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1 Executive Summary
In autumn 2013 and spring 2014, the Intergovernmental Panel on Climate Change (IPCC) submitted
the first three sub-reports of its fifth major progress report. In this, the IPCC reported on the
scientific state of the art in the top three sets of problems of human-made climate change. In the
sub-report Working Group I of the IPCC, the findings from the field of physical climate science are
summarised (IPCC 2013), which showcase how strongly humankind alters global climate through the
emission of greenhouse gases. The sub-report by Working Group II of the IPCC demonstrates the
most recent findings on the impact of human-made climate change in relation to the multi-faceted
areas of life and the various regions of the world, as well as highlighting the opportunities to soften
the impact of climate change through targeted adaptive measures. The sub-report by Working Group
III summarises the latest level of knowledge about the options to avoid the most incisive
consequences of climate change by means of more or less drastic reductions of human-made
greenhouse gas emissions (IPCC 2014a). In autumn 2014, the summary of all three sub-reports was
passed by the plenary of the IPCC in a so-called synthesis report.
The quintessence of the new IPCC report is to indicate that humankind is rapidly approaching the
“point of no return”, after which it will become almost impossible to limit climate change through
adaptive measures far enough to yet avoid catastrophic consequences (IPCC 2013, p. 19). The report
thus underlines the pressing need for a drastic, global decrease of human-made greenhouse gas
emissions (IPCC 2013, p. 27f).

1.1 The Issue
Although the authors of the three sub-reports make a sincere effort to collate and demonstrate in a
focused manner the scientific state of the art pertaining to their sub-question, the presented overall
picture becomes skewed in a major way because of a fundamental omission: The economic costs of
neglecting ambitious climate protection are not described. This leaning results from the content
structure which was determined by the IPCC for the three sub-reports. While the report of Working
Group III discusses and illustrates the costs of the different strategies for mitigating greenhouse gas
emissions, and Working Group II also covers the adaptive measures pertaining to climate change in
detail, the benefit of climate protection by means of avoiding the grave consequences of climate
change is usually treated by Working Group II only by discussing qualitative aspects or quantifying
physical effects. Indications which scale economic damage would reach, if climate change is not
detained, are rarely found in the over one thousand pages of the report by Working Group II. Similar
to the fourth progress report of the IPCC, the impression is easily gained that climate protection costs
“X” percent of growth, that the adaptation to climate change leads to high economic costs and that
these costs markedly surpass the not further specified benefits of climate protection. This impression
is definitely false and should result under no circumstances, since it can lead to the situation that
politicians do not decisively act to inhibit climate change and, furthermore, that substantial parts of
the public cannot be convinced of the necessity of climate protection.
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1.2 Goal of this Discussion paper
This discussion paper aims to indicate that it is possible, in spite of the considerable uncertainties in
the monetary estimation of the benefits of climate protection (and of the potential or averted costs
respectively), to outline these and contrast them with the costs of climate protection.
In this, it will not be disregarded that such a monetisation of the benefits of climate protection
cannot include many of the qualitative aspects of the information on the subsequent damage of
climate change which have been collected by the IPCC. Furthermore, it should be noted that in a
monetisation of this damage, social value judgements are unavoidably included. This can lead to a
wide range of monetary valuations for one and the same damage type, or for the same number of
human casualties in developing or industrialised countries respectively.
Thus, the economic assessment of the expected losses from climate change massively depends on
which systemic delimitation is being made in the analysis (for instance, whether only increased grain
prices or also the victims of famine are rated); if – and to which extent – future casualties are
“discounted” and devalued in contrast to contemporary casualties; it is also very relevant whether
those affected in developing countries – for example according to their purchasing power – are rated
as a smaller loss than those in industrialised countries. Since neither the general public, nor the
active politicians, process complex qualitative information about climate change and compare it with
basic monetary results, a monetary valuation of possible climate damage is nonetheless necessary.
That ambitious climate protection, which avoids the most serious consequences of climate change, is
economically sensible, only becomes clear in a direct comparison of the costs of climate protection
with the costs of climate damage which are avoidable by means of these climate protection
measures. A direct monetary comparison very clearly demonstrates that a loss of a few percent of
economic growth because of the expenditure for climate protection is contrasted with a significantly
higher benefit resulting from prevented climate damage.

1.3 Findings of the Study
This study demonstrates that, given agreement on fundamental value judgements, it is possible to
assess the monetary benefit of decisive climate protection equally well as the costs of the required
measures for climate protection. For Germany, a scientifically well-founded proposal on agreeing
about such essential value judgements exists with the methodological convention for the assessment
of external environmental costs (UBA 2012). This integrates the prevailing convictions in the German
and West European societies with the principle of equality of the UN Convention on Human Rights –
every human is valued equally – and deduces resulting costs for climate damage from uninhibited
climate change. For the year 2050, the Umweltbundesamt (UBA1) arrives at a mean value of 260
€2010/tCO2eq, while the developing costs for climate damage up until the shorter deadline in 2030 are
estimated at approximately 145 €2010/tCO2eq (UBA 2014, p. 7).
Based on the monetary value suggested by the Umweltbundesamt and on the statements by the
IPCC about expected greenhouse gas emissions for the year 2050 after uninhibited development
(RCP8.5), ambitious climate protection which meets the two-degree limit (according to the scenario
RCP2.6) can prevent climate damage costs of approx. 16 Trillion Euro. According to the statements by
1

The “Federal Environmental Agency of Germany”, which is the equivalent of the American EPA.
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Working Group III of the IPCC, such an ambitious climate protection strategy would cost circa 5
Trillion Euro (calculated from the IPCC’s specifications, IPCC 2014a, p. 47).
As figure 1 indicates, the costs for pervasive climate protection specified by Working Group III of the
IPCC are subject to an economic development which is based on an expected Global Gross National
Product (GGNP) for the year 2050 without any climate change of approx. 154 Trillion Euro. Due to the
necessary climate protection measures for meeting the two-degree limit, this hypothetical Global
Gross National Product would be reduced to approx. 149 Trillion Euro. If, however, these climate
protection measures are foregone as a consequence of the resultant climate damage, the GGNP is
reduced to almost 138 Trillion Euro. If it is additionally taken into consideration that without the
climate protection measures significant additional damage results, particularly due to the emission of
air contaminants, without climate protection, a further 6 Trillion Euro have to be expected as further
environmental and health costs. Hence, the GGNP without climate protection would reach only 132
Trillion Euro for 2050 and thus would be more than 10 % under the GGNP with consistent climate
protection. In this, an eventual increase of the Gross National Product because of the repair of
climate damage is included.
From the perspective of European values and on the basis of the values of the UN Convention on
Human Rights about equality and justice, pervasive climate protection is urgently recommended
from an economic point of view as well, since its benefit can exceed the costs by the year 2050 in
triplicate.

Figure 1:

Development of the Global Gross National Product with and without climate
protection (own calculation on the basis of the IPCC 2014a and UBA 2012)
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Meeting the two-degree limit, particularly in order to avoid the catastrophic consequences of
human-made climate change, requires quick and decisive action. Effective climate protection
specifically calls for a fundamental transformation of three subareas of our economic framework: in
the area of development strategies of fast-growing mega-cities, in the area of land-use and
particularly in the area of energy supply. This transformation, which is developed in the reports by
the Global Commission on the Economy and Climate (2014) and the Scientific Advisory Board on
Global Environmental Change of the Federal Government of Germany, leads to significant positive
economic effects and can become a driver for climate-friendly growth over the next decades.
Decisive climate protection is not only profitable, but can also become a key factor for growth in the
future. Rigorous climate protection is surely one of the most beneficial investments into our future.

1.4 Recommendations
From the results of the study it can be concluded that, aside from humanitarian and moral reasons,
economic reasons also make it highly commendable to implement a decisive climate protection
strategy as quickly as possible, in order to avoid extreme economic damage and to ensure to meet
the two-degree limit adopted by the global community. The scenario RCP2.6, which was developed
by the IPCC and specifies a budget for global emissions and the connected possible amounts of
emissions until the year 2100 of about 290 Gt Ceq (IPCC 2013, p. 103), can and should be the
foundation for all further environmental policy. This has to be the benchmark for the projected
climate treaty in Paris and the hoped-for mobilization of environmental policy in the coming years –
even if this initially will proceed from the self-commitment of the countries.
In light of this background, it becomes imperative to take effective measures for a drastic reduction
of greenhouse gas emissions as soon as possible, and to utilize the economic and technological
opportunities which present themselves for a fundamental transformation of the global economy, in
order to bring the necessary reductions of emissions in line with the economic growth needed by
many countries. Particularly the area of energy efficiency and the transition to a renewable supply of
energy present many opportunities which offer great potential to reduce emissions and to
subsequently reduce the damage caused by climate change and its adherent costs as well. An EU
policy which is geared towards human rights and the principles essential in the EU would take the
required measures by itself and increase the mobilization in other countries and regions through
intelligent policies.
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2 Findings of the IPCC about the Cost of Climate Protection
The core of the following section summarises which costs the IPCC derives for climate protection and
the adaptation to climate change in its 5th Assessment Report (AR5) for climate protection and the
adaptation to climate change. In addition, this section reflects on how the AR5 discusses foreseeable
climate damage.

2.1 The Emission Scenarios used by the IPCC
The IPCC assumes (cf. IPCC 2014a, p. 19) that the atmospheric concentration of greenhouse gases,
which was 400 ppm CO2eq in 2010, would, without climate protection measures, climb to over 450
ppm by the year 2030 and to between 750 and over 1300 ppm CO2eq by the year 2100. This means
that the cumulative greenhouse gas emissions from 2010 onwards until the year 2030 will be at over
700 Billion tons (Gt CO2eq), until 2050 at over 1.500 Gt CO2eq and until 2100 at markedly over 4.000 Gt
CO2eq (IPCC 2014a, S. 19). This emissions development would lead to a temperature increase of 4-5 °C
more than pre-industrial levels until the year 2100 (cf. table 1 below).
In order to systematically examine the consequences of different, future developments of
greenhouse gas emissions, the IPCC has defined a set of emission scenarios, which form the basis of
all analyses of the 5th progress report. These so-called “representative concentration pathways” (or
RCPs) are termed after the energy increase in the climate system (radiative forcing) in W/m² of the
earth’s surface, which will be caused until the year 2100 when compared to the level before the
industrial revolution. Until 2010, the human-made increase amounted to approx. 2,3W/m² (cf. IPCC
2013, p. 12). The scenarios that have been examined range from RCP 2.6 to RCP 8.5. These scenarios
correspond to greenhouse gas emissions of between 450 to over 1.000 ppm CO2eq. Table 1 from the
report by Working Group III of the IPCC shows which temperature increases will be effected by
different scenarios with a certain probability until the end of the 21st century.
In order to avoid the drastic consequences of climate change, experts usually assume that the
temperature increase compared to the pre-industrial level needs to be limited to approx. 2 °C. Since
these consequences are comprised of hundreds of different effects, the IPCC employs a diagram
which demonstrates how, in connection with the global temperature change, the damage increases
in different areas (cf. figure 2). Just from this diagram alone can be concluded that, starting with an
increase of approx. 2°C, drastic consequential damage from climate change has to be expected.
Simultaneously, the illustration shows through the scenarios RCP2.6 and RCP8.5, how dramatically
different the consequences will be until the end of this century, by contrast of a development
without climate protection measures (RCP8.5) compared to a decisive climate protection policy
(RCP2.6). The development illustrated in RCP8.5 also demonstrates that the temperature at such a
development would not become stable at a solid plus of 4 °C, but continue to climb precariously. In
contrast to this, a development according to securing RCP2.6 would already lead to an end of the
temperature increase around the middle of the century.
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Table 1:

The most important features of the scenarios by the IPCC with regard to greenhouse gas
concentration levels (IPCC 2014a, p. 54)
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Figure 2:

Damage graph by the IPCC, possible temperature development and the probability of
severe damage in five different damage areas (IPCC 2014, p. 13)

Additionally, Working Group II demonstrates in its report how big individual risks develop in relation
to a temperature increase until the end of the century. From the example given in figure 3, it can be
clearly inferred that these risks will reach considerable dimensions at a temperature increase of
markedly more than 2 °C; and that they cannot be alleviated by adaptive measures.
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Figure 3:

Development of key risks of climate change until the end of the 21st century in
relation with the temperature changes that are caused (excerpt from IPCC 2014, p.
64, table TS.4)
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2.2 The Cost of Reducing Greenhouse Gas Emissions
The IPCC predominantly quantifies the costs of climate protection in the report by Working Group III.
The Working Group explicitly points out that the estimated costs do not include the benefits of
climate protection gained from mitigation: “Further, these costs do not capture the benefits of
reducing climate change impacts through mitigation” (IPCC 2014a, p. 59).
Since the results of different models for measuring climate protection costs often vary significantly,
the IPCC specifies ranges for these costs. In each instance, it is measured by how much higher the
costs are in contrast to a baseline development without climate protection measures. Here, the costs
for pervasive climate protection measures under scenario RCP2.6, pertaining to a greenhouse gas
concentration of 430–480 ppm CO2eq in the years 2030, 2050 and 2100, is much higher than the costs
for very moderate climate protection strategies, which merely ensure a greenhouse gas
concentration of 650–720 ppm CO2eq (RCP4.5 upper bracket, cf. table 1), or the costs of a strategy
without mitigation (e.g. as in RCP8.5).
The cost for climate protection is measured in different models on different scales (metrics). Hence,
the IPCC calculates the costs in three different metrics (reduction of the Gross Domestic Product
(GDP), reduction of possible consumption and mitigation costs). These are each expressed as a
percentage of the GDP of the reference year. Figure 4 shows the reduction of consumption, in
contrast to the base scenario without climate protection, in five different climate protection
scenarios.

Figure 4:

Cost for climate protection for different settings measured as a percentile of reduced
consumption without climate protection (IPCC 2014a, p. 450). The figures below the
bars give the numbers of the scenarios included in each case. The figures at the top
of the bars show the number of scenarios outside of the specified range.
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Scenarios which lead to a limitation of the greenhouse gas concentration within a range of 430–480
ppm CO2eq, and thus offer a very good chance (66–100 %) to limit the temperature increase until
2100 to less than 2 °C, lead to a reduction of possible consumption of around 1–4 % until the year
2030, until 2050 around 2–6% and until 2100 around 3–11 % (IPCC 2014a, p.449). The mean values
for these years are, respectively, ca. 1,8 %, 3,35 % and 4,8 % of the respective consumption.
The decrease of the Gross Domestic Product is on a very similar scale to this, which figure 5 shows.
The numbers are not wholly comparable, since this is not an exact match of statistical populations of
models and scenarios.

Figure 5:

Cost for climate protection for different settings measured as a percentile of a
reduced Gross Domestic Product without climate protection (IPCC 2014a, p. 450).
The figures below the bars give the numbers of the scenarios included in each case.
The figures at the top of the bars show the number of scenarios outside of the
specified range.

For an aggregation of the climate protection costs over the complete timeframe from 2015–2100,
and a discount of 5% to a standardized cash value by the authors of the IPCC-report, it becomes
evident that the percentage reductions in the domain of consumption are very similar to the
reductions in the domain of the Gross Domestic Product, whereas the pure (rather technically
estimated) avoidance costs for emissions are situated at less than a half of those costs which also
include the economic costs of climate protection measures induced by higher production costs and
displaced consumption (compare figure 6 below). The authors of the IPCC report indicate that the
models used for the calculation of the decrease of consumption assume that the overall
consumption for the base case will grow at a coefficient of 2 to 4,5 until the year 2050 and at a
coefficient of 4 to 10 until the year 2100. The decreased consumption until the year 2050 of 2 to 6 %
is thus subsumed under a consumption which has grown by a total 200 to 450 %, which incisive
climate protection measures that ensure the two-degree limit reduce to ca. (200% - 2% =) 198 % to
(450% - 6% =) 444 % (own calculations on the basis of the data by the IPCC 2014a, p. 449).
- 11 -
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Figure 6:

Comparision of cumulative climate protection costs (cash value with a discount
interest rate of 5 %) measured as consumption reduction, reduction of the GDP and
as emissions reduction costs (IPCC 2014a, p. 450)

As figure 7 illustrates, the report by Working Group III gives the impression that decisive climate
protection (with a stabilization concentration of 430–480 ppm CO2eq) causes high economic costs and
a moderate climate protection (650–720 ppm CO2eq) leads to much lower costs, since only the
additional costs for climate protection and how they diminish the Global Gross National Product are
calculated. If the medium assumptions for the calculations are used, the Global Gross National
Product without climate protection measures (RCP8.5) grows from 47.7 Trillion Euro2010 in 2010 to
some 154 Trillion Euro2010 in 2050. This value is suggested by the result graphics which are reported
by the IPCC in figure 6 for a development without climate protection according to the scenario
RCP8.5. Even the written remark in the text that this value does exclude the climate damage costs
which possibly develop, does not alter the visually induced impression.
The calculated development of the Global Gross National Product without climate protection is
contrasted with the costs of a decisive climate protection which limits the greenhouse gas
concentration to 430–480 ppm CO2eq. If, once again, the medium assumptions of the IPCC are used to
indicate these climate protection costs for 2050, the Gross National Product is diminished by 5.1
Trillion Euro2010 to 149 Trillion Euro2010 in 2050. Figure 7 illustrates this development.
In order to deliver a complete picture of the costs and benefits of climate protection, the climate
damage costs resulting from an omission of climate protection need to be indicated. As ordered,
Working Group III of the IPCC does not provide this comparison, since the international community in
the IPCC plenary allocated the assessment of climate change impacts to Working Group II.

- 12 -

The Benefit of Climate Protection
Why the 5th Progress Report of the IPCC falls short
Figure 7:

Development of the Global Gross National Product until 2050 with (RCP2.6) and
without climate protection measures (RCP8.5) according to IPCC 2014a (own
calculations on the basis of IPCC Working Group III 2014)
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2.3 The Cost of Adapting to Climate Change
The chapter of the report by Working Group II of the IPCC on the question of assessing the economic
aspect of the measures to adapt to climate change (IPCC 2014, p. 944–966), collates the findings of
diverse studies, which usually consider a timescale until 2050. As table 2 demonstrates, the given,
yearly adaptive costs in 2050 range between magnitudes of 28 to 109 Billion US Dollars per year.
Table 2:

Overview of the results of different studies on climate change adaptation costs with a
timescale until 2050 (IPCC 2014, p. 959)

Even if the studies by the UNFCCC and the World Bank arrive at similar overall results, the estimated
costs for the reviewed subsectors differ dramatically, as figure 8 shows.
On the one hand, the authors of Working Group II of the IPCC note that the estimations for adaptive
costs so far are still rather preliminary, but they also point out that, until 2050, a very high demand
for financial transfers into developing countries will exist. This demand, at ca. 70–100 Billion Dollars
per year, exceeds current international endowment funds in the climate protection sector by orders
of magnitude. In contrast to the climate protection costs of ca. 5 Billion Euro2010 in 2050, which are
given by Working Group III, these numbers still appear to be rather modest in nature.
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Figure 8:

Comparison of the sectoral findings of the World Bank and the UNFCCC about the
climate adaptation costs in developing countries in 2050 (IPCC 2014, p. 960)

2.4 Monetized Benefits of Climate Protection
In the report of Working Group II of the IPCC, the authors retreat to the position that honouring the
damage through climate change needs to exceed an economic valuation. They develop strategies for
decision support which aim to aid complex decisions under uncertainty (cf. IPCC 2014, p. 195–217).
In respect to possible damage costs, the report only sporadically states figures. In the summary for
political decision makers, a section surfaces which is specifically marked as an incomplete estimation.
This section enumerates the possible damage for an increase of global temperature by 2 °C to 0.2–2
% of the (presumably global) income (IPCC 2014, p. 19). It is specifically highlighted that these
numbers are not reliable, omit a multitude of important damage types and that they are based on
contested assumptions. The report by Working Group II declines to deliver figures which are
comparable to the costs of climate protection given by Working Group III (cf. IPCC 2014a, p. 450). On
the other hand, the report by Working Group II does indeed offer particulars about the costs of
possible adaptive strategies (IPCC 2014, p. 959f).
Even if the basic assumption and approach of the authors of Working Group II in principle has to be
endorsed because of the difficult data situation and the necessary value judgements, the approach
still leads to the situation that, on the one hand, the individual IPCC reports present high costs for
climate protection, whereas, on the other hand, they assume extremely low damage costs, which are
- 15 -
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situated far below the costs which decisive climate protection can mitigate. In spite of all good
intentions to capture and describe the consequences of climate change in its various qualitative
dimensions, for the general public this results in the impression that climate protection above all
costs a lot of money and growth. Particularly from the presentation in the report by Working Group
III (cf. IPCC 2014a, p. 450), without even considering the economic consequences of climate change,
politicians gain the impression that a “light” version of climate protection potentially avoids severe
drawbacks in growth. Observers need to laboriously extract damage costs from the figures which are
scattered throughout the report by Working Group II, since climate damage costs are neither
systematically reported for all individual, examined sectors, nor presented in relation to the relevant
emission scenarios in the summary overview. Even by detective piecemeal work, only a rather
random and small range of the costs can be compiled.
Mostly, scattered statements for monetarily assessed, individual incidences of damage can be found.
These statements are often based on single studies, and, on the whole, the impression arises that the
Working Group avoids to suggest a unified procedure for estimating the monetized damage costs. It
is notable that one of the coordinating lead authors of chapter 10 (“Key Economic Sectors and
Services”), which handles the question of monetized damage, is Richard Tol. For years, Tol has been
known to attempt to minimize the calculated damage costs of climate change. It has been proven
that his own work contains grave scientific errors which lead to a severe underestimation of climate
damage costs (cf. Nestle 2010, p. 61ff). It is striking that the study, in which these systematic
misjudgments have been proven, is neither quoted by the IPCC report nor contained in the database
for the studies about climate damage costs, which the report relies upon (cf. 2014, p. 690). Similarly,
one of the groundbreaking studies in this field does neither emerge in the report nor database. The
paper, published by the UBA, offers a systematic way to estimate climate damage costs on the basis
of a process that meets broad scientific consensus (UBA 2007 and 2012).
The only halfway usable document for a systematic quantification of climate damage costs in the
whole report by Working Group II is a table (IPCC 2014, p. 691; cf. table 3), which summarises the
results of a relatively large number of different studies and which states the variance of the average
damage cost estimations in relation to the assumed time preference rates (0,1 and 3 %). However, it
is not transparent which changes of the greenhouse gas concentration and which timescales have
been examined in each case. Still, the table provides initial footholds for the dimension of possible
climate damage costs, which, as an average of all studies combined, arrives at 428 US-Dollars per
tonne of carbon. The impact of the alleged “discounting” of future damage costs becomes very
distinct here. The values reach 585 US$/t C for a time preference rate of 0 %, while they decrease to
40 US$/t C for a time preference rate of 3 %. The Working Group itself comments that different
studies show that the results can vary by a factor of 2 according to the assumed population growth,
by the factor of 3 when uncertainties are included, and could vary by at least the factor of 4 with the
assumed time preference rate (IPCC 2014, p. 691). In the worst case scenario the calculated costs for
the same physical damage would drift apart by a factor of 24.
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Figure 3:

Mean social costs and standard deviation for CO2-Emissions in US$/t C for the time
preference rates 0, 1 und 3 % (IPCC 2014, p. 691, table 10-9)

Hohmeyer (2005) exposes even severer discrepancies, and arrives at a difference of six orders of
magnitude in a study about the impact of three parameters on climate damage costs in the area of
effects of a diminished agricultural production on feeding the world and hunger in the world. Here,
however, he varies the possible “discounting” of future climate damages between 0 and 10 %.
Since the climate damage costs stated in chapter 10 of the report of Working Group II of the IPCC
cannot be related to the emissions in the different climate protection scenarios, they also do not
permit it to put the costs of climate protection, which, in spite of all uncertainties, can be determined
based on uniform assumptions (value judgments), into a relation with the costs which can be avoided
by means of this climate protection. Hence, the readers are confronted by the findings of Working
Group III without being able to integrate these into a meaningful economic framework.

3 How can the Benefit of Climate Protection be monetized?
As has been indicated in chapter 2, it is difficult to monetize the benefit of climate protection, since
this presupposes a valuation of the mitigated climate damage costs, which is not possible without
consensus about key value judgements. The monetary value of environmental and health-related
damage is usually dominated by the avoided consequences for human health and human life.
Therefore, it is indicative for the valuation of avoided climate damage, how high the value of an
avoided case of illness or death is set. There is a multitude of different studies on this issue, which
have been systematically collected under the framework of the ExternE-projects by the EU
Commission (1991–2005) and its successors, such as the NEEDS-project (2004–2008) or the CASESproject (2006–2008). For European industrial countries, these values, which usually reflect the
societal willingness to pay for the avoidance of an additional casualty through the “Value of statistical
life” (VSL), are in the region of 2,5–4,4 Million Euro per avoided casualty (European Commission
1995, p. 49).
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Since the climate damage of greenhouse gases that are emitted today, because of the long retention
period of greenhouse gases in the atmosphere and continually rising global warming, will occur
predominantly in the distant future, the question arises how the loss of human lives in the future
should be valued. Should the assigned value be discounted just as a material damage because of the
increased per-capita income, or does this value rise proportionally to income and should thus, in
contrast to material goods, not be discounted, as Rabl (1999) very convincingly argues? Opinions vary
greatly in the economic literature on this subject.
According to the IPCC (IPCC 2014, p. 6), climate damage will hit the poorest countries and the
poorest population groups in all countries of the world the hardest, because these groups of victims
have the least opportunity to adapt to climate change. For example, affluent citizens in an industrial
country can react to food prices which rise because of climate change by spending a larger part of
their income on the now pricier groceries. Subsistence farmers in the Sahel zone cannot compensate
for the loss of their harvest because of climate change by simply purchasing the food products, which
they used to grow for the sustenance of their families themselves, at the market. Crop failure will not
only lead to the inability to produce food products, but also mean that they do not have an income
to sustain their family with purchased groceries. Therefore, in the first case, a crop failure can mean
that a farmer in the USA will produce lower amounts of grain and that this loss is only partially
mitigated by raised grain prices, which the consumers in the USA have to pay for. Or, in the latter
case, it means that a farmer and his family have to starve or even die of starvation because of a crop
failure. At this point, the question arises whether crop failures are calculated by the diminished
quantities of grain in tons, the climate damages calculated from the multiplication of these amounts
with the grain price, or whether the suffering through famine and casualties from starvation are
included into the climate damage costs (cf. Nestle 2010, p. 140ff).
If it is decided to include the lethal consequences of crop failures in the pricing of climate damage,
the next value judgement is imminent: How and by which standards is the casualty in the Sahel zone
valued? There is a school of thought in the economic sciences which conducts such a valuation
according to the so-called “Willingness to Pay” (WTP). Here, the question is posed, how much would
the concerned party pay to avert this case of death (IPCC 1996, p. 196f). This approach leads to a
much higher pricing of the casualty in rich industrial countries, since the per-capita income is much
higher, than the pricing in poor developing countries, because the people there only have a very
small income at their disposal, onto which they can base their expressed willingness to pay. If this
approach is followed, a casualty in the Sahel zone that occurred because of global climate change
would only be priced at approximately a hundredth of the sum which would be assigned to a death in
a wealthy industrial country.
There is a differently minded school of thought which demands that, especially in the area of the
costs of climate change, the valuation of all casualties is to be undertaken by the monetary standard
of the industrial countries, since these have caused the major portion of the problem (e.g. Hohmeyer
and Gärtner 1992). This discussion has become known in conjunction with large, global climate
damage under the name “Equity Weighting”. If an equal treatment of all affected humans in the
world is desired, a locally assessed damage would be weighted (multiplied) by the inverse value of
the relation of the local average income. For the case of a citizen of the Sahel zone, this relation is
situated at about 1/0,02, so that the locally assessed damage would have to be multiplied by the
factor of 50. In case of a wealthy citizen from a rich industrial country, this factor is perhaps at about
1/5. If the polluter pays principle, which is generally agreed to be the foundation for environmental
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policy in Germany and Europe, is applied to climate damage, Equity Weighting has to be taken one
step further, and every casualty has to be assigned a value which is attributed to it in the key
perpetrating country. A further school of thought proposes to use a global average for all casualties
which are caused by climate change (cf. e.g. UBA 2012). It is obvious that the decision, how the vast
majority of casualties from climate change in developing countries are valued, will decidedly change
the overall result of the monetary assessment of climate damage. Hohmeyer (2005) has calculated
the impact of the combination of the three effects which have been discussed here (diminished
harvest of grain or starvation deaths, implied discount interest rate for a loss of human lives,
valuation of casualties in developing countries as a consequence of climate change) in an overall
calculation (cf. table 4 below), he arrives at the conclusion that just the possible variation of these
value judgements can change the calculated result by six orders of magnitude.
Table 4:

Influence of the variation of three key parameters on the valuation of climate
damage in the area of induced casualties (Source: Hohmeyer 2005, p. 167)

On the one hand, these calculations show how much the proponents of different value judgements
can argue about the “correct” monetary value. On the other hand, they also show that it is certainly
possible to arrive at a definite monetary result, if consensus about the three value judgements exists.
In the last twenty years, as a common basis for the valuation of climate damage in the energy and
traffic sector has been developed in Europe by a comprehensive research programme of the
European Commission (ExternE, NEEDS and CASES). Based on the results of this European research
programme, the Umweltbundesamt has developed a unified method for several years, proposing
how the environmental costs of the energy and traffic sector should be monetarily assessed (UBA
2007 and 2014). The Umweltbundesamt has, in conjunction with the most recent version of this
convention on methods, published recommendations for concrete numerical values for climate
damage, which are strongly oriented on the consensus which has developed in the scientific
discourse in Germany. In this connection, damage values for an emissions path which was, in 2011,
viewed to be attainable without substantial climate protection measures (EMP14), and which would
clearly miss the two-degree limit, are given, as well as the avoidance costs for meeting the twodegree limit for specified target years. Here, the UBA specifies ranges for each different target year,
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in order to avoid suggesting that these values can be measured precisely, which would be the effect
if a single value was listed by itself. For the monetary damage costs, the Umweltbundesamt identifies
figures based on two different discount interest rates (0 % and 1 %) and two different EquityWeighting approaches (world average and European willingness to pay) for the valuation of
casualties. The results of the UBA are presented in table 5.
Table 5:

Climate damage costs in €2010/t CO2eq according to the calculations of the
Umweltbundesamt (UBA 2014, appendix B, p. 7)

If these numbers are converted on the basis of the emission scenario RCP8.5, which has become
regarded to be more likely to be the base case without climate protection for the year 2050, the
value for a European Equity Weighting and a time preference rate of 0 % is 760 €2010/t CO2eq and 216
€2010/t CO2eq for a time preference rate of 1 %. The conversion is based on a linear interpolation of
the values stated by the UBA for 2045 and 2055 and a proportional conversion of these values to the
higher emissions levels of the scenario RCP8.5 (20,61 Gt Ceq in 2050), which is contrasted to the mean
value of the EMF14-scenario utilized by the UBA (16 Gt Ceq in a range given from 15–17 Gt Ceq in
2050). Since this damage progression is with great probability non-linear, and disproportionately
rises with increasing emissions, this type of conversion can be considered to be conservative.
Because the major part of the expected monetized damage caused by climate change will be damage
such as additional cases of death and disease, it does not seem warranted to assign a time
preference rate and discount to this damage (cf. Rabl 1995). Therefore, the calculated value of the
damage which is based on those European value judgements is situated at 760 €2010/t CO2eq for the
year 2050, rather than at the lower value of 216 €2010/t CO2eq.
The mitigation costs which enable to ensure meeting the two-degree limit, instead of this “business
as usual” development, are identified by the UBA in the same report. These numbers are
represented in table 6. The statements of the UBA are based on a comprehensive meta-study (Kuik
et al. 2009) and an analysis by the Institute for Energy Economics and the Rational Use of Energy
(IER2), which is based on the European research programme (Wille et al. 2012). It can be argued in
favour of the usage of mitigation costs for meeting the two-degree limit because this climate
protection objective has been passed by the world community during the global climate policy
process in Cancún as a universally binding climate limit, and thus can be regarded as a collective

2

“Institut für Energiewirtschaft und Rationelle Energieanwendung (IER)“
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willingness of the world community to pay for the mitigation of as yet noted climate damage when
this threshold is crossed.

Table 6:

Recommendation of the Umweltbundesamt for greenhouse gas emission mitigation
costs in €2010/t CO2eq (UBA 2014, p. 6)

Based on both approaches, the Umweltbundesamt recommends a mixed, founded approach, which
includes damage costs on the one hand, but also adjusts these to the mitigation costs for the twodegree limit. Table 7 indicates the values recommended by the UBA for the assessment of the
external costs of climate change for the years from 2010 until 2050. Moreover, average values on the
basis of a time preference rate of 1 %/year are given as a recommendation, while, simultaneously,
value ranges are specified in order to classify them. Based on this, the Umweltbundesamt
recommends the usage of a value of 260 €2010/t CO2eq for the year 2050 (cf. table 7). However, it also
explicitly notes that significantly higher values are justifiable, if another time preference rate is used,
as the damage cost in table 5 (above) clearly prove.

Table 7:

Recommendations for the quantification of the expected costs of human-made
climate change by the Umweltbundesamt (in €2010/t CO2eq) (UBA 2014, p. 7)

Since the values proposed by the Umweltbundesamt for the assessment of the costs of climate
change are based on a wide-ranging evaluation of the literature and the results of a long-term
European research programme, as well as on an elaborate discussion process in conjunction with the
development of a convention on methods and the recommended numerical values (the project by
the Umweltbundesamt was closely accompanied by a specially created scientific advisory board),
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these figures can currently be regarded as the best and most undisputable estimation of the costs of
climate change from a German and European perspective. The average value of 260 €2010/t CO2eq
recommended by the UBA for 2050 thus forms the basis of the comparison of the costs and benefits
of climate protection in the following analysis. As has been mentioned in conjunction with the
estimation of climate damage costs by the UBA above, because of the employed the emission
scenarios (EMF 14), these values are rather conservative. The greenhouse gas emission values which
are assumed in EMF 14 for 2050 are lower by ca. 20 % than in the case of the RCP8.5 scenario.
The value judgements which are included into the recommendations of the Umweltbundesamt can
be regarded as the attempt to make the principle of the equality of all people, in accordance with
article 1 of the UN-Convention on Human Rights (UN 2015), the guiding principle of all value
judgements which enter monetization.

4 Comparison of the Costs and Benefits of Climate protection
4.1 Comparison of Climate Protection Costs with the Direct Benefits of
Climate Protection
In the following, the year 2050 shall be made the basis for the considerations about comparing the
costs and direct benefits of climate protection which are attained from mitigating the damage from
climate change, since, until 2050, significant climate protection costs will result for meeting the twodegree limit, but, also, substantial damage will result from unchecked climate change. Considerably
higher damage costs can be expected to be incurred in the second half of the century, if the
greenhouse gas emissions are not reduced drastically. For 2050, damage costs per t CO2eq are
available from the estimations of the Umweltbundesamt, which involve a high amount of societal
consensus and allow for a calculation of the costs which can be avoided through decisive climate
protection, based on the IPCC scenarios (RCP2.6 and RCP8.5).
The report by Working Group III of the IPCC specifies the costs with 1–4 % of possible consumption
until the year 2050 (cf. chapter 2.2 accordingly), which meeting the two-degree limit ensures to a
large extent by staying, in accordance with RCP2.6, within a concentration corridor from 430 to 480
ppm CO2eq. This decrease has to be regarded in context with an overall level of consumption which is
increased by a factor of 2–4,5 (IPCC 2014a, Chapter 6, p. 449). In order to calculate the absolute costs
of necessary climate protection and the costs per tonne CO2eq, the reductions of the Global Gross
National Product in 2050 which are indicated in the report by Working Group III are also included in
the following, since these can be calculated on the basis of the contemporary GNP (2010), whereas it
is uncertain how the consumption which is specified in the report was delimited. Globally, Gross
National Product and Gross Domestic Product are identical. The model calculations, which the IPCC
has evaluated, usually calculate the sum of the changes of the Gross National Products, which is why
the report of Working Group III employs the label “Gross Domestic Product” (GDP). When observing
the aggregated, global effects, however, the notion of the Global Gross National Product is much
more convincing than the Global Gross Domestic Product. Because both terms describe the same
technical fact when a global perspective is applied, the term Global Gross National Product will be
used in the following.
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According to the World Bank, the Global Gross National Product for the year 2010 amounted to
63,048 Trillion Dollar2010/a (World Bank 2014). If this is converted into Euro by using the average
exchange rate of 2010 (cf. Wirtschaftskammer Österreich/ Austrian Federal Economic Chamber,
2014) of 1,33 US$/€, the global GNP for the year 2010 amounts to 47,4 Trillion Euro2010/a.

Proceeding from a real growth of 2- to 4,5 times of this value until 2050, a Global Gross National
Product of 94,8–213,3 Trillion Euro2010 /awill be reached. If it is attempted to connect these values to
the central estimate of climate protection costs for the year 2050 (reduction of the global GNP by
about 3,3 % as depicted in figure 6.21 in the report by Working Group III of the IPCC) (IPCC 2014a, p.
450), the average value of the Global Gross National Product for the year 2050 of 154,05 Trillion
Euro2010/a has to be used. The climate protection costs in 2050, which are necessary to meet the twodegree limit, thus amount to ca. 5,1 Trillion Euro2010/a.
This value, in turn, needs to be compared with the follow-on costs of a drastic climate change
without climate protection measures that are mitigated by this climate protection. For this purpose,
the reductions of greenhouse gases which are reached by 2050 are calculated in a comparison of the
scenarios RCP8.5 (uninhibited development of emissions) and RCP2.6. (climate protection for
meeting the two-degree limit). According to Working Group I (IPCC 2013, Annex II, table AII.2.1.c,
p. 1410), 20,61 Gt C/a is specified in RCP8.5 for the year 2050. This corresponds to 75,57 Gt CO2eq/a
of Carbon dioxide emissions, if the conversion is undertaken with the molecular weights of Carbon
(12 g/mol) and CO2 (44 g/mol). Since the emissions in the scenario RCP2.6, amounting to 3,5 Gt C/a
and 12,83 Gt CO2eq/a respectively, cannot be avoided by these climate protection measures, as they
are compatible with meeting the two-degree limit, these have to be deducted from the emissions in
the scenario RCP8.5. As it is, the greenhouse gas emissions which are avoided by 2050 through
complying with the scenario RCP2.6 amount to 62,64 Gt CO2eq/a.
If the mitigated greenhouse gas emissions are then rated in accordance with the baseline by the
Umweltbundesamt of 260 €2010/t CO2eq, mitigated climate damage costs of 16,31 Trillion €2010/a
result.
With a value of a solid 16 Trillion Euro2010/a, the mitigated climate damage in 2050 amount to more
than the triplicate of the climate protection costs of ca. 5 Trillion Euro2010/a, which would result for
mitigating this damage in the same year. In contrast to the impression raised by Working Group III of
the IPCC, which implies that the Global Gross National Product for 2050 would be lower than without
climate protection measures, the Global Gross National Product without climate protection is,
because of the resulting climate damage, more than 10 Trillion Euro2010 lower than with decisive
climate protection measures, as figure 9 illustrates clearly.
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Figure 9:

Global Gross National Product without climate change, with climate protection
measures (RCP2.6) and without climate protection measures (RCP8.5) (own
calculations based on IPCC 2014a and UBA 2014).

A possible increase of the Gross National Product arising from repairing climate damage is included
here. On the one hand, in the system of an economic total account, repairs lead to a positive
contribution to the Gross National Product. On the other hand, the resources which are employed for
these repairs are not available for the demand that would be adopted in the normal case, which
would normally have led to an increase of the Gross National Product. Since repaired damage does
not represent profit to the affected parties, but only restores the previous state, repaired damage
does significantly reduce wealth, if contrasted with a development without damage. Furthermore, it
has to be considered that the most important climate damage types, such as irremediable
environmental damage or casualties, cannot be “repaired”.
From the perspective of European value judgements and based on the values of equality and justice
drawn from the UN Convention on Human Rights, drastic climate protection is urgently
recommended from an economic perspective as well, since its benefit exceeds the costs by 2050 by
more than their triplicate.

4.2 Co-benefits of Climate Protection
The co-benefits of climate protection have been analysed in the recently published “New Climate
Economy Report” by the Global Commission on the Economy and Climate (2014), as they have been
in the third progress report by the IPCC (IPCC 2001, p. 523ff). The analysis is centred on the decrease
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of air pollutants and the health damage effects associated with them, which is a side-effected of the
reduced use of fossil fuels in order to reduce of greenhouse gas emissions.
Contrary to the IPCC, the Global Commission on the Economy and Climate cites usable figures.
Hence, based on a study (Hamilton et al., 2014) conducted for the report, it identifies global healthcare costs of between 50 to 200 US$/t CO2 (Global Commission on the Economy and Climate 2014a,
S. 11) which could be avoided through climate protection. Assuming that these figures are given in
values pertaining to the prices in 2010, this range can be converted to 37,6–150,4 €2010 /tCO2eq.
When combining these additional benefits of climate protection, valued in monetary units, with the
greenhouse gas emissions that can be avoided by 2050, and which result from a development
without decisive climate protection that would see a massive employment of fossil fuels, additional
cost savings, which derive from climate protection measures, of 2,4–9,4 Trillion €2010/a result. At an
average value of 5,9 Trillion €2010/a, the additional benefit of relevant climate protection in order to
decrease emissions in 2050 surpasses the costs for the necessary climate protection measures in the
same year. The Global Gross National Product without climate protection, considering the costs of
climate change and the simultaneously resulting damage costs from air pollutants which could be
avoided by climate protection measures, reaches only 131,8 Trillion Euro2010/a and not, as implicitly
suggested by Working Group III of the IPCC, 154,1 Trillion Euro2010/a.
Figure 10 illustrates clearly how the Global Gross National Product develops from 2010 to 2050 with
and without climate protection, and how the consideration of the costs of climate change and of the
damage costs that are caused by air pollutants, and which can be avoided through climate
protection, affect the Global Gross National Product until 2050, if it is assumed that the costs develop
proportionally to the growth of the Gross National Product (an assumption which only serves
illustrational purposes here). The Global Gross National Product of 154,1 Trillion Euro2010, which is
suggested by Working Group III of the IPCC, is not the Gross National Product that is possible without
climate protection, but the potential Gross National Product, if the greenhouse gases emitted by
humankind had no effect on climate change. A completely hypothetical number, which nonetheless
is related to scenarios without climate protection measures.
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Figure 10:

Development of the Global Gross National Product with and without climate
protection (own calculations based on IPCC 2014a and UBA 2012)

5 The Necessary Transformation to Decisive Climate Protection
The fifth progress report of the IPCC demonstrates that a rapid and severe change of direction
concerning anthropogenic greenhouse gas emissions is urgently necessary (IPCC 2014, p. 13). The
comparison of avoidable damage costs with the costs of a necessary climate protection highlights
that climate protection is indeed profitable from an economic perspective. In order to reach the
necessary decrease in greenhouse gas emissions, a drastic transformation of the world economy,
particularly in the areas of energy supply, urban development and land use is indispensable. Recent
studies have shown that this transformation can create additional, positive economic effects on a
massive scale. Thus, the following will briefly outline the basic elements of this transformation and
present their economic benefit.

5.1 Key Elements of the Transformation
As the Global Commission on the Economy and Climate highlights, the world economy will undergo a
fundamentally transformative process in the next 15 years. In the course of this process, approx. 90
Trillion Dollar will have to be invested into urban infrastructure, land use and the energy system
(2014, p.8). The way in which these investments are deployed will essentially decide the future of the
world’s climate. Similar elaborations can also be found in the expertise by the German Advisory
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Council on Global Environmental Change3 (WBGU) “Welt im Wandel – Gesellschaftsvertrag für eine
Große Transformation“ (WBGU 2011), i.e. “World in Transition – A Social Contract for a Major
Transformation”.
The subsequent development of the fast growing cities of the world will have a considerable
influence on their energy needs. If the cities are compactly developed around a well-planned and
upgraded public transportation system, the required investment into urban infrastructure over the
next 15 years can be lowered by more than 3 Trillion Dollars (Global Commission on the Economy
and Climate 2014, p. 8).
According to the Global Commission on the Economy and Climate, the productivity development of
land use over the next 15 years will determine whether it is possible to successfully support the
world population, which will grow to 8 Trillion. Reinstating just 12 % of the degraded agricultural
areas of the world could potentially support an additional 200 Million human beings and
simultaneously contribute dramatically to a decrease of greenhouse gas emissions (Global
Commission on the Economy and Climate 2014, p. 8).
The energy system will have to support this growth with the required energy in all countries.
Landmark decisions are imminent within the next 15 years: Either the share of fossil energy sources
in the energy supply mix will be increased, thus provoking the danger that the facilities which are
built, such as power plants, later have to be decommissioned prematurely for reasons of climate
protection. Or, the transition to an energy system which is mainly supported by regenerative energy
supply sources and further advances in energy efficiency (Global Commission on the Economy and
Climate 2014, p. 8) will be attained.
In order to support the essential transitory developments toward a sustainable and climate-friendly
growth of cities, the Global Commission on the Economy and Climate argues that three major drivers
of change need to be deployed accordingly. These are a substantial increase of resource productivity,
investments into the infrastructures fit for the future, which are geared towards sustainability and
climate protection, as well as the stimulation of climate-friendly innovations (cf. Global Commission
on the Economy and Climate 2014, p. 9).
The elaborations by the Global Commission on the Economy and Climate differ from the suggestions
by the WBGU particularly in that the commission also considers nuclear energy as a potential energy
source for climate-friendly development, whereas the WBGU dismisses it as an unsustainable energy
source, on the grounds of the hazardous risk potential which nuclear energy bears. The position of
the Global Commission on the Economy and Climate is not surprising, since three of the seven
countries which financed the report – Great Britain, Sweden and South Korea – belong to the most
important advocates of a continuing use of nuclear energy. Also, Indonesia, as a fourth country which
funded the report, is pursuing plans to build its own nuclear power plants.
In its most recent special report “Klimaschutz als Weltbürgerbewegung” (“Climate protection as a
world citizen’s movement”), the WBGU supplements their statements on the necessity of a
fundamental transformation towards a climate-friendly society from 2011. In this, the WBGU

3

The German federal government set up the WBGU (“Wissenschaftlicher Beirat der Bundesregierung Globale
Umweltveränderungen“) as an independent, scientific advisory body in 1992.
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underlines the part of decentralised institutions and civil society as drivers of the required
transformation process (WBGU 2014).

5.2 Economic Opportunities of the Transformation
The Global Commission on the Economy and Climate underlines that the majority of the funds for the
required transformation need to be assigned to the upcoming modernisation in any case, e.g. for the
required capacity expansion of the capital stock in the energy supply sector and for urban
infrastructure (Global Commission on the Economy and Climate 2014, p. 8). Therefore, the primary
concern is that these funds are not invested into the wrong technologies, which would cement the
continuing dependence on fossil fuels and motorized individual transport for decades. Investments
into power plants and urban infrastructure define development paths for many decades. After
investments into the wrong technology, these can only be remedied at great economic losses.
The Global Commission on the Economy and Climate (p. 8f) especially views investments into new
technologies for the utilization of renewable energy sources and for increasing energy and resource
efficiency as drivers for a new and sustainable growth.
With the emergence of a new industry with almost 400.000 employees (cf. O’Sullivan et al. 2014,
p. 8), the example of German development in the area of renewable energy sources is proof that the
transformation of the energy sector can lead to significant new economic activities and employment
effects. In 1990, before the introduction of the “Stromeinspeisegesetz” (electricity feed-in law) for
the advancement of renewable energy production, this industry did not exist beyond the building
and operation of large hydropower plants. By 2004, the number of employees had already risen to
ca. 160.000, only to reach its provisional peak of just under 400.000 employees in 2012 (cf. figure
11). In 2013, employment in the solar energy sector plummeted, because grants from the German
Renewable Energies Act (EEG) were drastically reduced. It is contentious how much of a role other
factors that have aggravated the crisis of the German solar industry have played. Almost 50.000 jobs
were lost in 2013 alone (cf. O’Sullivan et al. 2014, p. 12 and figure 12 below).
The job loss in the area of solar energy usage highlights that the development of new industries in
the field of climate protection depends heavily on the provision of a governmental framework. A
discontinuity of government aid can rapidly lead to quite critical courses of development. For
instance, the overly generous funding policy for photovoltaic energy production in Germany initially
led to an explosive growth of turnover and employment from approx. 25.000 jobs in 2004 to a good
110.00 jobs in 2012. Because the extreme growth in the photovoltaic electricity generation sector led
to high cost burdens for the consumers, this development had to be curbed by drastic counter
measures in funding politics. These counter measures were the main cause for the extreme decline
of the German photovoltaics industry.
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Figure 11:

Development of employment in the renewable energy sector as well as employment
induced by the EEG from 2004 until 2013 (Source: O’Sullivan et al. 2014, p. 8)

Figure 12:

Development of gross employment through renewable energy in Germany from 2004
to 2013, ordered by technology sectors (Source: O’Sullivan et al. 2014, p. 12)

Therefore, in order to ensure the necessary transformation without any critical developments, rather
dependable political conditions are required, which ascertain the needed pace of development
without simultaneously causing a critical overheating and the subsequent collapse of the new
markets.
However, the transformation that is needed will not just create new industries with increasing
production and employment. It will also lead to a loss of turnover and employment in other
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industries, such as the coal and mineral oil industries. In a corresponding analysis of the net
cumulative effects of an early withdrawal from nuclear energy and a concurrent securing of the
German climate protection limits in Germany, Hohmeyer et al. (2000) have examined how many jobs
would be lost in the sector of conventional energy production, while new jobs would be created in
the sectors of renewable energy sources and energy conservation. Table 8 not only illustrates the
direct, but also the indirect employment gains and losses in the different sectors of the German
economy for two exit scenarios pertaining to a termination of the use of nuclear energy until 2010
(Scenario A and B) and a further trend scenario for an unlimited, continued operation of the nuclear
stations existing in Germany in 2000. The “Delta” columns each show the cumulative employment
gains and losses for the timeframe from 2000 until 2025 per sector in person years (in labour
productivity of the year 1995). Overall, employment for the complete economy is 10 % higher for a
fast withdrawal from nuclear energy than for a continued operation of the nuclear stations; however,
14 of 58 sectors also show employment losses.
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Table 8:

Direct and indirect employment effects of different energy scenarios with and
without a withdrawal from nuclear energy until 2010 for the sectors of the German
economy and a timeframe from 2000–2025 in person years (productivity of 1995, the
base year of the utilized input-output table (Source: Hohmeyer et al. 2000, p. 58)

The example of scenario A in table 9 enables an understanding of how these diverse employment
effects in the different sectors lead to changes in the demand for the respective energy technologies.
Outstanding features here are the employment losses in the operation of nuclear and coal power
stations on the one hand and, on the other hand, the employment gains from the building and
operation of gas powered plants, wind, solar and bioenergy plants, as well as from investments into
energy conservation technologies.
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Table 9:

Employment effects of the exit scenario A in comparison to the trend scenario with
nuclear energy, in person years for the time frame from 2000–2025 (productivities of
Tabelle 10: Beschäftigungseffekte des Ausstiegsszenarios A im Vergleich zum Trendszenario
the year 1995) (Source: Hohmeyer et al. 2000, S. 55)
in Personenjahren (Zeitraum 2000-2025)

Technology

Investment cost

Hard coal power plant

Trend scenario
0

107.707

Lignite power plant

-67.678

0

67.678

Natural gas power plant

109.165

171.745

62.580

Run-of-the river hydro

-128.782

53.010

181.792

Wind turbines

297.138

394.364

97.226

Solar PV plants

111.466

128.737

17.271

76.195

91.781

15.586

627.538

627.538

0

Hard coal power plant

-192.192

500.457

692.648

Lignite power plant

-223.217

455.941

679.159

2.590

8.874

6.284

183.574

314.686

131.111

-1.195.575

68.506

1.264.080

-4.697

168.356

173.053

208.170

355.450

147.280

3.393

4.129

736

71.957

133.209

61.252

-57.037

479.957

536.994

-436.745

899.421

1.336.166

Mineral oil

5.192

17.540

12.348

Natural gas

472.795

810.155

337.359

-524.753

30.068

554.821

337.943

625.607

287.664

39.149

39.149

0

1003.323

1003.323

0

611.204

7.381.999

6.770.795

power

Energy saving technology

Operation and maintenance costs ex fuel

Scenario A

-107.707

Bio energy power plant

Oil fired power plant
Natural gas power plant
Nuclear power plant
Run-of-the river hydro
power
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The significant job losses in the sector of building and operating conventional power plants, as
demonstrated by Hohmeyer et al. 2000 for an accelerated withdrawal from nuclear energy that
meets climate protection goals, highlight that a corresponding transformation, which is
recommended on an even larger scale by the Global Commission on the Economy and Climate (p. 8f),
necessitates accompanying strategies for securing the employment in the sectors which are
negatively affected.
In their study on an accelerated withdrawal from nuclear energy in Germany, Hohmeyer et al. (2000)
have also pursued this issue and developed exemplary proposals for the operating staff of the
nuclear power plants Stade, Biblis A and B, as well as Isar I and II (Hohmeyer et al. 2000, p. 70ff).
These propositions strongly look towards establishing new production activity by the expanding
sectors on the former site of the nuclear power plants, thus directly creating qualified opportunities
for employment at these disadvantaged locations. In the case of the nuclear power plant Stade, a
proposal was developed to build large components such as rotor blades, towers and foundations for
offshore wind energy installations there (Hohmeyer et al. 2000, p. 84ff), since the location at the
Lower Elbe provides very suitable conditions for these very large and heavy components. Even
though these propositions had been strongly rejected by the political representatives of the
municipality, after the decommissioning of the nuclear power plant Stade, the company Areva
(formerly Multibrid) has subsequently located their rotor blade manufacture there, which today
employs more persons than the decommissioned nuclear plant did.
Even if the necessary big transformation of the economy and energy production is inevitable for the
protection of the climate and can ultimately result in a significant plus for employment and value
creation, it needs to be planned and supported as early as possible, in order to avoid severe regional
job losses in the energy or automotive industry without respective compensation. Timely planning
and directing of the needed restructuring process, as well as clear and dependable political signals
could minimize the negative effects of adapting and maximize the benefit of the transformation for
the whole society.
If a corresponding policy design, which ensures a steady development of new industries and a
conversion of the now unneeded economic activities, is successful, the needed transformation offers
significant economic opportunities in the area of energy use and generation, as well as in the area of
urban infrastructure and can, according to the assessment of the Global Commission on the Economy
and Climate (p. 10), become the motor for sustainable and climate-friendly growth.
As the comparison of the development of the Global Gross National Product with and without
climate protection in chapter 4 has demonstrated, decisive climate protection which can ensure
meeting the two-degree limit is the best strategy to enable a maximum of sustainable growth in the
decades to come.
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