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Introduction

At the turn of the millennium, two billion people, athird of the world' s population, have no access to
modern energy services. World population is expected to double by the end of the 21% century.
Economic development needs to continue, particularly in the South. This requires vast amounts of

energy and vast amounts of money. During the 1990's, globa energy capitd expenditures have been
over 200 billion USD per year. Interestingly enough, globd annud government subsidies for

conventiond energy have condtituted asmilar amount (UNDP, 1997). Oneof thekey issuestoimprove
the slandard of living of the poor isto make clean energy availableto them at pricesthey can cope with.
How can the energy requirements of the next century, not to mention the next millennium, be met?

The scarcity of energy resources forecasted in the 1970s did not occur. With technological and

economic development, estimates of the ultimately avail able energy resource base continueto increase.
It gppears that economic development over the next century will not be constrained by geologica

resources. Environmenta concerns, financing, and technologica congtrains appear more likely sources
of future limits

An attempt will be made in this paper to summarise the main findings of international commissonsin
recent years on how to meet the energy requirements of the next century. The main sources of
information have been two books. Firdtly, the report of the World Energy Council’s Commission
“Energy for Tomorrows World - the Redlities, the Red Options and the Agenda for Achievement”
published in 1993 (WEC, 1993), which followed the UN World Commission’ s Report on Environment
and Development, “Our Common Future’ (Brundtland, 1987). The second main source of information
is a book entitled “Globa Energy Perspectives’ (Nakicenovic et al., 1998) presented at the World
Energy Congressin 1998 and commissioned by the World Energy Council (WEC) and the I nterretiondl
Ingtitute for Applied Systems Andyses (IIASA). The book presents the results of afive year detailed
study following in the footsteps of the “ Energy for Tomorrows World” (WEC, 1993). Most of the data
and figuresin the present paper are obtained from the book of Nakicenovic et a. (1998).

Theam of the WEC Commissonsreport (WEC, 1993) wasto ... identify aredigtic framework for the
solution of regiona and globa energy problems, whereby adequate, sustainable energy at acceptable
costs can be supplied to meet the needs of al people whilst achieving socidly acceptable care and
protection of the environment. It is to identify the redlities, the red options and the agenda for
achievement”.

Present Energy Situation

Since the dawn of humanity, man has used energy to make his life eeser and more comfortable.
Unfortunately, athird of the world’ spopulation aredill a theleve of usng thefireonly for cooking and
for light. The mgority, however, make use of different forms of energy to increase productivity, reduce
the use of muscular power, for the ease of trangport, and for the general well being of the people.

1 United Nations University Geothermal Training Programme, Orkustofnun, National Energy Authority,
Grensasvegur 9, 108 Reykjavik, Iceland



Energy affectsdl aspects of modern life. Thereisa strong positive correlation between energy use per
capitain a country andissuesthat we vaue highly such as productivity per capitain the country (Figure
1) and life expectancy (Figure 2). Smilarly, there is an inverse corrdation between energy use and
issues such asinfant mortality andilliteracy. Itisof interest to notein Figure 2 that in the least devel oped
countries ardativdy smdl increment in energy use adds very sgnificantly to the qudity of lifein the
countries.
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Figure 1: Electricity consumption and GNP per capita of selected countriesin 1978
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Figure 2: Life-time expectancy and energy use (from WEC, 1993)

Fromregiond andysesof energy use (WEC, 1993) it wasfound, not unexpectedly, that thefird priority
for the mgority of the world’ s population is access to sufficient affordable energy. Some 70% of the



world’ spopulation livesat per capitaenergy consumption level one-quarter of that of Western Europe,
and one gixth of that of the United States (WEC, 1993). Table 1 (compiled from Chapter 7 of
Nakicenovic et d., 1998) shows key datafrom 1990 for the 11 regions of the world as regards % of
world population, % of the GrossWorld Product (GWP), % of globd primary energy use, % of global
energy-related net carbon emissions and the gpproximate Gross Domestic Product (GDP) per capita.

Table 1. Key energy datafrom 1990 for the 11 regions of theworld asregards % of world population,
% of the Gross World Product (GWP), % of globa primary energy use, % of globd energy-related net
carbon emissions and the gpproximate Gross Domestic Product (GDP) per capita (compiled from
Chapter 7 of Nakicenovic et a., 1998)

% World % GWP % Global primary % Global energy GDP per capita
Population energy use related net carbon USD (1990)
emission

NAM 5 29 24 25 ~23,000
LAM 8.3 52 6.8 4.7 2,500
AFR 9 1 3 2.3 540
MEA 5 3 4 5 2,120
WEU 8 34 16 16 ~17,000
EEU 2.4 14 - 4.8 2,400
FSU 5 4 - 17 -
CPA 24 2.3 11 12 -
SAS 20 2 4.9 3.2 334
PAS 8 3 4.7 3.5 1,500
PAO 2.7 16 6 6.3 ~23.000

NAM North America, LAM Latin America, AFR Sub- Saharan Africa, MEA Middle East and North
Africa, WEU Western Europe, EEU Central and Eastern Europe, FSU Newly independent atesof the
former Soviet Union, CPA Centraly planned Asa and China, SAS South Asa, PAS Other Pacific
Asa, PAO Pacific OECD.

It is notable that in 1990, with just 5% of the world' s population, North America (Canada and USA)
accounted for 29% of the GWP, 24% of globa primary energy use, and 25% of globa energy-related
net carbon emissions. Sub-Saharan Africawith 9% of theworld’ s popul ation, accounted for 1% of the
GWP, 3% of globa primary energy use (2/3 from fuewood), and 2% of globa energy-related net
carbon emissions. South Asiawith 20% of the world' s population, accounted for less than 2% of the
GWP, 5% of globa primary energy use, and 3% of globa energy-related net carbon emissions.

The task to make energy available to the bulk of the people in the developing countries a prices they
can cope with is certainly large. Still bigger is the task to provide clean energy to the developing
countries aswell asthe industriadised countries and the countries of Central and Eastern Europe. And
whenwethink of that theworld populationis expected to double by theend of the 21% century, thetask
at hand for the peoples of the world is certainly such that many wonder how it can be met.

Population Growth



Population growth is, of course, acentrd issuein studies of how to meet the energy requirementsof the
world. Figure 3 (reproduced from Nakicenovic et d., 1998) shows the historical development from
1850 to 1990 and World Bank projection to 2100 (Bos et al., 1992), (top) rura-urban and (bottom)
by macroregion, in billion people. Urbanization trends are based on UN (1994) and Berry (1990).

As dated by Nakicenovic et a. (1998), the
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people. Urbanization trends are based on UN only 50-60% of that in the OECD areaby then.
(1994) and Berry (1990). The figure is reproduced | The WEC (1993) study suggeststhat by theend
from Nakicenovic et al. (1998). of next century close to three-quarters of the

world' s population islikely to be urbanised and
the interim pressures on housing, sanitation, air and water quality, hedlth care and congestion are likely
to have beenintense. Energy systems geared to providing the comforts, motive power and mobility that
people seek from energy may have lead to some profound changes. Thechdlengeto city transportation
systems over that time frame is likely to have caled forth some imaginative responses (WEC, 1993).

How to Meet Future Energy Requirements

The WEC (1993) study states that energy issues should be viewed in their totd, global, socia and
indtitutional, aswell as economic and environmenta, perspective. In particular, what people demand is
not energy as such but the services which energy can provide - heating, cooling, cooking, lighting,
mohbility and motive power. The WEC Commission devel oped three energy Cases, each representing
different assumptionsin termsof economic development, energy efficiencies, technology trandfer and the
financing of development around theworld. These Caseswere devel oped to il lustrate future posshilities
The main horizon year adopted was 2020.



The IIASA-WEC study (Nakicenovic et &, ]
paper are adopted, expanded the Cases of
focus is on the period between 2020 and 2
A is badcdly a high-growth future in terms®f
modest but perhaps more realistic growth, Cas
ubstantia technological progress and unp %
environmenta protection and internationa
2050 compared with 1990 are shownin Table
energy mix, energy sector investments, and exni

Table 2: Characterigticsof thethree casesfor-tiie
Table 5.1 of Nakicenovic et d. (1998) show

Baseyear 1990 CaseA CaseB CaseC
Primary energy, Gtoe 9 25 20 14
Primary energy mix (%)
Coad 24 15 21 10
Qil 34 32 20 18
Gas 19 19 23 23
Nuclear 5 12 14 12
Renewables 18 22 22 37
Energy investmentstrillion (USD) 0.2 0.8 0,8 0.5
As % of GWP 1.2 0.8 1.1 0.7
Final energy (Gtoe) 6 17 14 10
Emissions
Sulphur (MtS) 59 54 55 22
Net carbon (GtC) 6 12 10 5

All three Cases providefor substantial socia and economic development, particularly inthedeveloping
countries. They provide for improved energy efficiencies and environmenta compatibility, and thusfor
associated growth in both the quantity and quality of energy services Tofacilitate comparisons, dl the
Cases assume the same popul ation growth with 10 billion peoplein 2050 and nearly 12 hillion by 2100.

The lIASA-WEC study (Nakicenovic et a., 1998) states that all scenarios except Case C approach
the doubling of pre-industriad CO2 concentrations thet is the base for most climate caculations. In all
scenarios except Case C, carbon concentrations continue to rise throughout the 21% century. Based on
current knowledge, an increase of CO2 concentrations to 600 ppmv by the end of the 21% century
could lead to an increase in the mean globa temperature of about 2.5 ? Cand asealeve riseof upto
half ameter. The scientific uncertainties of such estimates are, however, substantia (IPCC, 1996).

Case Ciscertanly themost chalenging for theinternationa community. It isoptimistic about technology
and geopolitics, but unlike Case A, it assumes unprecedented progressive internationa co-operation



focussed explicitly on environmenta protection and internationa equity (Nakicenovic et d., 1998). It
assumes a broad portfolio of environmenta control technologies and policies, including incentives to
encourage energy producers and consumers to utilise energy more efficiently and carefully, “green

taxes’, internationa environmenta and economic agreements, and extensive technology transfer. It
incorporates policiesto reduce carbon emissonsin 2100 to 2 gigaton carbon (GtC) per year, whichis
onethird of today’ slevel. One option isacarbon tax that gradually increaseswell above USD 100 per
ton of carbonin 2100 to ava ue comparable with average gasolinetaxesin Western Europe at present.

In the IIASA-WEC study (Nakicenovic et a., 1998), Case A is divided into three scenarios, A1
(shownin Fig. 4) which assumesgasand ail to provide nearly 20% each of the primary energy in 2100,
A2 which assumes cod to provide 40% of the primary energy, and A3 which assumesfoss| fuesbeing
reduced to 30% by 2100.

Case B

Smilaly, Case C is divided into two Tradit oral renswables
scenaios, (C1) inwhich nuclear energy is
phased out and 80% of the primary
energy provided by renewables, and
(C2) in which a new generation of safe
nuclear reactors has been developed.
Scenario C2 is shown in Figure 4.

The Kyoto protocol of 1997 specifies
emisson limits for the OECD countries
and the countries in trangtion to market Case O

economies (regions NAM, WEU, EEU, '0/0 Tradidora, rengwshlag
FSU, and PAO in Table 2). Thel|ASA-
WEC study compared the energy-rdated
carbon emisson limits of these regions | ao-]
and concluded that in Case C dl the
regions are well within their Kyoto limits | 427
aready in 2010 and heading toward yet
lower emissons thereafter. Case B and
scenario A3 come close to being in | o §-C:
compliance with the Kyoto protocol 185 1o 19 eo 20
(Nakicenovic et d., 1998).
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Figure 4: Evolution of primary energy shares, historical
development from 1850 to 1990 and in scenarios to
TheIncreased Role of Renewables | 2100. Case A, the dil and gas-intensive high economic
growth case. Case B, the cautious economic growth

In al the scenarios, the pesk of the fossil case. Case C, the renewable and Abio-nuc.@case. The
fuel era has passed (Nakicenovic et ., figures are reprO(_juced from Nakicenovic et al.(1998),
1998). Fossi| energy consumption grows ta;g)show Scenario A1, Case B, and Scenario C2 (see
more dowly then tota primary energy

needs. Oil and gas are important trangtiona sources of energy in dl scenarios, but their percentage
sharein the total primary energy gradudly declines throughout the next century. In absolute amounts,
however, future oil and gas requirements are huge compared with current levels. By 2050 the highest
scenariosimply increasesin oil production of more than afactor of two and of gas production by close




to afactor of five compared with current production levels. Therole of cod isvariablefromarevivd in
scenario A2 and Case B, to adeclinein the other scenarios. In scenario A1 (showninFig.4) oil and gas
maintain the highest market share of al scenarios and for the longest time. It may be worth recdling
here, that in long term energy forecastsin the middle of the 20th century, nuclear energy was expected
to provide amgjor share of the energy requirements by year 2000!

Congderable progress is expected in the development of clean fuelstechnology. The development of
fud cdlsand theuse of hydrogen asan energy carrier for transportation areaso very important fields of
research. The pace of such development is, however, difficult to quantify.

Indl scenariosthereisasgnificart expangon of renewables. Traditiona uses of renewables (fuel wood
and anima waste) are expected to be gradualy replaced by high-qudity energy carriers, including those
from “new” renewable sources (such as modern biomass, solar, wind, and geotherma energy). Hydro
power and traditional biomass are dready important factors in the world' s energy mix, contributing
about 18% of thetota world energy requirements, whereasthe“new” renewables contribute only about
2% of the world primary energy use (WEC, 1993).

The “new” renewables are a a variable stage of development as yet. The period until 2020 is
consdered avery important trangtiona period for renewablesinthe energy market, especidly asoneof
the potentidly largest sngle contributors of the “new” renewables, namely solar energy for eectricity
production, is dill not commercidly competitive with conventiona energy sources.

“Modern” biomass, wind and geotherma energy are, however, making arelaivey fast progress. A
comprehensive description of the “new” renewablesis given in the World Energy Council publication
“New Renewable Energy Resources - A Guideto the Future’” (WEC, 1994).

The WEC Commisson (WEC, 1993) estimated that the* new” renewables might in 2020 contribute 3-
4% of thetota energy demand with minimum policy support and 8-12% of the world energy demand
withmgor policy support. Different opinions have been stated on the WEC Commission’ sstudy on the
potentia role of the various renewabl e energy sources. An examplewill be given hereregarding therole
of hydropower and geotherma energy. Similar cases can probably be made for some of the other
“new” renewables.

Bjornsson et d. (1998) made aspecid study of the potentia role of hydropower and geotherma energy
intheworld energy scenario in 2020. Table 3 (from Bjornsson et d., 1998) isdivided into three parts,
thefirgt two of which are taken directly from the WEC Commission’ sstudy (WEC, 1993). Thefigures
in the third part for hydro and geotherma are supplied by Bjoérnsson et d. (1998). For traditiona

renewables, no policy support isenvisaged, and for hydro mgjor policy support isenvisaged for “small

hydro” only, according to WEC (1993). Thefiguresfor hydro in Table 3, however, refer to both “smal”

and “large’ hydro.

Table 3 shows that mgor policy support can be expected to increase energy production from
renewables in 2020 from 117 to 151 EJa, or by 29%, according to WEC (1993) and that the
emphasison hydro and geotherma advocated in Bjornsson et a. (1998) could increasethem from 117
to 181 EJa, or by 54%. Production from geothermal would beincreased by 276% and that from hydro
by 47% over and abovethe“mgor policy support” figuresin WEC (1993). Thisisin linewith theview



expressed by Bjornsson et d (1998) that hydro and geotherma were given inadequate attention in the
WEC (1993) study.

Bjornsson et d. (1998) concluded:

1)

2)
3)
4)
5)

6)

1)
2)

that by vigoroudy developing the hydro and geotherma resources of the world over the next few
decades, globa emissions of carbon dioxide in 2020 from energy production and use can be
reduced by some 10% from the level estimated in Case B of the WEC 1993 Energy Study;

that there are ample undeveloped resources available for this;

that the environmenta impacts of hydro and geotherma need not hinder their devel opment;

that both energy sources possess anumber of positive attributes from an operationa point of view;

that they are generaly cost-competitive and involve lower financid risk than many other energy

sources, and

that, accordingly, financing of the necessary investment, largely by private capital, should not be a
serious obstacle. Bjornsson et d. (1998) conclude that hydro could contribute 61 EJa and

geothermd 14 EJa, totdling 75 EJa, to the globa primary energy supply in 2020, which is about
77% higher than envisaged in Case B of the WEC (1993) studly.

Table 3: Assumed primary energy production from renewablesin 2020
(From Bj6rnsson et a. 1998)

Renewables WEC? Bjornsson et d.
1998
Minimum Maximurm?

EJa % EJa % EJa %

Traditiond 55.6 47.6 55.6 36.9 55.6 30.8
Modern biomass 10.2 8.7 23.6 15.7 23.6 13.1
Solar 4.6 3.9 149 9.9 14.9 8.2
wind 3.6 3.1 9.0 6.0 9.0 5.0
Oceanic 0.6 0.5 2.3 15 2.3 13
Geothermd 17 15 3.8 2.5 14.3 7.9
Hydro power 40.7 34.8 41.5 27.5 60.8 33.7
Total 1170 | 100.0 | 150.7 | 1000 | 1805 | 100

WEC Commission: Energy for Tomorrow' s World, St. Martin's Press 1993
With mgjor policy support

The Role of UN Agencies

Tomeet theam stated by the WEC Commission (WEC, 1993) to supply adequate, sustainable energy
at acceptable codts to meet the needs of al people whilst achieving socialy acceptable care and
protection of the environment, requires aconcerted effort of al governments, internationa agencies, the
business as well as the academic communities around the world. The UN system has a tradition for
dedling with many of the key issues.



There are many areas of conflict on the horizon which ever of the scenarios we choose to meet the
future energy requirementsof theworld. Two energy sources, biomassand nuclear energy, will betaken
as examples. All the scenarios described in previous chapters involve a sgnificant increase of use of
biomassfor energy production. Both agricultura food production and biomass production for energy
require land. The IIASA-WEC study (Nakicenovic et a., 1998) looked at the potential land-use
conflict between agriculture and biomass energy. In Asa, for example, theland required for expanding
agricultura production and achieving maximum biomass use would require the entire arable land by
2100. They conclude that the future of biomass will in dl likdihood be congrained, particularly in
densely populated regions such as Asa

All but one of the energy scenarios involves a great increase in the use of nuclear energy. Problems
associated with the safety of nuclear plants and the storage and disposal of nuclear waste are of much
public concern internationdly. This has lead many industridized countriesto stop building new nuclear
plants. One of the world’s most technologicaly devel oped country, Sweden, decided after a national
referendum to phase out by 2010 the nuclear plants which have provided over 40% of the eectricity
since the mid 1980°s. In addition to nuclear safety and waste disposal problems, the internationa
concern for the proliferation of wegpon s-gradefissle materiaswill increase as more and more nations
ingtdl and operate nuclear plants. That will create conflictsof apalitica nature but till be closdy rdlated
to the energy debate.

United Nations agencies have played amgor rolein the development of the energy sector, in particular
in the developing countries. UNDP projects have been key dementsin the early stages of energy
projects in a large number of countries in dl continents, not least in the development of renewable
energy sources such ashydropower and geothermd energy. TheWorld Bank (through IDA, IBRD, and
lately 1FC) has been ingtrumenta in financing and in conducting quality control on mgor energy projects
around the world. But it is not least in the arena of internationd agreements on the sustainable use of
energy resources that the UN agencies have amgor roleto play.

Itisclear that no Sngle energy sourceisgoing to take over from the polluting fossil fuels. Theintegration
of locd energy sourcesin individua countries and regionsinto grids that make use of the best locd and
imported energy isimportant if we are to find solutions to regiona and globa energy problems. In the
developing countries in particular, the expanson of the energy sector must go hand in hand with
infrastructure, socid devel opment and economic growth. High technology energy industry cannot thrive
in countries characterised by the oxcarts.

Technology transfer from theindustridised to the devel oping countriesis certainly of mgor importance.
Oneof themain condraints of energy development in many countriesisashortage of skilled manpower
with practicd experience. The developing countries rely heavily on foreign consultants, but in many
cases the consultants have to work for aconsiderable time in a given country to be able to adjust their
expertiseto the specid characteristics of the energy resources and theinfrastructure in that country. Itis
very important to secure that the experience obtained during the development and implementation of
mgor energy projects be maintained within the country when the consultants depart. Assigning fully
qudified loca expertsto work as counterparts with the foreign consultant’ s best doesthis. Many of the
locd experts need to receive apart of ther training internationaly. The energy sector can only work in
true harmony with other sectorsin a country when loca competence has been secured in key functions



a nationd levd.

We must not, however, forget the need to educate aso the decision-makersthat haveto ded withthe
most complex matters in the internationa fora. United Nations agencies might consider increasing the
opportunitiesfor multidisciplinary training of young profess onaswho have been chosen by their nations
and by the internationa agencies to ded with the complex issues a hand for mankind. To meet the
energy requirements of the world in the future can only be done in harmony with meeting many other
human requirements. The common god isto improve the qudlity of life of the peoples. All nations, the
united nations of the world, areinvolved.

Conclusons

At the turn of the millennium, two billion people, athird of the world' s population, have no accessto
modern energy services. World population is expected to double by the end of the 21% century.
Economic devel opment needsto continue, particularly in the South. A key issuetoimprovethe sandard
of living of the poor is to make clean energy available to them at prices they can cope with. Energy
affectsdl agpectsof modern life. Thereisastrong positive correlation between energy use per capitain
acountry and issuesthat we va ue highly such as productivity per cgpitainthe country (Figure 1) and life
expectancy (Figure 2). Smilarly, thereis an inverse correlation between energy use and issues such as
infant mortdity and illiteracy.

The scarcity of energy resources forecasted in the 1970s did not occur. With technologicad and
economic development, estimates of the ultimately available energy resource base continueto increase.
Economic development over the next century will apparently not be congtrained by geologicd
resources. Environmental concerns, financing, and technological constrains appear more likely sources
of future limits

Amongst the top priorities for the mgority of the world' s population is access to sufficient affordable
energy. Some 70% of theworld’ spopulation have aper capitaenergy consumption level one-quarter of
that of W-Europe, and one sixth of that of the USA. The World Energy Council has presented severa
scenarios for meeting the future energy requirements with varying emphasis on economic growth rates,
technologica progress, environmenta protection and internationa equity. All provide for substantia
socid and economic development, particularly in the developing countries. They provide for improved
energy efficienciesand environrmenta competibility. During 1990- 2050, the primary energy consumption
isexpected to increase by some 50% according to the most environmentaly conscious scenario and by
some 275% according to the highest growth rate scenario. In the environmental scenario, the carbon
emissonsare expected to decrease dightly from 1990 leves. The high growth rate scenario isexpected
to lead to a doubling of the carbon emissons.

Inall scenarios, the pesk of thefoss| fue erahasaready passed. Oil and gas are expected to continue
to be important sources of energy in al cases, but the role of renewable energy sources and nuclear
energy vary highly in the scenarios and the level to which these energy sources replace cod. Hydro
power and traditiona biomass are dready important factors in the world's energy mix, contributing
about 18% of thetota world energy requirements, whereasthenew” renewables contribute only about
2% of the world primary energy use (WEC, 1993). The potentidly largest single contributor of the
“new” renewables, namely solar energy for ectricity production, is till not commercidly competitive
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with conventiona energy sources. “Modern” biomass, wind and geothermd energy are commercidly
competitive and are making a rdatively fast progress. Consderable progress is expected in the
development of clean fuds technology. The development of fue cdlls and the use of hydrogen as an
energy carrier for trangportation are dso important fields of research.

Itisclear that no sSingle energy sourceisgoing to take over from the polluting fossil fuels. Theintegration
of locd energy sourcesin individua countries and regionsinto grids that make use of the best locd and
imported energy isimportant if we are to find solutions to regiond and goba energy problems. Inthe
developing countries in particular, the expanson of the energy sector must go hand in hand with

infragtructure, socid development and economic growth. Technology transfer from theindustrialised to
the devel oping countriesis certainly of mgor importance. Attention isdrawn to the need dso to educate
the decison-makers. UN agencies should increase the opportunities for multi-disciplinary training of
young professonas who have been chosen by ther nations and by the internationa agenciesto ded

with the complex issues a hand for mankind.

To meet the energy requirements of the world in the future can only be done in harmony with meeting
many other human requirements. The common god isto improve the qudity of life of the peoples. To
supply adequate, sustainable energy at acceptable coststo meet the needs of al peoplewhilst achieving
socidly acceptable care and protection of the environment requires a concerted effort of dl
governments, international agencies, the busnessaswell asthe academic communitiesaround theworld.
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