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Foreword

This study of measures to curb global warming linked with the energy supply in Germany is

presented by the Deutsche Physikalische Gesellschaft (DPG). The DPG and its working group on

energy (Arbeitskreis Energie) regularly inform themselves and the general public about issues

related to energy as a matter of public concern [1]. Ever since the early 1980s the DPG has

addressed itself with particular interest to the phenomenon known today as the “greenhouse

effect”, bringing it to public attention very early on [2]. Now, at a time when energy policies are

about to be reshaped by important new decisions, we would like to contribute to the public

discussion an overall assessment of emission-reduction options in Germany.

Therefore, the study has no sponsor. It differs in this respect from expert opinions on the climate

change issue that have been commissioned by the ministries of the environment and of

economics or by industrial groups.

The team of authors have been working on the study on a honorary basis since October 2004.

They have based their findings on existing investigation material and on lectures by experts who

have explained their special areas of expertise to the working group on energy. The study does

not, of course, have access to the resources of major institutes that are normally employed in

drawing up expert opinions, such as programmes for simulating complex processes, or extensive

databases. And naturally, it focuses more heavily on the physical and technical aspects of the

issue than on economic or political aspects.

The climate changes caused by man may to be the biggest environmental problem facing us this

century, and they are a global problem. There are some encouraging signs that this fact has been

acknowledged and that the international community of nations is seriously seeking solutions.

Germany’s scientific, technical and economic status places it in a position to play a leading role in

this quest. Much has been done already, but there is a great deal more still to be done. The

present study is intended as a guide in accomplishing this task.

Prof. Dr. Walter Blum

Head of the working group on energy at the Deutsche Physikalische Gesellschaft

Prof. Dr. Knut Urban

President of the Deutsche Physikalische Gesellschaft

[1], [2] Notes and references for the Foreword can be found after the introduction on page 3
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Summary:
Ten insights concerning climate change policy

1. The climate situation and the challenge it entails

Experts are unanimous in their opinion that the rise in the temperature of the atmosphere caused

by human activities must be limited to not more than two degrees Celsius if we are to avoid a

climate disaster. The first step that must be taken is to stabilise global greenhouse gas emissions,

then ultimately to bring them down to half of their 1990 level by the middle of the 21st century. To

achieve this goal, the industrialised countries, which alone account for half of all emissions, must

reduce their emissions far more drastically than they have done before now.

2. The goal of Germany’s climate change policy

Germany and Europe will have to make a decisive contribution to this mammoth task, not only by

reducing their own greenhouse gas emissions, but also by identifying ways of tackling the climate

problem. Since only 3-4% of global greenhouse gas emissions are produced by Germany, it is

clear that reducing German emissions will hardly improve the global climate. The intent and

purpose of German climate change policy can only be to make contributions that will encourage

the other players to join forces in undertaking the right measures. The ultimate justification for this

policy can thus be sought in Germany’s diplomatic, commercial, scientific and technological

status; its other objective is to identify and capitalise on new opportunities for export. Germany

can only convincingly assume its role in Europe and in international climate change policies if the

arguments that it puts forward and the performance it can be seen to deliver are not only rational,

but are perceived in the international arena as being worthy of imitation.

3. The study: time horizon, strategy

The present study examines the situation in Germany over two 15-year periods stretching from

1990 to 2020. It begins by looking back at the past 15 years: What has been achieved since

1990, the reference year for calculating the targeted reductions of greenhouse gases? Then the

study looks ahead at the next 15 years: What would be the result of continuing the present trend

until 2020, the year by which the German federal government hopes to achieve a 40% reduction

of greenhouse gas emissions, and what can the efforts already planned for this period (greater

use of renewable energy sources, modernisation of fossil-fired power plants, phase-out of nuclear

power plants) be expected to yield over and above this trend?
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4. Result of 15 years of climate change policy – the trend

Discounting the immediate effects of German reunification, the observed CO2 emissions for the

past 15 years display a uniform reduction of only 0.6% per year (a rate similar to that in the

United Kingdom, for example). Germany fell far short of its goal of reducing CO2 emissions by

25% by the year 2005, even though this goal had occupied a central role in German environment-

al policy for many years. In fact, it could only have been achieved with two and a half times the

reduction rate per year. This result is disappointing given that both industry and the government

have made tremendous efforts to reduce greenhouse gas emissions over the past 15 years. A

continuation of this trend would result in annual greenhouse gas emissions of 871 million metric

tons of CO2 equivalent in the year 2020, which would represent a 30% reduction rather than the

hoped-for 40%, compared with the baseline year 1990, (1,254 million metric tons CO2 equivalent).

5. Potential reduction over and above the present trend

The study goes on to examine which of the planned measures would be able to change this trend

by the year 2020. After discussing the potential for cutting consumption, which is in theory quite

high but cannot be expected to yield any further savings beyond the present trend, the study

examines the eight most important methods of producing consumer energy: high-efficiency fossil-

fired power plants, the renewables – photovoltaics, wind energy, biomass –, and then alternative

fuels, nuclear power, fossil-fired power plants with CO2 sequestration, and solar thermal power

plants in southern latitudes. Of all these options, the latter two cannot be expected to alter the

trend by 2020, as they will be unable to produce a sufficiently large quantity of electricity by that

time. For the other methods, the changes achieved over and above the present trend can be

estimated as follows (in millions of metric tons of CO2 per year): (a) Power from renewable

energies (mainly wind energy): reduction by 8 to 15, (b) modernising fossil-fired power plants and

doubling the proportion of electricity from gas to 32%: reduction by 23, (c) introducing alternative

fuels for road transport: reduction by 20, (d) switching off nuclear power plants and replacing

them by state-of-the-art fossil fuel power plants with a 40% proportion of gas: increase by 112.

6. CO2 emissions in 2020 with and without nuclear power

The overall effect of these measures in the year 2020 will be an annual increase of emissions by

54 to 61 million metric tons of CO2 over and above the trend if nuclear energy is phased out, or a

reduction of emissions by 51 to 58 million metric tons of CO2 if the nuclear power plants are kept

in operation. The value of 871 million metric tons of CO2 equivalent per year, obtained by

extrapolating the observations of the last 15 years through until 2020 is thus increased or

decreased by these amounts. Even in the most favourable case (nuclear power plants are kept in

operation, the expansion of renewable energies is pursued to maximum effect), Germany will still

be more than 60 million metric tons of CO2 equivalent short of its target of “minus 40% by 2020”.

If the nuclear power plants are closed down, the result of 30 years’ “climate protection” would add

up to no more than a 26% reduction compared to the baseline level in 1990.
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7. Future energy policies need a broad base

In order to achieve a better performance in terms of reducing emissions, German energy policy

must spread its options as broadly as possible. It is important to have a choice of various options

because we cannot know in advance what the ultimate economic and technical outcome of any

specific option will be, so we need alternatives. The study first underlines the importance of

processes for CO2 sequestration at fossil-fired power plants. This option is already an integral ele-

ment of Germany’s energy policy. After this, the study focuses particularly on two further options

that are not yet commonly recognised as instruments of German energy policy: the continued use of

nuclear power plants and the construction of solar thermal power plants in southern latitudes.

8. Plea for the continued use of nuclear power

As shown above, the measure that will have by far the greatest impact on the present trend is the

planned closure of nuclear power plants. Even the sum of all other individual measures is unable

to compensate for this (by a factor of two). Whilst originally we had hoped to have sufficient

leeway to compensate for the loss of CO2-free electricity derived from nuclear power, today we

are forced to realise that such an equation will not balance out. Instead, what we must do is to

prolong the phase-out plans over a realistic period of time commensurate with the reduction of

CO2 emissions. This applies regardless whether nuclear power is revived or completely phased

out. To shut down these power plants according to plan would make nonsense of all the efforts

made so far to reduce CO2 emissions.

9. Plea for solar thermal power plants in southern latitudes

Seen from a physical and technical point of view, there can be no doubt that solar thermal power

plants in southern latitudes represent one of the best options for supplying the requisite large

quantities of CO2-free electricity. The relevant research and development activities have been in

progress for about 25 years, and have reached a stage where it is time to energetically pursue

their commercialisation. The Deutsche Physikalische Gesellschaft appeals to all the parties

involved – industry, energy providers and the appropriate government bodies – to do everything

in their power to promote the launch of the outlined programme to create a market for solar

thermal power plants in the Earth’s equatorial sun belt.

10. We can justifiably hope for new inventions

Providing incentives that will encourage successful research and creating the appropriate

research infrastructure must also be seen as a valuable investment towards finding solutions to

global warming.
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0 Introduction

Man’s contribution to global warming is no longer merely a scientific hypothesis but an

established fact. A topic of public controversy since the early 1980s, the climate change has

meanwhile been well enough understood to establish a satisfactory correlation between the

theory and the measured data, and to explain these data correctly. The changes caused by

man are beginning to show. It is a proven fact that the concentration of greenhouse gases

(CO2, CH4, N2O, HFC, CF4, C2F6 etc.) in the atmosphere has rapidly increased due to man’s

industrial activities, and that these gases have heated the atmosphere and will continue to do

so for many more decades due to their long average atmospheric lifetime [1].

The United Nations Framework Convention on Climate Change, which entered into force in

1994, and the Kyoto Protocol, which was ratified in 1997 and took effect in 2005, are

international treaties for a coordinated global approach targeted at first stabilising annual

emissions of greenhouse gases then cutting them to half of their 1990 levels by the middle

of the 21st century. This is probably the only way in which the global warming [2]

anticipated for the end of this century can be restricted to two degrees Celsius – the

generally accepted upper limit at which the flora and fauna will still be able to adapt to the

climate change through evolution. Attaining or exceeding this level of global warming will

cause considerable damage to humanity [3], and this damage must be curbed as far as

possible by adopting a responsible climate policy [4].

Efforts to halve the annual global emission of greenhouse gases by the middle of this

century must make allowances for the fact that the world’s nations are at different stages of

technological and economic development. Those at the beginning or in the middle of their

development will initially produce increased emissions, even if they take the climate problem

fully into consideration. This is a natural consequence of the basic right to equal treatment for

all peoples and of the expected population explosion. The German parliament’s Enquete-

Kommission has estimated [6] that if the world as a whole is to halve its emissions, the

industrialised countries – which alone account for half of all emissions worldwide – will

actually have to cut their emissions by 80% before the middle of the century. Although global

climate policies have not yet achieved universal recognition of such stringent global

commitments, it is important not to lose sight of this long-term goal. The immediate targets of

the industrialised countries are not quite so radical at present, but nonetheless extremely

demanding.

Germany and Europe must assume a fair share of this monumental task, not only by

reducing their own greenhouse gas emissions and pursuing an active international climate

policy, but also by identifying ways of addressing the challenges posed by the climate

problem. This means that in Germany, too, techniques for saving energy and improving

efficiency must be promoted. Innovative methods of energy conversion must be developed,

with the focus until 2020 being placed on renewable energy sources and CO2

sequestration. The time likely to elapse before these methods become effective in reducing

CO2 emissions is one of the main topics of the present investigation. Evidently, the timeline

has tended to be greatly underestimated.
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CO2 – the core problem of greenhouse gas emissions

We need to differentiate between the various greenhouse gases, as they not only have a very

different impact on global warming, but are also discharged in dissimilar quantities.

Moreover, they originate from a wide variety of sources. The list in Table 0-1 below makes

allowances for the different impact of these gases (Global Warming Potentials [7]), factoring

in the relevant figures for Germany in 1990 as published in the National Climate Protection

Programme document [8]. The year 1990 is the baseline from which the reductions are

going to be calculated.

Greenhouse gas Source Quantities Share

Carbon dioxide CO2 Almost entirely from the combustion of fossil fuels 1,014.500 Mt 83.9%

Methane CH4

From animal husbandry (34%), waste disposal sites (34%),
coal extraction (22%), gas production and transport (6%),

other sources (4%)

5.571 Mt 9.7%

Nitrous oxide N2O
From industrial processes (40%), agriculture (40%), traffic
and other energy conversion methods (20%)

0.225 Mt 5.7%

All other Kyoto gases about 0.7%

Table 0-1: Source of German emissions and quantities in megatons (Mt)
in 1990, and their share in global warming

It is extremely difficult to reduce emissions of these substances to only fractions of their initial

values on a permanent basis, as this necessitates interfering with well-established running

processes. Experience has shown [8] that carbon dioxide is, comparatively speaking, the

most difficult emission to reduce. This is hardly surprising, given that the bulk of our energy

supply and most of our traffic relies on the combustion of fossil fuels. Climate problems thus

affect energy policies.

The 1990 baseline from which the required reductions are calculated – on an international

as well as a domestic scale –, and in which Germany released about a billion metric tons of

carbon dioxide into the atmosphere, is now 15 years behind us. Since then, industry and the

government have undertaken tremendous efforts to reduce emissions of greenhouse gases.

The government has set national goals for emission reductions and has accepted emission

limitations vis à vis the EU. This study analyses the progress made during these past 15

years and interprets it with regard to the future.

Just as important as the emission reductions already accomplished are those that must yet be

achieved, for we still have a long way to go. In this investigation, as our time-scale for

forecasting the future situation, we have selected the same period of time: a further 15 years.

This is the period during which numerous of the measures so far undertaken will begin to

take effect. 2020 is the year to which the next Kyoto commitment will probably relate. It is a

little easier to survey the next 15 years than any longer periods of time, in that elaborate

plans exist for the development of that most important of all renewable energy sources,

wind energy. In addition, the funds approved under the Renewable Energy Sources Act are

available throughout this period of time. And finally, this is also the approximate period

within which the nuclear power plants are scheduled to be closed down under the

provisions of the Atomic Energy Act amended in 2004.
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For all of these reasons, the study covers a timescale of approximately 30 years extending

from 1990 to about 2020. After that, new instruments of CO2-free energy production will

come into play. Besides the solar thermal power plants discussed in a later chapter, the

most important of these is nuclear fusion. This is the subject of a clearly outlined

development programme for a fusion power plant to supply electricity. The recent decision

to build ITER [9] shows that the world’s industrialised countries have resolved to collaborate

in developing this very promising source of energy.

Notes and references for the Foreword

[1] Memorandum 1995: Zukünftige klimaverträgliche Energienutzung and politischer Handlungsbedarf zur

Markteinführung neuer emissionsmindernder Techniken, a statement by the Deutsche Physikalische Ge-

sellschaft, March 1995. The energy lectures held at the major annual physics conferences are published as

leaflets (obtainable from DPG, Bad Honnef, or from the publishers, Blum and Keilhacker); they can also be

downloaded from http://DPG-Fachgremien.de/AKE/index.html, which also offers papers from the energy

seminars that take place twice a year.

[2] Warnung vor weltweiten drohenden Klimaänderungen durch den Menschen, gemeinsamer Aufruf der DPG

und der DMG, Physikalische Blätter 43 (1987) p. 347

Notes and references for the Introduction

[1] IPCC 2001: Climate Change 2001, The Scientific Basis, Contribution of Working Group 1 to the Third As-

sessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge,

UK, and New York, NY, USA

[2] Long-term average air temperature close to the ground in the northern hemisphere

[3] For an assessment of the impact of climate change, see for instance IPCC 2001, Technical Summary F and

chapter 9 ff. A good portrayal can also be found in the pamphlet on Globaler Klimawandel issued by

Germanwatch, Bonn, Berlin (no date)

[4] For comparison purposes: At the glacial maximum of the last ice age roughly 18,000 years ago (the Würm or

Weichsel glaciation), the Earth was [2] 4 or 5 degrees Celsius colder than it is now (the reverse situation to the

man-made climate disaster threatening us today), the Earth’s ice cover was tripled by comparison with today,

and the sea level was about 135 m lower [5].

[5] See for example: C. Schönwiese, Klimaänderungen, Springer-Verlag, Berlin, Heidelberg, New York, 1995

[6] See for example: Mehr Zukunft für die Erde, final report of the Enquete-Kommission into Schutz der

Erdatmosphäre on behalf of the 12th German parliament, part B, chapter 4. Economia-Verlag, Bonn 1995

[7] IPCC 2001, p. 47

[8] National Climate Protection Programme of 18 October 2000, 5th report of the inter-ministerial working group on 

CO2 reduction

[9] ITER: International Thermonuclear Experimental Reactor
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