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1 Introduction

1.1 Background

DLR has been asked by Greenpeace International and EREC to conduct a study on
global sustainable energy pathways up to 2050. This study should result in energy
scenarios with emissions that are significantly lower compared to current levels.
The scenarios will be presented on the EREC policy conference in January 2007 in
Brussels.

The energy supply scenarios will be calculated using the MESAP/PlaNet simula-
tion model that was used before for a similar study by DLR on the EU-25 scenario
“Energy revolution: A sustainable pathway to a clean energy future for Europe”
published in September 2005 for Greenpeace International. DLR asked Ecofys to
develop the energy demand scenarios for this study.

1.2 Aim of the study

The aim of this project is to develop low energy demand scenarios for the period
2003 to 2050 on a sectoral level for the IEA regions. The years taken into account
are 2010, 2020, 2030, 2040 and 2050.

The scenarios are based on the reference scenario from IEA World Energy Outlook
(2004). The energy demand is split up in electricity and fuels'. The sectors that will
be taken into account are industry, transport and others (including households and
services).

Two low energy demand scenarios will be developed based on the IEA reference
scenario:

1. Anambitious energy efficiency scenario and

2. A more economic energy efficiency scenario

! This includes energy demand in terms of fossil fuels, renewable energy sources and heat.
Feedstocks are excluded.
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1.3 Contents of the report

First (Chapter 2) discusses the approach and methodological issues. Next, Chapter
3 provides a description of the energy savings options included in the analysis. For
each option a short description is provided as well as the basic assumptions and re-
sulting reduction potential. Chapter 4 discusses the results of the analysis.
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2 Approach

2.1 Introduction

This chapter includes a description of the approach and assumptions used in this
study. Figure 1 shows the steps taken in this study to develop the low energy de-
mand scenarios.

Step 1: Reference scenario
The purpose of step one is to develop a reference energy demand scenario for the
period 2003-2050 per region and per sector.

Step 2: List of measures
In step two a list is drawn up of possible energy savings options per sector.

Step 3: Energy savings potential

Step three aims to determine the energy savings potential per year evaluated (2010,
2020, 2030, 2040 and 2050) and per sector. A distinction is made between the eco-
nomic and the technical energy savings potential, leading to two low energy de-
mand scenarios:

1. Ambitious. This is an ambitious energy efficiency scenario focusing on current
best practice technologies and available technologies in the future. This scenario
assumes continuous innovation in the field of energy efficiency.

2. Constraint. This is a scenario with more moderate energy savings taking into
account implementation constraints of energy efficient technologies in terms of
costs and other barriers.

Figure 1 Steps taken within the project

The regions included in this analysis are given in Table 1.

Table 1 Specification of world regions (IEA 2004)

World region Countries

OECD Europe Austria, Belgium, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxem-
bourg, Netherlands, Norway, Poland, Portugal, Slovak Repub-
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World region

Countries

OECD North
America

OECD Pacific
Transition
Economies

China
East Asia

South Asia
Latin America

Africa

Middle East

lic, Spain, Sweden, Switzerland, Turkey, United Kingdom
Canada, Mexico, United States

Japan, South Korea, Australia, New Zealand

Albania, Bosnia-Herzegovina, Bulgaria, Croatia, Federal Re-
public of Yugoslavia, Macedonia, Romania, Slovenia, Cyprus,
Gibraltar”, Malta? and Former USSR (Armenia, Azerbaijan,
Belarus, Estonia, Georgia, Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Republic of Moldova, Russia, Tajikistan, Turkmeni-
stan, Ukraine and Uzbekistan)

China (including Hong Kong)

Afghanistan, Bhutan, Brunei, Cambodia, Chinese Taipei, Fiji,
French Polynesia, Indonesia, Kiribati, Democratic People's Re-
public of Korea, Laos, Malaysia, Maldives, Myanmar, New
Caledonia, Papua New Guinea, Philippines, Samoa, Singapore,
Solomon Islands, Thailand, Vietnam, Vanuatu

Bangladesh, India, Nepal, Pakistan, Sri Lanka

Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize,
Bermuda, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba,
Domenica, Dominican Republic, Ecuador, El Salvador, French
Guiana, Grenada, Guadeloupe, Guatemala, Guyana, Haiti,
Honduras, Jamaica, Martinique, Netherlands Antilles, Nicara-
gua, Panama, Paraguay, Peru, Puerto Rico, St. Kitts-Nevis-
Anguila, Saint Lucia, St. Vincent-Grenadines and Suriname,
Trinidad and Tobago, Uruguay, Venezuela

Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi,
Cameroon, Cape Verde, Central African Republic, Chad,
Congo, Democratic Republic of Congo, Cote d'lvoire, Djibouti,
Egypt, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia,
Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Libya,
Madagascar, Malati, Mali, Mauritania, Mauritius, Marocco,
Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and
Principe, Senegal, Seychelles, Sierra Leone, Somalia, South Af-
rica, Sudan, Swaziland, United Republic of Tanzania, Togo,
Tunisia, Uganda, Zambia, Zimbabwe

Bahrain, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman,
Qatar, Saudi Arabia, Syria, United Arab Emirates, Yemen

D Allocation of Gibraltar and Malta to Transition Economies because of statistical reasons
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The sectors distinguished in this analysis are industry, transport and others. These
sectors correspond to the sectors given in the IEA World Energy Outlook. In the
World Energy Outlook, total final consumption is broken down into the following
sectors: industry, transport, other (includes agriculture, residential, commercial and
public services). For industries, feedstocks are excluded in the analysis.

2.2 Step 1l: reference scenario

The reference scenario is defined as the development in final energy demand up to

2050, assuming:

1. No large changes take place in the production and consumption structure of the
current economy

2. All currently adopted energy and climate change policies are implemented.

The purpose of this step is to determine the reference final energy demand for the
years 2010, 2020, 2030, 2040 and 2050. The base year of the analysis is 2003.

2.2.1 Reference scenario 2010, 2020 and 2030

The energy demand in 2010, 2020, 2030 is taken from IEA World Energy Outlook
2004 (WEO). The energy demand for industries is corrected for feedstock use.

2.2.2 Reference scenario 2040 and 2050

The energy demand in 2040 and 2050 is based on extrapolation of the World En-
ergy Outlook reference scenario to the years 2040 and 2050. The extrapolation is
based on:
e The growth rate of GDP? per capita and population for the period 2030-
2050 (Krewitt and Kronshage, 2006)
e Autonomous energy intensity® decrease

Total final energy consumption is a result of the final energy consumption per cap-
ita in 2040 and 2050 and the population in 2040 and 2050. The growth rate for final
energy consumption per capita is based on the increase of GDP per capita corrected
for the autonomous energy intensity decrease.

The autonomous energy intensity decrease differs per regions and is based on the
development of final energy intensity per region in 2002-2030 from World Energy

2 GDP corrected for Purchase Power Parity (PPP)
% Energy intensity is a measure of total primary energy use per unit of gross
domestic product.

GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050 AuGUST 2006 7
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Outlook. The trend for the autonomous energy intensity development in the periods
2010-2020 and 2020-2030 is linearly extrapolated to the period 2030-2050.

We assume that the relative growth trends per sector in the period 2020-2030 con-
tinue in the period 2030-2050. For instance, if the share of transport in total final
energy consumption grows by 15% in the period 2020-2030 we assume that the
same growth trend will be present in the period 2030-2040 and 2040-2050.

Figure 2 shows the reference scenario for the world.

600,000 -

500,000 4 —a— Total final energy
consumption (PJ)

Transport
400,000 -

—%— Industry - fuels

Final energy consumption (PJ)

300,000
— —e— Industry - electricity
200,000 A —e— Other - fuels
/0/*/_,_/—0 —=— Other - electricity
100,000 *
.w
O T T T T 1
2003 2010 2020 2030 2040 2050

Figure 2 Reference scenario World

2.3 Step 2: List of measures

Table 2 shows the measures analysed in this study. The list of options is derived
from a number of projects previously executed by Ecofys [Ecofys, 2001 and 2003].
Options are selected, which are expected to result in a substantial reduction of en-
ergy demand before 2050. In most cases state of the art technologies are selected
and not technologies that are currently in a development state.

Table 2 Overview of measures assessed in this study

Sector |Nr. |Reducti0n option

Industry
General |1 |Efficient motor systems

8 AUGUST 2006 GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050
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Sector Nr. [Reduction option

General 2 Heat intearation / pinch analysis
General 3 Improved process control
Aluminium 4 Increase secondary aluminium
Iron and steel 5 Blast furnace — coal injection
Iron and steel 6 BOF gas + sensible heat recovery
Iron and steel 7 Thin slab casting

Chemical industry 8 Membrane product separation
Other industries 9 Eneray efficiency improvement

Transnort

Passenaer cars

Ffficient nassenaer cars (hvhrid filel cars)

Freiaht Efficient freight vehicles
Buses Efficient buses
Others

Hoiisehnlds and services

Ffficient electric annliances

Services

Efficient coolina equipment

Households and services

Efficient lighting

Households and services

Reduce stand-bv losses

Households and services

Improved heat insulation

Services

Reduce electricity use durina non-office hours

Adgriculture and non-specified others

Eneray efficiency improvement

2.4 Step 3: Energy savings potential

The energy savings potential of a measure is based on the estimated energy savings
in comparison to the reference scenario. The resulting energy savings of a certain
option is thus additional to energy-efficiency improvement already occurring in the
reference scenario. Table 3 shows the parameters that are used to calculate the en-

ergy savings per measure.

Table 3 Parameters used for calculating energy savings per measure

Indicator

Definitions

Reference final energy de- | Final energy demand by sub sector in baseline

mand

Reduction efficiency (%) Reduction of final energy demand after the measure is
applied in comparison to situation where the measure is
not applied.

Energy savings (%) The energy savings are given in comparison to the ref-
erence energy demand of a sub sector. The implementa-

GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050
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tion potential of a measure and the implementation of a
measure in the reference scenario are taken into ac-
count.

The measures are defined in such a way that there is no overlap between the meas-
ures. This means that the total savings of final energy demand can be determined by
adding the energy savings of the separate options.

Two scenarios are distinguished: Ambitious and Constraint.

1. Ambitious. This is an ambitious energy efficiency scenario focusing on current
best practice technologies and available technologies in the future. This sce-
nario assumes continuous innovation in the field of energy efficiency. The re-
sulting energy savings potential in this scenario reflects the total energy sav-
ings potential of the measures that is considered technically feasible, while tak-
ing into account stock turnover rates and life span of equipment and installa-
tions. This means that equipment or cars are replaced at the end of their eco-
nomic life time.

2. Constraint. This is a scenario with more moderate energy savings taking into
account implementation constraints of energy efficient technologies in terms
of costs and other barriers.

2.5 Uncertainties in results

A number of assumptions need to be made in these analyses, which lead to uncer-
tainties in the results. These assumptions are mainly:
e Assumptions for extrapolation of the reference scenario.
e Assumptions for determining costs and energy savings potential of the
measures.
e Assumptions for determining the implementation of the measures in the
reference scenario and the possible implementation of the measures in the
two low energy demand scenarios.

The uncertainties resulting from the assumptions add up to significant uncertainties

in the results. This means that the results should be interpreted as order of magni-
tude numbers.

10 AUGUST 2006 GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050
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3 Reduction options

3.1 Introduction

This chapter contains an overview of current energy use per sector and a general
description of the energy savings measures considered within this project. The de-
scription includes the general assumptions made to determine the energy saving po-
tential.

Figure 3 shows a breakdown of final energy demand in the world by the most im-
portant sub-sectors in the base year 2003.

2000 -

H | Heat
1800 - @ Electricity

m Combustible Renew ables and Waste

1600 -
O Natural Gas

1400 - @ Petroleum Products

. @ Coal and Coal Products

1200

1000 -

mtoe

800

600 -

400 -

200

Residential Industry Transport Commercial and Other
Public Services

Figure 3 Final energy demand for the world by sub sector and fuel source
in 2003 (IEA, 2005)
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3.2 Industry

Figure 4 shows a breakdown of final energy demand per sub sector in industry for
the base year 2003.

100% | |

90% -~

80% -

O Transport Equipment

O Wood and Wood Products
@ Construction

m Mining and Quarrying

70% -

60%
O Textile and Leather

® Machine
50% i

@ Non-Ferrous Metals

B Food and Tobacco
0O Paper, Pulp and Printing

40% -~

0O Non-Metallic Minerals
30% -
@ Iron and Steel

@ Chemical and Petrochemical

20%

10% -

0%

2003

Figure 4 Breakdown of final energy consumption in 2003 by sub sector
for industry (IEA, 2005)

We assume that the share of final energy demand per sub sector in the base year
remains the same in future years.

For industry we look at eight measures for improving energy efficiency. Three
general measures that are applicable to all industries are

o Efficient motor systems

e Process optimization and integration

e Improved monitoring and process control

12 AUGUST 2006 GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050
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Sector specific measures are

e Aluminium
o recycling of aluminium

e Iron and steel
o Blast furnace — coal injection
o0 Basic Oxygen Furnace (BOF) — BOF gas and sensible heat recov-

ery

o Thin slab casting

e Chemical industry
0 Membrane product separation

1. Efficient motor systems

Electric motors systems in the industry make up a large share of the electricity use
in industry. Approximately 65% of the electricity use by industry is used to drive
electric motor systems. Ways of reducing electricity consumption in electric motor
systems are:

1. Variable Speed Drives (VSDs). VSDs can lead to savings of electricity con-
sumption of 15% to 35% of the electricity consumption of electric motor sys-
tems (EC, 1999). VSDs can be applied in approximately 40% to 60% of the
cases.

2. High Efficiency Motors (HEMs). HEMs reduce energy losses through im-
proved design, better materials, tighter tolerances, and improved manufacturing
techniques. The specific energy savings depend on the efficiency of the current
motor. For large motors the savings are likely to be small (1-2%) and for
smaller motors larger (up to 75%) (Keulenaer et al, 2004). On average HEMs
lead to an electricity savings of 3% to 5% (UU, 2001).

3. Implementing efficient pumps, compressors and fans.

a. A case study has shown that 25% of the electricity consumption of a
compressor can be saved by measures as process control, heat recovery
and improvement of air treatment. Compressors account for about 15%
of the electricity consumption of industrial motor systems. (Keulenaer
et al, 2004)

b. A case study has shown that 30% of the electricity consumption of a
pump system can be saved by adapting the design. The payback time is
twelve weeks. Pumps account for about 35% of electricity consumption
of industrial motor systems. The technical electricity savings potential
for conventional pumping systems is 55%. This includes low friction
pipes, with an efficiency of 90% in comparison to 69% for conven-
tional pipes. (Keulenaer et al, 2004)

GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050 AuGUST 2006 13
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c. The payback time of efficient fans is estimated to be 0.4 years (Keule-
naer et al, 2004). Fans account for about 15% of electricity consump-
tion of industrial motor systems. (Keulenaer et al, 2004)

Together these measures lead to a technical electricity savings potential of 40%.
According to a study for EU-15, the economic savings potential is 29% of the elec-
tricity consumption for industrial motor systems (Keulenaer et al, 2004). The eco-
nomic savings potential includes measures with payback times up to three years.

In this study the technical electricity savings potential by 2050 is estimated to be
40% and the electricity savings potential for the Constraint scenario is estimated to
be 30% of the electricity consumption of industrial motor systems. We assume that
all motor systems can be replaced by 2030, with a linear implementation for the
previous years.

2. Process Optimization and Integration (pinch
analysis)

Process integration or pinch technology refers to the exploitation of potential syn-
ergies that are inherent in any system that consists of multiple components working
together. In plants that have multiple heating and cooling demands, the use of proc-
ess integration techniques may significantly improve efficiencies.

The methodology involves the linking of hot and cold streams in a process in a
thermodynamic optimal way (i.e. not over the so-called ‘pinch’). Process integra-
tion is the art of ensuring that the components are well suited and matched in terms
of size, function and capability.

The energy savings potential using pinch analysis far exceeds that from well-known
conventional techniques such as heat recovery from boiler flue gas, insulation and
steam trap management. There is usually a large potential for improvement in over-
all site efficiency through inter-unit integration via utilities, typically 10 to 20% at a
two-year payback. (Kumana, 2000) A number of refineries have applied total site
pinch analysis. Typical savings identified in these site-wide analyses are around 20-
30%, although the economic potential was found to be limited to 10-15% (Linnhoff
March, 2000).

For this study we assume that pinch analysis can reduce heat demand of industries
by 10% economically and 20% technically. The implementation of pinch analysis
in the reference scenario is assumed to be 25%, leaving an additional potential of
75% of the industry to which pinch analysis can still be applied. We assume that in
2020 all sites can have pinch analysis implemented with a linear implementation
for the previous years.

14 AUGUST 2006 GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050
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3. Improved monitoring and process control

The use of energy monitoring and process control systems can play an important
role in energy management and in reducing energy use. Typically, energy and cost
savings are around 5% or more for many industrial applications of process control
systems (Worrell and Galitsky, 2005). Although, energy management systems are
already widely disseminated in various industrial sectors, the performance of the
systems can often still be improved. In many cases, only one process or a limited
number of energy streams were monitored and managed. Various suppliers provide
site-utility control systems (HCP, 2001). Payback times range generally from 6 to
18 months (Worrell and Galitsky, 2005).

A variety of process control systems are available for virtually any industrial proc-
ess. Below is an overview of process control systems.

System Characteristics Typical energy savings
(%)

Monitoring and Targeting  Dedicated systems for various in- Typical savings 4-17%,
dustries, well established in various average 8%
countries and sectors

Computer Integrated Improvement of overall economics > 2%
Manufacturing (CIM) of process, e.g. stocks, productivity
and energy
Process control Moisture, oxygen and temperature Typically 2-18% savings

control, air flow control “Knowl-
edge based, fuzzy logic”

Sources: Martin et al. (2000) and Worrell and Galitsky (2005)
We assume that energy savings from improved monitoring and process control are

5% of industrial energy demand and can be fully implemented from 2010 onwards.
All savings are assumed to be economic.

GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050 AuGUST 2006 15
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Aluminium

4. Recycling of aluminium

The production of primary aluminium from alumina (which is made out of bauxite)
is a very energy-intensive process. It is produced by passing a direct current
through a bath with alumina dissolved in a molten cryolite electrode. Another op-
tion is to produce aluminium out of recycled scrap. This is called secondary pro-
duction. Secondary aluminium uses only 5 to 10% of the energy demand for pri-
mary production because it involves remelting of the metal instead of the electro-
chemical reduction process (Phylipsen et al., 1998).

Anything made of aluminium can be recycled repeatedly; cans, aluminium foil,
plates and pie moulds, window frames, garden furniture and automotive compo-
nents can be melted down and used to make similar products again. The recycling
of aluminium beverage cans eliminates waste. It must be noted that the share of
secondary aluminium production cannot be increased infinitely, because the prod-
uct quality is affected by the use of scrap as a feedstock. For some high quality
products new aluminium still needs to be used.

Just over 5 million tonnes of old and new scrap were recycled in 2005 worldwide,
which fulfilled 22% of the global demand for aluminium.* Of the total amount of
recycled aluminium, approximately 17% comes from packaging, 38% from trans-
port, 32% from building and 13% from other products. Recycling rates for building
and transport applications range from 60-90% in various countries. Recycling rates
can be further increased e.g. by improved recycling of aluminium cans. In Sweden,
92% of aluminium cans are recycled and in Switzerland 88%. The European aver-
age is 40%.

We assume that by 2050, 50% of primary aluminium production can be reduced by
increased recycling of aluminium, bringing the share of recycled aluminium to 60%
of total aluminium production. This saves 45% of the electricity consumption for
primary aluminium production (assuming secondary aluminium uses 10% of the
energy demand for primary production). For the Constraint scenario we assume that
40% of primary aluminium production can be reduced by increased recycling.

Primary aluminium production and associated electricity consumption per region is
given in Table 4.

4 http://www.world-aluminium.org/iai/stats/

16 AUGUST 2006 GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050


http://www.world-aluminium.org/iai/stats/

ECOFYS

Table 4 Primary aluminium production per region in 2004°

Region Primary alu- Electricity | Share in elec-
minium pro- | Electrical consump- | tricity con-
duction (1000 | power used tion sumption in-
tonnes) (MWh/tonne) | (TWh) dustry (%)

OECD Europe 4607 15.3 70 6%

OECD North America 5108 15.6 80 6%

OECD Pacific 2257 14.8 33 5%

Transition Economies 4624 15.3 71 14%

China 6670 15.3° 0 9%

East Asia 230 154 4 1%

South Asia 862 15.4 13 6%

Latin America 2351 15.6 37 11%

Africa 1702 14.3 24 12%

Middle East 1383 15.3’ 0 21%

World 29794 15.3 455 7%

We assume that the share of electricity consumption for aluminium production in
total electricity consumption for the sector industry remains the same per region up
to 2050.

Iron and steel

The iron and steel industry is made up of (1) integrated steel mills that produce pig
iron from raw materials (iron ore and coke) using a blast furnace and produce steel
using a basic oxygen furnace (BOF) or an Open Hearth Furnace (OHF), and (2)
secondary steel mills that produce steel from scrap steel, pig iron, or direct reduced
iron (DRI) using an electric arc furnace (EAF). The majority of steel produced in
the world is from integrated steel mills, although the share of secondary steel mills
(or “minimills”) is increasing, growing to 40% in 2005°.

There are a number of options for reducing energy consumption in the iron and
steel sector. Below are three important options.

5 http://www.world-aluminium.org/iai/stats/
http://minerals.usgs.gov/minerals/pubs/commodity/aluminum/alumimyb04.xls
8 Assumption

7 Assumption

8 http://www.worldsteel.org/?action=stats&type=steel&period=year&year=2005

GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050 AuGUST 2006



http://www.world-aluminium.org/iai/stats/
http://minerals.usgs.gov/minerals/pubs/commodity/aluminum/alumimyb04.xls
http://www.worldsteel.org/?action=stats&type=steel&period=year&year=2005

ECOFYS

5. Blast furnace- coal injection

An average coal injection rate of 180 kg/t hot metal leads to fuel savings of 1.1
GJ/tonne hot metal (Farla et al., 1998) with a payback time of approximately 4.5
years (IEA, 1995). Injection of pulverized coal may lead to reduced capacity
utilization of the blast furnace (Hanes, 1999). Hence, the economic benefits may vary
by plant.

Currently, coal is seen as the favourable injection fuel because of its low price.
Injection of natural gas is an alternative. Maximum injection rates are lower than for
coal (Oshnock, 1995b). This technology is applied in a number of plants, but can be
much more widespread.

6. Basic Oxygen Furnace - BOF gas + sensible
heat recovery

BOF gas and sensible heat recovery (suppressed combustion) is the single most
energy-saving process improvement in this process step, making the BOF process a
net energy producer. By reducing the amount of air entering over the converter, the
CO is not converted to CO,. The sensible heat of the off-gas is first recovered in a
waste heat boiler, generating high pressure steam. The gas is cleaned and recovered.
The total savings vary between 535 and 916 MJ/tonne crude steel, depending on the
way the steam is recovered (Stelco, 1993). Suppressed combustion reduces dust
emissions and since the metal content of the dust is high, about 50% of the dust can
be recycled in the sinter plant (Stelco, 1993).

The costs will depend on the need for extra gas holders. Suppressed combustion is
very common in integrated steel plants in Europe and Japan.

7. Thin slab casting

Thin slab casting is a new technology integrating casting and hot rolling in one
process. Pioneered in the U.S. by Nucor at the Crawfordsville and Hickmann
plants, various plants are operating, under construction, or ordered worldwide.
Originally designed for small scale process-lines, the first integrated plants con-
structed (Acme, U.S.; Posco, Korea) or announced the construction of thin slab
casters (Germany, Netherlands, Spain) with capacities up to 1.5 Mt/year (Worrell
and Moore, 1997). Energy savings are estimated to be 3 GJ/tonne crude steel
(Worrell, 1999).

18 AUGUST 2006 GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050



Table 5 shows iron and steel production by region.

Table 5 Iron and steel production by region in 2004

ECOFYS

Iron production

Steel production

(mtonnes) (mtonnes)
Pigiron | DRI OHF BOF EAF Total crude steel

steel steel steel production
OECD Europe 113 0.7 0 124 90 215
Transition 88 3 32 72 19 123
economies
OECD North 49 1 0 62 71 133
America
Latin America 39 19 0 29 17 47
Africa 7 6 7 9 17
Middle East 2 11 0 2 12 14
China 329 0.4 0 224 50 272
South Asia 26 2 18 14 34
East Asia 10 0 11 23 34
OECD pacific 117 0 116 52 169
World 780 53 34 664 359 1058

Sources: 11S| statistical yearbook 2005°

Table 6 shows specific energy consumption for iron and steel production by region.
The most energy intensive part of steel making is the production of pig iron and
direct reduced iron (DRI). The higher the share of pig iron and DRI in total steel

production (i.e. the lower the share of scrap input used) the higher the specific

energy consumption.

Table 6 Specific energy consumption for iron and steel production

Specific final

crude steel)10

energy
consumption (GJ/tonne

Estimated share of
scrap input™

Year 2003 2004
OECD Europe 9.0 47%
Transition 17.1 26%
economies

® http://www.worldsteel.org/?action=stats&t
http://www.worldsteel.org/?action=stats&type=steel&period=year&year=2005

e=iron&period=year&year=2005

1% Excluding process energy consumption (coke consumption ~6 GJ/tonne pig iron)
1! Estimated based on pig iron and DRI for total steel production.
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Specific final energy

consumption (GJ/tonne | Estimated share of

crude steel)o scrap input'
Year 2003 2004
OECD North 10.0 62%
America
Latin America 20.6 0%
Africa 16.9 24%
Middle East 2.8 7%
China 15.1 0%
South Asia 15.2 0%
East Asia 10.5 62%
OECD pacific 7.3 30%
World 12.0 21%

Sources: 11S] statistical yearbook 2005 and IEA (2005)

The specific energy consumption differs per region, depending on energy efficiency
of the iron and steel plants and the amount of scrap versus pig iron or DRI input.
Table 7 shows best practice specific energy consumption for steel production.

Table 7 Best practice final energy consumption for iron and steel produc-

tion (Worrell, 1999 and Phylipsen et al, 1998)

Specific energy
Product consumption
(GIN

Basic Oxygen Furnace — pig iron input | 7%

Electric Arc Furnace — scrap input 2

The specific energy consumption for EAF steel from scrap input is lower than for
BOF steel. Increasing the amount of recycled steel is therefore also an energy sav-
ings option.

We assume that with implementing the three measures described above together with
increased recycling of steel, the specific final energy consumption for iron and steel
production can be reduced to an average of 6 GJ/tonne crude steel by 2050 in all
regions. This is based on 50% BOF steel and 50% EAF steel with scrap input and 1.5
GJ tonne crude steel for hot and cold rolling. For the Middle East we assume no

12 http://www.worldsteel.org/?action=stats&type=iron&period=year&year=2005
http://www.worldsteel.org/?action=stats&type=steel&period=year&year=2005
13 Including energy consumption blast furnace, excluding process energy consumption.
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energy savings since specific energy consumption is already (too) low, possibly due
to errors in the underlying data. For the Constraint scenario we assume that the
specific final energy consumption can be reduced to 7.5 GJ/tonne crude steel.

Table 5 shows the share of final energy consumption by the iron and steel sector in
total industry by region, for the year 2003. We assume that this share remains equal
in the period 2003-2050.

Table 8 Share final energy consumption iron and steel sector in industry

in base year 2003

Industry - Industry - Total

fuels electricity industry
OECD Europe 11% 12% 11%
OECD North Amer- 6% 6% 6%
ica
OECD Pacific 11% 17% 13%
China 23% 17% 22%
Latin America 16% 12% 15%
Africa 7% 11% 8%
Middle East 1% 4% 1%
Transition Econo- 19% 22% 20%
mies
East Asia 11% 0% 9%
South Asia 5% 8% 6%
World 12% 12% 12%

Source: IEA (2005)

Chemical industry

8. Membrane product separation

An important energy consuming step in the chemical industry is cryogenic, pressur-
ized product separation. An alternative to this is separation by membranes. A mem-
brane can be described as a selective barrier between two phases. This barrier is not
equally permeable for different components. A driving force, e.g. a (partial) pres-
sure difference, is applied over the membrane. The result is a separation of the feed
stream into two streams: the stream that flows through the membrane (permeate)
and the remaining stream (retentate). Unfortunately, membrane selectivity and
permeability are often inversely related. Membranes can be used for both liquid and
gas separation.
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The use of membranes for product separation reduces compression energy require-
ments by 50% and separation energy requirements by 80% (Phylipsen et al, 1999).
In total this corresponds to 35% of the overall energy consumption of an ethylene
plant.

Although membranes are used for a number of products, like the recovery of
hydrogen in refineries, it is not yet used for bulk chemicals. We assume that the use
of membranes can reduce fuel consumption in the chemical industry by 35% in 2050.
For the Constraint scenario we assume 20% in 2050.

Table 9 shows the share of fuel consumption by the chemical sector in fuel con-
sumption for the total industry by region, for the year 2003. We assume that this
share remains equal in the period 2003-2050.

Table 9 Share fuel consumption chemical sector in fuel consumption in-

dustry for base year 2003

Industry

- fuels
OECD Europe 19%
OECD North 24%
America
OECD Pacific 13%
China 23%
Latin America 13%
Africa 3%
Middle East 33%
Transition 18%
Economies
East Asia 12%
South Asia 13%
World 19%

Source: IEA (2005)

Other industries

9. Improved energy-efficiency other industries

We have specified specific measures for the aluminium industry, iron and steel and
the chemical industry. Other important industries, are non-metallic minerals (e.g.
cement and glass), paper and pulp, food and tobacco, machinery, textile and others.
Together these industries account for 64% of the total energy demand of industries
worldwide (see Figure 5).
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Wood and Wood
Products
2%
Transport
Textile and Equipment
Leather 2%
3%

Mining and Construction
Quarrying 2%
2%

Chemical and
Petrochemical

Machinery 17%
(1]

5%

Non-Ferrous
Metals
5%

Food and Tobacco
7%

Non-specified
Industry
22%

Paper, Pulp and
Printing
8%

Non-Metallic
Minerals

11% Iron and Steel

14%

Figure 5 Final energy demand for industry by sector in 2003 worldwide

Additional to the horizontal measures that are defined (efficient motor systems,
pinch analysis and improved process control), the energy-efficiency of the other in-
dustries can be further improved.

The opportunities for future energy-efficiency improvement for a number of indus-
trial sectors was analysed by De Beer (1998). It was found that the energy demand
could be reduced by more than 50% by the following measures:

e Using state-of-the-art processes

e More material-efficient product design

e Material and product recycling

A study by Blok (2005) showed that energy consumption for the pulp and paper in-
dustry could be reduced by 70% by applying best practice technologies. For ammo-
nia production and nitric acid production the amounts were found to be 35% and
40%, respectively. For cement manufacturing the energy savings potential is esti-
mated to be 75% (Sinton et al, 2002).

For the Ambitious scenario we assume the final energy demand in the other indus-
tries can be reduced by 50% in 2050. For the Constraint scenario we assume 30%.
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3.3 Transport fuels

Figure 6 shows a breakdown of the final energy demand for transport in 2050.

2050 World Transport Energy Use (188 EJ)

Water
7%

Air
18%
Cars
41%
Rail
3%

) 2-3 wheelers

Freight trucks / 204
26%

Buses

3%

Figure 6 Breakdown of final energy demand for transport in 2050

(IEA/SMP, 2004)

Road transport represents more than 70% of the total energy demand for transport
worldwide in 2050. In this study we look at reducing energy demand from passen-
ger cars, freight trucks and buses because these sectors consume most energy.

Figure 7 shows the share of passenger cars, freight trucks and buses in total energy
consumption for transport in 2050 by region.
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America

Figure 7 Passenger cars, freight trucks and buses in total energy con-
sumption by transport in 2050 (IEA/SMP, 2004)

1. Efficient passenger cars

Many technologies can be used to improve the fuel efficiency of passenger cars.
Examples are energy-efficiency improvements in engines, weight reduction and
friction and drag reduction.

The impact of the various measures on fuel efficiency can be substantial. Hybrid
vehicles, combining a conventional combustion engine with an electric engine,
have relatively low fuel consumption. The most well-known is the Toyota Prius,
which originally had a fuel efficiency of about 5 litre of gasoline-equivalent per 100
km (litre ge/100 km). Recently, Toyota presented an improved version with a lower
fuel consumption of 4.3 litre ge/100 km. Further developments are underway as
shown by the presentation of new concept cars by the main U.S. car manufacturers
in 2000 with specific fuel use as low as 3 litre ge/100 km. There are suggestions
that applying new light materials, in combination with the new propulsion tech-
nologies may bring fuel consumption levels down to 1 litre ge/100 km.

Table 10 shows an overview of best practice efficiencies now and in the future.
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Table 10 Efficiency of cars and new developments

(Blok, 2004)

Fuel consumption (liter | Source

0e/100 km)
Present average 10.5 IEA/SMP (2004)
Hybrids on the market | ~5 (1997) EPA (2003)
(medium-sized cars) 4.3 (2003)
Improved hybrids or fuel | 2-3 USCAR (2002)
cell cars (average car) Weiss et al (2000)
Ultralights 08 -1.6 Von Weizsdcker et al

(1998)

For this analysis we assume that the average energy consumption of passenger cars
can be reduced to 2 litre ge/100 km in 2050 for all regions. This can be achieved by
continuous efforts in innovation, so that cars consuming 1.5 — 2.5 litre ge/100 km
are on the market by 2030. For the energy savings potential in the Constraint sce-
nario we assume 4 litre ge/100 km. This reflects the tendency toward increased
sales of larger cars, that is currently visible in car markets in many countries. It is
expected in the Constraint scenario that this trend continues further.

Table 11 shows the specific fuel consumption in litre per 100 km for passenger cars
by region in 2000 and the estimated fuel consumption in 2050. The estimated en-
ergy savings from increasing the efficiency of passenger cars to 2 and 4 litre ge/100
km is indicated in the right-hand column.

Table 11 Specific fuel consumption by passenger cars in 2000 and esti-

mate for 2050 (IEA/SMP, 2004)

Region Fuel consumption (liter | Energy savings in 2050 (as % of en-
0e/100 km) ergy use passenger cars)
2000 2050 | Constraint Ambitious

OECD Europe 8.0 5.9 32% 66%
OECD North 11.5 10.0 60% 80%
America

OECD Pacific 10.6 7.5 47% 73%
Transition 10.3 8.4 52% 76%
Economies

China 11.4 8.5 53% 76%
East Asia 11.9 8.4 52% 76%
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Region Fuel consumption (liter | Energy savings in 2050 (as % of en-

0e/100 km) ergy use passenger cars)
2000 2050 | Constraint Ambitious
South Asia 11.2 8.2 51% 76%
Latin America 11.8 8.3 52% 76%
Africa 13.9 9.3 57% 78%
Middle East 12.0 8.3 52% 76%
World Average 105 8.5 53% 76%
(stock-weighted)

2. Efficient freight vehicles

Table 12 shows average fuel consumption of diesel freight trucks by region.

Fuel consumption for hybrid trucks can be as low as 3 to 4 liter ge/100 tonne-km.
For trucks with fuel cells, fuel consumption can be as low as 2 liter ge/100 tonne-
km (IEA/SMP, 2004). For the Ambitious scenario we assume an energy intensity of
3 liter ge/ 100 tonne-km in 2050. For the Constraint scenario we assume 4 liter ge/
100 tonne-km in 2050.

Table 12 Average energy intensity of diesel freight trucks (IEA/SMP,

2004)
Region Fuel consumption (li- | Energy savings in 2050 (as % of
ter ge/ 100 tonne-km) | energy use freight trucks)
2000 2050 | Constraint Ambitious

OECD Europe 7.0 5.1 22% 41%
OECD North 6.0 4.4 8% 31%
America

OECD Pacific 11.9 8.7 54% 66%
Transition Econo- 10.3 6.6 39% 55%
mies

China 11.2 7.2 45% 59%
East Asia 9.0 5.8 31% 48%
South Asia 10.4 6.7 41% 55%
Latin America 9.8 6.3 37% 53%
Africa 12.8 8.3 52% 64%
Middle East 12.0 7.7 48% 61%
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3. Buses

The share of buses, including mini-buses, is for most regions small and ranges from
1% in OECD North America to 7% in Africa in 2050. The energy savings for buses
are estimated to be similar to the energy savings possible for passenger cars al-
though slightly more conservative; 60% for the Ambitious scenario and 40% for the
Constraint scenario. Energy efficiency opportunities for buses are similar to those
for cars e.g. hybrid buses and ultra light buses.
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3.4 Other sectors

Figure 8 shows a breakdown of the final energy consumption of the sector “Oth-
ers”. The residential sector is the largest sector, consuming approximately 70% in
2003 worldwide, followed by the sector commercial and public services which con-
sumes approximately 20% worldwide. In this study we only look at reducing en-
ergy demand in the residential sector and in the sector commercial and public ser-
vices, because there are the sectors consuming most energy.

100% ﬁ

80%

60%

490+ ——t+H41 +——1 -t 1t 11111
20% -| O Non-specified Other
O Agriculture
@ Commercial and Public Services
O Residential
0% SR
OECD OECD OECD China Latin Africa Middle East Transition East Asia South Asia World
Europe North Pacific America Economies

America

Figure 8 Breakdown of final energy consumption of the sector “Others”

1. Efficient appliances

Appliances in households include wet appliances like washing machines, dish-
washers and clothes dryers, and brown appliances like TV and VCR, and refrigera-
tors. Implementation of the current best practice can save approximately 30% on
the average specific energy use of these appliances (Joosen and Blok, 2001). With
advanced technologies energy consumption of these appliances can be reduced by
80% (Cicero, 1997).

Typical office-appliances are computers, monitors, printers and photocopiers. Of-
fice-appliances account for one of the fastest growing end-users of electricity in the
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service sector. Computers are responsible for the largest part of the electricity con-
sumption. Electricity reduction can be achieved by power down management and
efficient computer systems (LCD screens, laptops). The specific energy use of of-
fice-appliances can be reduced by 50% - 75% through a combination of power
management and energy-efficient computer systems (Harmelink et al, 2003).

Blok (2005) shows that by increased efforts in innovation the energy consumption
of appliances can be reduced by 75% in 50 years in comparison to baseline energy
consumption.

For the Ambitious scenario we assume that the electricity consumption of appli-
ances in households and services can be reduced by 75% in 2050. For the Con-
straint scenario we assume 50%. Appliances in services and households account for
approximately 25% of the total electricity consumption of these sectors (WBCSD,
2005).

2. Efficient cooling

Introduction of current best practice cooling equipment could lead to a specific
electricity reduction of approximately 40%, compared to the current average level.
In case new techniques are used, such as vacuum insulation, specific energy sav-
ings by 80% can be achieved compared to the current average energy consumption
(Harmelink, 2003).

The energy consumption for air conditioning has become significant in the services
sector. Two tendencies are observed in the energy demand for cooling:

- Increase of the amount of equipment, causing higher cooling loads,

- Increased comfort demands, causing higher cooling loads.

When these tendencies are taken into consideration it is expected that there will be
an increased demand for cooling. There are generally two ways for energy conser-
vation in this area: reducing the need for cooling and improving the efficiency of
the cooling system. We assume that the electricity consumption for cooling can be
reduced by 60% in 2050 in comparison to reference energy demand. For the Con-
straint scenario we assume 30% in 2050 in comparison to reference energy demand.
Cooling consists of approximately 15% of the electricity consumption in the ser-
vices sector (WBCSD, 2005).
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3. Efficient lighting

Lighting accounts for approximately one third of the electricity consumption in
buildings (Munkejord, 2003). Energy savings options for lighting are e.g. Compact
Fluorescent Lights (CFLs) and Light Emitting Diodes (LEDs). CFLs are essentially
folded fluorescent tubes. Nowadays there is an extensive assortment in shape and
fitting. A CFL uses 60%-80% less energy compared to a standard light bulb, pro-
ducing the same amount of light (Harmelink et al, 2003). LEDs can be used for e.g.
street lighting and reduce electricity consumption by 50%.

Electricity consumption for lighting can be further reduced by a lighting control
system detecting occupancy of a room or operating daylight. This can reduce the
amount of burning hours.

The savings potential of for lighting is estimated to be 50% from 2010 onwards.
For the Constraint scenario we assume 30% from 2010 onwards.

4. Reduce stand-by losses

Several studies indicate that stand-by power losses are on average responsible for
5%-13% of the electricity use in households in OECD countries (Lebot et al, 2000).
Replacement of existing appliances with those appliances having the lowest stand-
by power losses would reduce standby power consumption by 70% (Harmelink et
al, 2003). For the Constraint scenario we assume 50%. We assume that this meas-
ure can be implemented by 2010. The share of stand-by power losses is assumed to
be 7% of the electricity consumption of households in 2050.

5. Improved heat insulation

Building design and heat insulation can save up to 80% of the average heat demand
for buildings (Cicero, 1997 and Kaan and De Boer, 2006).

Figure 9 shows fuel consumption for the residential sector and commercial and
public services per capita in 2003.
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Figure 9 Fuel consumption in residential and commercial and public ser-

vices in base year 2003 per capita (GJ/capita)

For the regions OECD North America, Transition Economies, OECD Europe and
OECD pacific, we assume that in 2050, the heat demand for buildings can be re-
duced by 40%, with a linear implementation up to 2050. For the Constraint sce-
nario we assume 20%.

For the regions Middle East, Africa, China, South Asia, East Asia and Latin Amer-
ica, we assume that in 2050, the heat demand for buildings can be reduced by 20%,
with a linear implementation up to 2050. For the Constraint scenario we assume
10%. We assume a more conservative estimate for these regions because the fuel
consumption per capita is relatively low. The energy savings potential for these re-
gions may be higher.

We apply this measure to the fuel consumption for residential and commercial and
public services.

6. Reduce electricity use during non-office hours

Offices are used approximately 2000 hours a year. In many cases, the electricity
consumption outside of office hours can be reduced substantially. Often ventilators,
computers, printers and faxes keep running or are in standby mode. In many cases a
number of lights are kept on at night. The electricity consumption outside of office
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hours is estimated by Harmelink et al (2005) to be 25%. By a few simple measures
this power consumption can be reduced by 90%.

7. Energy-efficiency improvement for agriculture
and non-specified others

4-18% of the energy demand in the sector Others is used for agriculture and in the
sub sector “non-specified others”. The energy demand mainly arises from electric-
ity consumption for equipment and energy consumption in buildings. We assume
that for these sub sectors similar energy savings can be realised as in households
and services. For the Ambitious scenario we assume an energy savings potential of
50% in comparison to reference energy demand. For the Constraint scenario we as-
sume an energy savings potential of 30% in comparison to reference energy de-
mand.
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4 Results

This chapter gives an overview of the low energy demand scenarios per region,
starting with the scenarios for the world as a whole.

The scenarios are used in an upcoming report by DLR. In this study a mix between

the Constraint scenario and the Ambitious scenarios is used. This is indicated by
DLR Alternative Scenario.
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4.1 World

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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>
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Figure 10 Reference scenarios and two low energy demand scenarios

Table 13 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 6% 14% 20% 25% 30%
Ambitious scenario 0% 10% 22% 32% 39% 47%
DLR Alternative Scenario 0% 8% 20% 29% 36% 42%

The two figures below show a breakdown of the energy savings by sector and by
measure.
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Figure 11 Energy savings per sector in 2050 for the two low energy de-

mand scenarios
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Figure 12 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.2 OECD North America

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 13 Reference scenarios and two low energy demand scenarios

Table 14 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 7% 15% 22% 28% 33%
Ambitious scenario 0% 10% 23% 34% 43% 51%
DLR Alternative Scenario | 0% 9% 21% 31% 39% 47%

The figure below shows a breakdown of the energy savings by measure.
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Figure 14 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.3 OECD Pacific

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 15 Reference scenarios and two low energy demand scenarios

Table 15 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 7% 15% 21% 26% 30%
Ambitious scenario 0% 11% 23% 33% 40% 47%
DLR Alternative Scenario | 0% 9% 20% 29% 36% 42%

The figure below shows a breakdown of the energy savings by measure.
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Figure 16 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.4 OECD Europe

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 17 Reference scenarios and two low energy demand scenarios

Table 16 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 6% 13% 18% 21% 25%
Ambitious scenario 0% 9% 21% 30% 37% 44%
DLR Alternative Scenario | 0% 8% 19% 27% 33% 40%

The figure below shows a breakdown of the energy savings by measure.
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Figure 18 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.5 Transition Economies

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 19 Reference scenarios and two low energy demand scenarios

Table 17 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 7% 15% 22% 27% 33%
Ambitious scenario 0% 10% 24% 35% 43% 52%
DLR Alternative Scenario 0% 9% 23% 33% 41% 49%

The figure below shows a breakdown of the energy savings by measure.
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Figure 20 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.6 China

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 21 Reference scenarios and two low energy demand scenarios

Table 18 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 7% 15% 21% 26% 31%
Ambitious scenario 0% 10% 22% 32% 39% 46%
DLR Alternative Scenario | 0% 9% 20% 28% 35% 41%

The figure below shows a breakdown of the energy savings by measure.
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Figure 22 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.7 East Asia

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 23 Reference scenarios and two low energy demand scenarios

Table 19 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 7% 14% 20% 24% 29%
Ambitious scenario 0% 10% 22% 31% 38% 45%
DLR Alternative Scenario 0% 9% 20% 28% 34% 40%

The figure below shows a breakdown of the energy savings by measure.
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Figure 24 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.8 South Asia

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 25 Reference scenarios and two low energy demand scenarios

Table 20 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 5% 12% 17% 22% 27%
Ambitious scenario 0% 8% 19% 28% 35% 43%
DLR Alternative Scenario 0% 7% 18% 26% 32% 39%

The figure below shows a breakdown of the energy savings by measure.
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Figure 26 Energy savings per measure in 2050 for the two low energy

demand scenarios

GLOBAL LOW ENERGY DEMAND SCENARIOS 2003-2050 AuGUST 2006 51



ECOFYS

4.9 Middle East

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 27 Reference scenarios and two low energy demand scenarios

Table 21 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 6% 14% 20% 24% 29%
Ambitious scenario 0% 9% 21% 30% 37% 45%
DLR Alternative Scenario 0% 8% 20% 28% 34% 41%

The figure below shows a breakdown of the energy savings by measure.
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Figure 28 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.10 Latin America

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 29 Reference scenarios and two low energy demand scenarios

Table 22 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 8% 16% 23% 28% 34%
Ambitious scenario 0% 11% 25% 35% 42% 50%
DLR Alternative Scenario 0% 10% 22% 31% 39% 46%

The figure below shows a breakdown of the energy savings by measure.
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Figure 30 Energy savings per measure in 2050 for the two low energy

demand scenarios
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4.11 Africa

The figure below shows the final energy demand (PJ) for the reference scenario and
the Constraint and Ambitious scenario in the period 2003-2050. The energy savings
resulting from the two scenarios is given per year in percentages in the table below.
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Figure 31 Reference scenarios and two low energy demand scenarios

Table 23 Energy savings in low energy demand scenarios in comparison

to reference scenario

Energy savings (%) 2003 2010 2020 2030 2040 2050
Constraint scenario 0% 5% 11% 16% 21% 25%
Ambitious scenario 0% 7% 17% 25% 32% 40%
DLR Alternative Scenario 0% 6% 16% 24% 30% 36%

The figure below shows a breakdown of the energy savings by measure.
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Figure 32 Energy savings per measure in 2050 for the two low energy

demand scenarios
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5 Conclusions

In this study we developed two low energy demand scenarios for the period 2003 to
2050 on a regional level. One is the Ambitious scenario, which is an ambitious en-
ergy efficiency scenario focusing on current best practice technologies and con-
tinuous efforts in innovation. The second scenario is the Constraint scenario with
more moderate energy savings taking into account implementation constraints of
technologies in terms of costs and other barriers.

In the Ambitious scenario the worldwide final energy demand reduces by 47% in
2050 in comparison to the reference energy demand. In the Constraint scenario the
energy demand reduces by 30% in 2050. The resulting worldwide final energy de-
mand is 295 EJ in 2050 in the Ambitious scenario and 388 EJ in the Constraint sce-
nario. The reference final energy demand in 2050 is 554 EJ and the energy demand
in the base year 2003 is 279 EJ worldwide.

The energy savings are fairly equal distributed over the three sectors industry (30%
of savings), transport (34% of savings) and others (36% of savings). The most im-
portant energy savings options are efficient passenger and freight transport and im-
proved heat insulation and buildings design, together accounting for 46% of the en-
ergy savings in the Ambitious scenario worldwide.

The energy savings per region in the Ambitious scenario range from 40% for Africa
to 51% for OECD North America in 2050. In the Constraint scenario the energy
savings range from 25% for Africa to 33% for OECD North America in 2050.
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