energy suvpply and end-use
efff'c:‘ency improve meun s, and

pessible combfnations there-of
ko reach the service level,

y, Analyze the market, :hsfz'fuﬁ'onaj
legislative, qnd requlator

cgnd.ih'ans that “affec the

laoss[,ble vse ef Ji//erenf a/ofzbni

&, SYnHLe(::‘ e a 5##&2{&5} to

reach the goals,



Encrgy Efficiency and Supply Options in Botiom-Up Analysis

Cost of Energy Saved

Maximum
vsupply potential

a5} A3zoug renuuy

0
Cost of Energy Supplied

Time

Figure 1. The relationship between bottom-up energy scenarios and marginal costs.

SWEDISH GOALS

ECONOMIC GROWTH
"FULL" EMPLOYMENT
x *

NUCLEAR PHASE-QUT 2010
NO HYDRO-POWER EXPANSION
NO INCREASE OF COz EMISSIONS
REDUCED OIL IMPORTS
REDUCED SOy + NOyx EMISSIONS

ENERGY EFFICIENCY

RENEWABLE ENERGY



Talle 2. Acuvnylwdsforawmmmamrmﬂumiﬁu(m

fmemmwﬂmﬂminmwmminﬂnT

Activity Activitly Laved
Rasidential® 4 parsons; HH
Cooking Typical cooking (evel wWLPG
Hot Water 50 liters of hot water/capita
Refrigeration COne 315 liter rafrigarator- i HH
Lignts New Jarsey (US) lavel ot lightin
™ t color TV/HH, 4 hoursiday
Clothes Washer 1/HH, 1 cycle/day
Commaercial 5.4 m? of floor space/capita (WE/JANZ av, '75)
Transportation :
Automobiles 0.19 autos/capita, 15.000 km/ayto/year (WE/JANZ av, '75)
Intarcity Sus 1850 passenger {p)-km/capita (WE/JANZ av, '75}

Passenger Train
Urban Mass Transit
Air Travel

Truck Fraight

Rail Fresght

Water Freight

Manutacturing
Raw Stes!
Cament
Primary Aluminum
Paper and Paperboard
Nitrogenous Fertilizer
Agriculture
Mining, Construction

3175 p-km/capita (WE/JANZ av, '75)'
520 p-km/capita (WE/JANZ av, [75)9

345 p-kmycapita (WE/JANZ av, [T5)

1495 ton (f)-km/capita (WE/JANZ av, '75)
814 t-wmi caoita (WE/JANZ av,’
1/2 QECD Eurcpe av. ‘78"

9.7 hgy/ capita (OBPCD Europe av, '90)
108 kg capita (OECD Eurcpe aw, '79)
28 g N/capita (OECD Europs av, T¥30}
WE/JANZ av, ‘75
WE/JANZ av, 'T5

Notes
[

from Aeference 20,

For water heatesd from 20 ta 50°C.
See text.

e — & a

Hera WE/JANZ stands for Western Eurcoe. Jaoan, Australia, New and. and South Atrica. The
WE./JANZ 1975 average values for activity leveis and snergy intensities given in this table are

Activity levels for residences are estimates, owing to poor data for the WE/JANZ region.
Equivailent in tarms of heat delivered to the cocking vesssls to using one 13 kg canister of LPG/
menth for a tamily of 5. corresponding to per-capita fuel consumption rata of 49 Warts.

In 1975 the diesel/siectric mix was in the ratic 70/30.
In 1975 the diesal/alectric mix was in the ratio §3/4Q,
The ton-km per-capita of water freight in 1978 in QECD Europe is asgumed to be reduged by half
pacause of reduced oil use (58% of Western Europsan import tonnage and 29% of that of
exports wers cit in 1977) and emphasis on seif reliance.
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The Cost of Driving (in United States Cents Per Kilometer and Mile} VEI'SIF\S Aytomotive

Conts 222 Kilometer

rigure 19,
Zue] Economy.
L > =
—_ ™ ] % 2 o .
=z§ % 2 2 gdg :'g S%"g ?.3
2 == -y - = ¥ .32
3353 e} 73 Eid 1B $3533z322
F253 £8 82 008 ursa L u>:—-2‘:<é
Miles Per Gallon (United States)
10 30 50 n %0
1 ] t ' 1 ! ' ' 20
Gasoline Price
4z US.
20}
. 30
L
U.£. (1981} 5
1/2x U5, ]
AR50 A A TR e e S 20
1 Base Vel -"e Purchase Frice ($7,000) Incremental Price
7 for Improvements
Vehicle Zees and Tanes 3
_ Inmrance 10
Garaging, Parking, and Tolls
Repairs, Pasts, and Maintenance
v | ] T ¥ | T i ] L]
20 10 7.3 ] 3 4 5 3 1.7

Litery Per 100 Kilometers

The figure shows that the r~juced 0. ting costs associated with fus) economy imaroverwsls are

roughly offset by the increased capital costs of tizse improvements, over a wid- snge of fuel economies.

The in-ii. .ted enesgy performance is hased o computer simulations of an auto.2>bile having various’
fuel economy improvements added in the sequence showr. at the top of the graph. The b ~ecasecarisa
1981 Volkswagen Rabbit (gasoline version).

Source: F. vonHippe! and B.G. Levi, “Autometive Fuel Tfficiency:

tives, Resources and Conservation, 1983, vol. 10: 103-124.

The Opportunity and Wéakness of Zxisting Market Incen-

Cenls Per Mils

Figure 4. The Toyota AXV, a Prototype Four-

to Five-Passenger, Super Fuel-Efficient Car

Toyota

i
i

Introduced in late 1985, the AXV has a fuel economy of 2.4 lhk (98 mpg) on the combined yr-
red by the U.S. Environmental Protection Agency. For comparison, the
and the average car in the rest of the world about

ban/highway test administe

average U.5. automobile gets about 13,4 lhk (19 mpg},

technologies: low weight (650 kg 1,430 Ibl) from extensi
Bies: k eight | 1. ensive use of plastics and aluminum, | rod i
drag, a direct-injection diese| engine (the kind used in trucks), and a continuously varial;:t::ns::i::ir::

AXV

Sourcet Toyota press release, October 23, 1988,

T

iy

e

v
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Average sTock, US
SWEDEN

Mew ConsTRuCTION, US (1980)
Swepen (1975 STANDARD)

Mean MEASURED
US -~ 97 MinmeSoTA HOUSES
Swepen - 39 Swane moUSES

CALCULATED, PREFABRICATED HOMES
us
Swepen (B)

() MorRTHERN ENErcy HoMe, N.Y. CiTy Amea
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Figwr 5.3. Utveckling av lampors effektiviter

Lm/w

100

0

[ffantiviea
LUNENS, AT (L u)

1000

[ trerzen 1sus isec L)

|7 Maxtmm for vitr tjus

(220 L/%)
) I
100 /-""ml satriee
Y ror
Magtrvers.
kuighyilver
Yol raanzligogm
_ Wtp — - pope gy
OODEY-Mogwitt .o*"
’ - ¥, am
Of worz Sasty11a valfry, 0TS 4
'
—“.zi" Nernst
—._I"t:'
- r-
ﬁr:}ﬁd
1 H i 1 1
WO e T g 19N ar

1900

M0



i
s SR T RO R R -
o T L
o e
SR s 0. A;:_ﬁ_;;
| gl Lt | A _ IR A I
L._l,_ m__xmoz_i_mz&.zh____c%mji_w““:‘_u‘;.
o celNNe:
RN 0o CETRNEs il
RERNE S N N N
.“__W__ m;mr T frma_“__gum__um_¢_mmm
_,_mm,_ __” ,%.///mmm,i._ _,_, _“___““_,
L BE ] o I e
g o S
BRENE 3 _.“u___ _m..,&u, _“, Colg ﬁ_,,_
RN __,m,tm///./%/////////mmmw:_ AERRRRERRREEY
EEREEN _,h_ﬂ Sy .,““_h_mﬁ__:m
Lo 2y b R N
NN L& Gowil | T E
e ////%/////%//////:
_JLQ . ; e
____M o S I A A
il B o H_m.:.m_i;._f__
fﬁﬁ;,,//,u//////////,//////////////////////////mmmm: RERERRERRRES
:L,:m:_:ahw&\cic_i_mzupz_ : * ,: __;mm_:__m_i
TR BB E B e oy
ERNEL NS L ._;.___ EERRRERERRRE
REEEEUERRANEES R ERE RN R R
Freezer Energy Efficiency
Past Trends in Sweden
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Figure 2. Historical progress of ener gy efficiency of fr eezers in Sweden. Source: see note 7.
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WEIGHTTO-POWER RATIO (KLOGRAMS PER HORSEHGWER) -
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1810 1850 1900 1950 1960
- 14 ent a decrease of nearly 70-fold be-
tween 1810 and 1980; the decrease refiects many improvements in design and materials. I

a change that
made possible lighter equipment and higher internal pressures. By 1900 the :_'ltio bhad de-

about 25 kilograms per horsepower as electric locomotives were introduced an-nd 1958,
War L) Similar (albeit less dramatic) improvements have been made in many industrial

lend-to morseficientussof ma- .
terinls are two of the factors responsible for the leveling off of demand for basic materials,
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HARVESTED AREA RECEIVING FERTILIZER (PERCENT)
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. APPLICATION RATE TO AREA RECEIVING FERTILIZER (KLOGRAMS PER HECTARE)
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SATURATION OF MARKETS is amoug the factors that have contributed to a leveling off

of demand for basic materinit. The data in the ilustration show why the market for nitrege- -

nous fertilizer (which accounts for about 80 perceut of all ammenin produced in the US)
is largely saturated. The black corve indicates the proportion of US. farmiand ew which
corn is being grown that recsives mitrogenous fertilizers. The colored curve indicates the
amount of fertilizer npplied to each hectars of such lznd, (A hectare is about twe and 2 haif

acres.) Two factors suggest that demand for fertilizer will not grew much more in the years °

to come. Almost all corn land already receives fertilizer. Moreover, the benefits guined
from applying more fertilizer diminish rapidly above the level renched in the past few years.
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ENERGY SERVICE

food; t ‘ansportation; hot water...

T

END-USE EQUIPMENT
lamps, stoves, autos...
T

i ENERGY FOR END-USE

electricity; gasoline...
N

|

CONVERSION EQUIPMENT
_ refineries; power plants...
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PRIMARY ENERGY

coal; oll; gas...
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ENERGY AND WELL-BEING IN THE LONG TERM

CONVENTIONAL WIDSOM:
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o ENERGY USE UP 2X - 4X BY 2020, 2030

Y L e m - m————— o e i et e —— e S

o SHIFT UNDERWAY IN INDUSTRIALIZED
COUNTRIES TO LESS—ENERGY-INTENSIVE
ACTIVITIES

o OPPORTUNITIES IN BOTH INDUSTRIAL
AND DEVELOPING COUNTRIES TO MAKE
MORE EFFICIENT USE OF ENERGY

o CAN éVDLVE ENERGY FUTURE CONSISTENT
WITH SOLUTIONS OF OTHER MAJOR
GLORAL PROBLEMS
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Giobal Energy

Demand in 1980

Developing

Industrialized
Countries

Population: UN Projection

2.

3.

Countries

FE/P: 4.9 kW (1980) to 2.5 kW {2020)

Swedish and US country studies

show 503 reduction in per capilta
final energy use feasible, for

50 to 100% increase in per capita GDP

Technological opportunities and
structural changes involved are
widely applicable

Extrapolate to all industrialized countries

Population: UN Projection

Global Fnergy

B s pr—————— - —— ——

Demand in 2070

FE/P: 0.9 kW (1980) to 1.0 kW (2020)

Energy requirements for hypothetical
future developing country with 1970s
W. Furopean activity levels could be
1 kW per capita, with "best/advanced”
end-use technology

Any level of amenitles up to that for
W. Europe in 19703 could be provided
with about present level of energy use,
if the degree of energy efficiency
improvemnnt were to increase with the
level of amenities.
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