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Summary

To limit human-induced climate change,
global emission cuts of around 50% by
2050 are necessary to stabilize the global
average temperature increase at 2°C. Un-
fortunately, the outcome of the interna-
tional climate negotiations in Copenhagen
in December 2009 failed to conclude in a
global treaty with binding emissions reduc-
tion targets. However, becoming a low-car-
bon economy is not solely dependent on a
global climate policy treaty. Peak Qil, rising
energy prices as well as the dependency of
few oil-exporting countries affect the en-
ergy security of many countries. Already at
this stage, energy security and energy sup-
ply concerns are getting increasingly im-
portant and in combination with increased
electricity demand is an important driving
force for many countries’ rethinking with
regard to energy demand and supply pat-
terns.

So far, the increase of greenhouse gas
emissions and energy consumption has
always been growing in line with the eco-
nomic development of a country. There-
fore, decoupling has been the overarching
idea of all environmental policy since its
earliest days, meaning that environmental
damages should be decoupled from eco-
nomic wellbeing. The vision of a low-carbon
society can be described as a society that
cuts its CO, emissions to 1 ton per capita
and year (or its energy use to 2,000 watts)
without lowering its standard of living. Such
deep cuts of energy use and greenhouse
gas emissions are possible at manageable
costs and without undermining welfare.
The transition to a low-carbon economy re-
quires a fundamental change in the innova-
tion system such as research, policy, edu-
cation, standards, etc. and hence requires
a systematic approach taking into account
the entire value chain of a service or indus-

try. It requires an optimal combination of
efficiency strategies, substitution of car-
bon-intensive energy by renewables and
sufficiency strategies. In terms of technical
feasibility, 80 percent or five-fold improve-
ments in resource productivity is perceived
to be attainable cost-effectively throughout
the main sectors. In order to achieve the vi-
sion of a low-carbon economy, the following
entry points are highlighted: Decarboniz-
ing electricity generation; energy efficiency
in the use of electricity; more efficient ve-
hicles, new fuels and demand containment
in transport; energy efficiency and new en-
ergy sources in heating.

While transforming an economy to a
low-carbon one, the level of greenhouse
gas emissions and carbon intensities of
sectors will become more important. Sys-
tematically assessing the greenhouse gas
intensity of sectors and companies for the
entire value chain is therefore a first step to
identify their carbon-related risks and op-
portunities. Sectors and companies with
relatively lower carbon intensities are less
exposed to regulatory risks as well as vola-
tile and increasing energy prices and there-
fore in a better position to handle the tran-
sition towards a low-carbon economy. In
order to optimally exploit the existing miti-
gation potentials, a cross-industry effort is
needed to cut down emissions. This means,
not stand-alone measures shall be the aim,
but rather a transformation of entire sys-
tems and industries towards a low-carbon
economy needs to be aspired to. Promising
technologies and solutions with high miti-
gation potential and a cross-sectoral char-
acter are discussed in form of smart grids,
intelligent buildings and electrification of
transportation.

To systematically track companies with
low greenhouse gas intensities and, there-
fore, better competitive positions, enviM-
PACT® can provide a valuable solution. en-
vIMPACT® is a quantitative methodology for
assessing the greenhouse gas intensity of



sectors and companies for the entire value
chain using an environmental extended
input-output analysis database combined
with life cycle inventories and life cycle as-
sessments to quantify the greenhouse gas
intensity of some 500 activities. To achieve
a fair evaluation of companies’ carbon in-
tensities, taking into account carbon emis-
sions of the entire value chain such as from
the production, use and supply phases is
crucial as there are significant differences
among sectors and phases. Companies
with low carbon intensities over the entire
value chain are less exposed to regulatory
risks and increasing energy prices.

Financial market conditions have been
in favour of oil and gas stocks and are in
some sense preserving the current energy
structure. But this is not necessarily the fu-
ture. Financial markets will rapidly adapt to
changing conditions.

Two trends can be identified. First, the
long period of cheap energy could find an
end in foreseeable time. Between 1970 and
today, the oil price increased from USD 2 to
USD 62 which means anincrease of 8.6 per-
cent per year. In general, high energy prices
are strong incentives for increasing energy
efficiency and this will be in favour of “low-
carbon” stocks (clean tech). Especially, as
there is no evidence that oil will become as
cheap as it was ten years ago.

Second:regulation and enforcing liabil-
ities will shift costs towards energy users.
Climate policy, whether globally coordinat-
ed or at national level, will add to the costs.
Here, oil or “high carbon”energy sources are
in a rather unfavorable position. The huge
oil spill in the Gulf of Mexico will probably
increase the pressure on regulators and the
law system to enforce financial compensa-
tion. Integrating the now “external” costs
of climate change and pollution into “high
carbon products” will add to the pressure
on profitability in this segment of the global
economy and at the same time drive new
energy sources, energy efficiency.

The sooner investors are moving more
capital towards this direction, the earlier
clean tech will become relevant also in
guantitative aspects and the carbon inten-
sity of the economy will be decreasing.




Introduction

Human-induced climate change poses a
huge threat to humanity and human wel-
fare.Withoutsignificantcuts ofglobalemis-
sions by about 50% in 2050, an increase of
global average temperature by more than
2°C entailing major social disruptions and
welfare losses is unavoidable. Strong politi-
cal action and concerted response from the
business world and individuals is therefore
an imperative.

In a fair global climate deal, developed
countries would have to cut their emissions
by approximately 80% by 2050 compared
to 1990 levels. This is a huge task which re-
quires a fundamental change from a fossil-
fuel-based society and economy towards a
low-carbon society and economy.

This report outlines several perspec-
tives of a low-carbon economy from overall
policy implications to the company level.
It does not include adaptation to climate
change but focuses on mitigation strate-
gies only. Nevertheless, it goes without
saying that stringent climate action must
include both mitigation and adaptation.
And even with strong mitigation action the
already unavoidable climate change has to
be managed.

Chapter 2 provides an overview of the
mostly uncertain policy context at global
level resulting after the Climate Confer-
ence in Copenhagen in December 2009.
It also points out some general chal-
lenges which highlight the importance
for companies and individuals to con-
tribute to a low-carbon economy - de-
spite the uncertain policy environment.

Chapter 3 illustrates the vision of a low-
carbon economy and presents the main
strategies and entry points for decarbon-
izing the economy. The focus is on entry
points for developed countries and on en-
ergy-related strategies. Land-based emis-

sions such as emissions from deforestation
and forest degradation as well as non-
CO, emissions are not taken into account.

Chapter 4 brings into focus the sectoral
perspective. It identifies greenhouse gas
emission intensities as arisk of opportunity
factor for economic sectors and highlights
sectorswith high mitigation potential. Some
promizing technologies and solutions with
high mitigation potential — smart grids, in-
telligent buildings, electrification of trans-
portation — are illustrated in more detail.

InChapterb,thereportfurtherspecifies
the implications of a low-carbon economy
forcompanies.Byassessingthegreenhouse
gas intensity of companies for the entire
value chain, specificrisks and opportunities
of companies in comparison to their direct
competitors can be identified. Finally, the
role of the financial markets and implica-
tions for investors are outlined in Chapter 6.




Policy context

Implications of COP 15 in Copenhagen —
the Copenhagen Accord

The climate negotiations of the United Na-
tions culminating in Copenhagen in De-
cember 2009 have been predicted to be a
turning point within the international cli-
mate policy. According to the Bali Roadmap
2007, a comprehensive negotiation process
would have been concluded in Copenhagen
and a new international agreement replac-
ing the Kyoto Protocol would have been
agreed upon.The agreement was supposed
to cover the elements mitigation, adapta-
tion, technology development and finan-
cial resources. The overall goal was to limit
global warming to 2°C with regard to pre-
industrial levels and to agree on emission
reduction obligations up to 2020 and 2050.
The expectations to the outcome of Co-
penhagen were very high, and closely fol-
lowed by the media. However, negotiations
in Copenhagen resulted in a minimal con-
sensus document referred as the Copenha-
gen Accord, which is a political declaration
without any legally binding character. The
Parties only “took note” of the Accord but
did not reach consensus on its content.
The Copenhagen Accord does not in-
clude quantitative, global emissions re-
duction targets for 2020 or 2050 but only
recognises the need to reduce global emis-
sions to prevent global temperature from
rising beyond 2°C. Several industrialized
countries as well as emerging countries
were not willing to commit themselves to
legally binding reduction commitments or
actions and thus reduced the chances for
a legally binding treaty. The Copenhagen
Accord only foresees voluntary emission
reduction targets for developed countries
and so-called nationally appropriate miti-
gation actions for developing countries. The

resultisaclear signal for a geopolitical shift
away from EU countries as advocators of a
strong international climate treaty towards
the USA and the so called BASIC countries
(Brazil, South Africa, India, and China).

One of the achievements of the Copen-
hagen Accord is the commitment of devel-
oped countries to provide new and addi-
tional financial resources approaching USD
30 billion for the period 2010-2012 with
balanced allocation between adaptation
and mitigation. Furthermore, developed
countries commit to a goal of mobilizing
jointly USD 100 billion per year by 2020 to
address the needs of developing countries.

Gap between long-term goals and
voluntary emission reduction targets
and actions

55 countries, including China, India, the US
and the 27 European Member States, have
made publicly available their pledges re-
garding quantified economy-wide emission
reduction targets for 2020 or mitigation ac-
tions. Most pledges by the key countries
have been published already before Co-
penhagen and most of them have not been
changed since then. The following table
provides an overview of the pledges made
by some important countries.



Emission reduction targets of selected countries for 2020 (pledges)

China Reduction of emissions intensity (e.g. CO,/GDP) by 40-45% compared to 2005
India Reduction of emissions intensity (e.g. CO,/GDP) by 20-25% compared to 2005
USA Reduction of absolute GHG emissions by 17% compared to 2005

EU Reduction of absolute GHG emissions by 20% compared to 1990, respectively 30% if other
nations join

Brazil Reduction of GHG emissions by 36-39% compared to a “business as usual” scenario

Japan Reduction of absolute GHG emissions by 25% compared to 1990

Table 1 Pledges of selected countries. Switzerland states the same pledge as the EU (20% reduction
by 2020 compared to 1990 and 30% reduction by 2020 provided that other developed countries commit
themselves to comparable emission reductions and that developing countries contribute adequately ac-

cording to their responsibilities and respective capabilities).

Pledges have been lively discussed and are
widely perceived as being too weak. Meins-
hausen et al. (2009) conclude that in order
to keep the achievement of the 2°C target
“likely” (i.e. the probability to remain be-
low a 2°C increase in temperature is more
than 75%), cumulative total CO, emissions
over the years 2000 to 2049 should be be-
low 1 terra-ton CO, (see blue line in fig-
ure 1, left side). Pledges made by the Par-
ties (red line, left side) are far away from
reaching the global target’ and will most
likely lead to an exceeding of the 2°C tar-
get (see in figure 1, right side). Only some
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pledges are close to the reference scenario
(e.g. China) or are perceived as sufficient,
namely Japan and Norway with 25 percent
and 30-40 percent below 1990 (Rogelj and
Meinshausen 2010). The pledges would re-
sult in a significant temperature increase
of more than 2 up to 5°C in 2100 compared
to pre-industrial times. Very likely, such a
temperature increase will lead to danger-
ous climate change with massive and irre-
versible disruptions of the global ecosys-
tem and a dramatic increase of costs for
climate change adaptation and damage
repair.
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Figure 1 Nature Reports, Climate Change, July 2009. The graphs refer to GHG emissions per year. To
achieve the blue curve and hence a 2°C target, maximum emissions budget would account to 1Tt (10'?
tons) for the time span between 2000 and 2050.



An uncertain policy environment
and other challenges

The fact that in the foreseeable future no
legally binding agreement will be in place
enhances the uncertainty of the policy en-
vironment. Especially at a global level it is
very uncertain to predict policy instruments
that might be applied, for whom they will
be relevant and what the implications for
companies will be. This policy uncertainty
might directly affect the carbon price and
the demand for carbon instruments. How-
ever, despite these uncertainties over the
future of the carbon market, positive sig-
nals are set. Several carbon funds offer
opportunities for investing in low-carbon
projects beyond the Kyoto period ending in
2012. Furthermore, the price for EU allow-
ances traded under the European Emis-
sions Trading Scheme (EU ETS) did not
collapse after the outcome of Copenhagen
and remained rather stable during the past
6 months. These signals show that future
efforts with regard to transforming the cur-
rent economy to a low-carbon economy,
is not solely dependent on a strong global
climate policy treaty. Some parties, as e.g.
the EU, provide predictability by having
set a unilateral emission reduction target
of minus 20% by 2020 and maintaining its
European Emissions Trading System inde-
pendently from the form of a future global
climate treaty.

Furthermore, crude oil is an important
energy price setter on the world market.
As the peaking of oil (“Peak Qil”) produc-
tion within the next two or three decades
will approach, energy price levels are likely
to increase substantially and exploiting of

1 Rogelj et al. (2009), analyses by the UN Environ-
ment Programme and UK economist Lord Stern
(Stern 2009), analyses by McKinsey for Project
Catalyst (Project Catalyst 2009), and by Ecofys and
the Potsdam institute for Climate Impact Research
(Hohne, N. et al 2009) draw similar conclusions.

new oil fields will get more risky and more
expensive. Increasing energy prices for oil,
gas and coal enhance the trend towards
renewable, less carbon-intense energies.
And climate-efficient infrastructures are
becoming relatively more cost-effective
no matter whether a global climate policy
framework is in place or not.

Another important driver is the depen-
dency on imported fuels affecting energy
security of many countries. Addressing
energy security and energy supply con-
cerns are getting increasingly important.
In combination with increased electricity
demand this concern could on one hand
lead to further exploring the potential of
renewable energy sources and energy ef-
ficiency. On the other hand, it could also
result in exploring domestically available
fossil fuels such as offshore oil, oil sands
or even coal for power generation purposes.
Amassive fallback to coal would most prob-
ably jeopardize all efforts achieved with
regard to climate protection.
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Low-carbon
economy

The trend towards higher resource effi-
ciency has already influenced the economy
and society as a whole and will even more
do so in the future. The need of higher ef-
ficiency in order to achieve less resource
consumption, less emissions and more so-
cial compatibility is driving economic de-
velopment in all sectors and on all levels.
The need of substituting energy-intense
resources, materials and technologies with
climate-friendly ones is a challenge and
chance for economies and societies. This
ongoing, long-term process will entail new
consumption patterns, sectoral shifts and
many — often unspectacular but neverthe-
less effective — innovations.

The energy-related emission challenge of
today’s economies and societies

The energy sector accounts for the main
share of greenhouse gas emissions, espe-
cially in developed countries. In Switzer-
land for instance, emissions from the en-
ergy sector accounted for over 80 percent
of total greenhouse gas emissions in 2007
(FOEN 2009). In OECD countries, power
generation accounts for the main share (40
percent) of energy-related CO, emissions
(see figure 2). Emissions from energy gen-
eration vary significantly among countries
due to their different electricity production
structures?. The transport sector accounts
for 27 percent of energy-related emissions
and has increased in many industrialized
countries during the last years. Manufac-
turing industries and construction as well
as energy-related emissions in buildings
account for another 12 percent each.

Energy-related CO, emissions in OECD countries

Gt
14
12 9% Other
9% 12% Buildings
10
14% 12% Industry
8
16%
B Transport
6
4
’ B Power
generation
0

1990

Figure 2 Source: 1EA 2009

2007
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Until now, greenhouse gas emissions and
energy consumption have always been
growing in line with the economic devel-
opment of a country. Efficiency gains are
generally more than compensated by in-
creased energy and resource use due to

increased standards of living and changes
in consumption patterns. Therefore, decou-
pling economic wellbeing from energy con-
sumption or environmental damages has
been the overarching idea of environmental
policy since its earliest days.

Human development index and CO, emission per capita
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Figure 3 Indicator sources: Carbon Dioxid Information Analysis Center and UNDP. The Human Develop-
ment Index is an indicator of social and economic development composed by the following elements: Life
expectancy at birth, literacy rate of those over 15, education (primary, secondary, and tertiary) and gross

domestic product per capita (http:/hdr.undp.org).

Figure 3 relates human wellbeing repre-
sented in the Human Development Index
(HDI) to the per capita CO, emissions of
countries.

As shown in figure 3, no country has
reached a level of a high HDI (more than
0.8%) combined with low emissions per
capita (e.g. 1 tons per capita) which could
be referred to as sustainable on a global
level. Switzerland emits around 5.7 tons of
CO, per person (FOEN 2009) corresponding

2 In Switzerland, emissions from energy generation
do not play a major role due to its electricity produc-
tion structure (about 95.2 percent generated by hy-
droelectric and nuclear power plants in 2007) (FOEN
2009).

to around 5,000 watts per person. The big-
gest emission emitters per person are the
United States and oil-exploiting countries
like the United Arab Emirates, Kuwait and
Qatar (not indicated in the graph). Mainly
Sub-Sahara African countries are emitting
less than 1 ton of CO, per capita (refer-
ring to around 2,000 watts per capita and
year of energy use). The majority of these
countries show a middle to low grade of
development.

3 Countries with a HDI below 0.5 have a very low de-
velopment standard. Between 0.5 and 0.799; middle
standard of development, between 0.8 and 0.899;
high developed countries, above 0.9 very high devel-
oped countries (UNDP).
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The vision of a low-carbon economy
(1ton CO, per capita and 2,000-watt
society)

In order to limit global warming to a maxi-
mum of 2°C, global emissions need to peak
around 2015 and 2020 and decline then
rapidly below an annual one ton CO, per
capita as it is also postulated by the IPCC.
This target is in line with the vision of a
2,000-watt society, originated by the Swiss
Federal Institute of Technology in Zurich at
the end of 1998, in which each personinthe
developed world would cut its overall rate
of energy use to an average of no more than
2,000 watts (i.e. 17,520 kilowatt-hours per
year of all energy use including renewable
energies) by the year 2100 (or increase up
to 2,000 watts for developing countries ac-
cordingly), without lowering its standard
of living (www.novatlantis.ch). The limit of
2,000 watts or one ton of CO, per capita
and year refers to around 500 watts of fos-
sil fuels. If the fossil fuel energy needs are
reduced in line with this vision, the ambi-
tious CO, target can be achieved in the sec-
ond half of this century or at the very lat-
est, in the course of the next century. The
energy and climate-related challenges are
overlapping and closely related. It is there-
fore not solely important to enhance mate-
rial and energy efficiency, but also to sub-
stitute fossil fuels by renewable energies in
order to give CO, reduction a further boost.
The overall aim of the vision (1 ton CO, per
capita and 2,000-watt society) is that the
quality of life does not undergo any restric-
tions. On the contrary, security, health, the
comfort and individual development of
people are all improved whereas incomes
would rise by around 60 percent in 50 years
(Novatlantis 2005). The overall goal is to
reduce energy per capita demand by two
thirds while increase energy services by two
thirds, meaning that mainly the primary en-
ergy demand which is being lost in energy
conversion would be drastically reduced.

What are the strategies for achieving
a low-carbon economy?

There are three main strategies which need
to be tracked and combined on the road to
a low-carbon economy:

»  Efficiency: autonomous technology
development and additional increase
in material and energy efficiency.

»  Substitution: Substitution of fossil-
based energy by renewable energies or
switch to less CO,-intense fossil fuels.

»  Sufficiency: New living and consump-
tion behaviors (e.g. using instead of
owning).

A study published by WWF (WWF/Infras
2008) for Switzerland analyzes the possi-
bilities of achieving national CO, emission
reductions of 60 percent until 2035 with
regard to 2001 taking into account today’s
available technologies and the three strat-
egies and including CO, emissions from
embodied energy. Figure 4 visualizes the
logic of the strategies and shows that the
lion’s share of abatement can be achieved
by efficiency developments including au-
tonomous technology development (minus
50 million tons CO,) followed by the strat-
egy of substitution of oil and gas by renew-
able energies (minus 34 million tons CO,).
However, also behavioral changes in form
of sufficiency strategies are needed to
achieve such a substantial emission reduc-
tion. The potential is virtually much higher
than displayed in figure 4 (as there is no
limit for the extension of the sufficiency
strategy), which only indicates the potential
up to reaching the overall goal of minus 60
percent.
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Strategies for the reduction of CO, emissions
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Figure 4 Strategies for the reduction of CO, emissions, Reference Condition 2035.

Reference: WWF / INFRAS 2008.

What are the entry points to achieve
the vision?

How can an economy achieve such dras-
tic reductions as outlined in figure 4 and
is such a vision politically and technically
feasible? The transition to a low-carbon
economy requires a fundamental change
in the innovation system such as research,
policy, education, standards, etc. These
systems must be continuously extended
and integrated into the country’s policy on
innovation and sustainable development.
Furthermore, a low-carbon economy or a
2,000-watt society shall be a vision not only
for one single country, but rather for the en-
tire world because it enables the balance
between industrialized and developing
countries and thus makes it possible for all
people to enjoy a good standard of living. As
outlined by STO (2008), the following entry
points can be named in order to achieve the
vision of a low-carbon economy:

Decarbonizing electricity generation

Decarbonization of electricity generation
has the biggest emission reduction poten-
tial mainly due to a combination of increase
of renewables, carbon capture and stor-
age, improved carbon efficiency and fuel
switching.

> An important goal is the success-
ful achievement of fuel switch, either
between fossil fuels (for example gas
rather than coal), or by deploying prov-
en low-carbon technologies with costs
already fully or close to competitive
with fossil fuels (such as wind on best
sites or hydro).

> In parallel, technology developments
and support to exploit potentials from
solar, tidal, wave and biomass are ur-
gently required to help them catch up
cost effectiveness and reduce fossil



14

fuel dependency in the long run. Re-
cent studies have shown that a 100%
renewable electricity supply in Europe
is possible by 2050 (PwC et al. 2010,
SRU 2010). Such a rapid scaling up of
all forms of renewable power could be
achieved if supported by an efficient
transmission grid, a single European
power market united with similar grids
and markets in North Africa (PwC et al.
2010).

Energy efficiency in the use of electricity

Electricity demand varies significantly
by season, day of the week, and time of
day. Furthermore, renewable electric-
ity supply from wind, tide, wave or solar
varies in line with natural conditions.
Therefore, management of the demand
and supply of electricity, mainly via
technologies which change the tem-
poral relationship between electricity
supply and demand is of great impor-
tance. To achieve the full potential of
low-carbon energy sources and mini-
mizing any additional costs incurred in
moving to a low-carbon economy also
depends on a range of technologies
which make it possible to shift the tim-
ing of electricity demand (e.g.technolo-
gy improvement for the central storage
of electricity, or for converting surplus
electricity into potential energy to be
used for electricity generation at peak
periods).

Opportunities to increase efficiency
in the use of electricity in residential
and commercial housing play a ma-
jor role. Greatest achievements could
be made by applying energy-efficient
end-use technologies in the field of air
conditioning, lighting and applianc-
es. Modern efficient air conditioning
technologies could reduce electricity

consumption, e.g. for up to 38 percent
at negative costs in the EU. The global
shift from incandescent to compact
fluorescent bulbs would reduce elec-
tricity consumption by 18 percent at
negative costs (STO 2008).

The opportunities to reduce demand
of electricity in industrial processes is
less thanin commercial and residential
buildings, but still significant.

Transport: more efficient vehicles, new
fuels and demand containment

More efficient vehicles are one of the
key technologies for emission reduc-
tions, even if the fuel source remains
petrol or diesel (such as improved
aerodynamics, light-weight materials,
engine system improvements or hybrid
systems).

New transport fuels can play a further
role in reducing emissions from the
transport sector such as electricity,
hydrogen and biofuels (second genera-
tion biofuels to be preferred as they are
not competing food security).

Influencing transport mode and behav-
iorisanotherimportant focus.Although
advances have been made in the trans-
port sector with regard to energy ef-
ficiency (mainly regarding cars and
airplanes), they are not keeping pace
with the exponential growth of these
modes. What is needed, on one hand, is
a behavioral change with regard to con-
sumption reduction either via substitu-
tion of mobility (e.g. video conferencing
instead of face to face meetings) or by
sufficiency (e.g. abandonment of rec-
reational long distance flights). On the
other hand, sustainable land use and
transport planning can organize the
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transport system more efficiently and
at the same time contribute to a reduc-
tion of carbon emissions.

Heating: energy efficiency and new
energy sources

>  Globally, the production of heat ac-
counts for around 55 percent of final
energy use.

»  Thereis a huge potential for space and
water heating in residential and com-
mercial buildings mainly due to im-
provements of insulation, boiler effi-
ciency or new sources of energy.

»  The reduction opportunities for heat in
industries are less than in the building
sector. However, there are opportuni-
ties to improve the efficiency of indus-
trial processes (mainlyiniron and steel,
non-metallic minerals, chemicals and
petrochemicals, pulp and paper indus-
tries) to reduce heat demand either
without changing energy source (e.g.
switching to dry-rotary kilns for cement
production would save 12 percent of
emissions), or by switching from coal to
gas in locations where this is feasible.

All reasonable scenarios of climate stabi-
lization seem to lead to decoupling needs
in the vicinity of factor five within the next
couple of decades (von Weizsacker 2010).
As outlined in the recently published book
“factor five” (von Weizséacker 2009a), there
exists now a real potential to cost effective-
ly achieve 80 percent, or five-fold, improve-
ments in resource productivity across most
of the major economy sectors (buildings,
industry, agriculture and transport) (sec-
tor potentials are summarized in figure 5).
Factor five is taking into account a “Whole
System Approach” meaning that large re-
source efficiency gains are achieved when

the whole system is considered (e.g. not
only think in the order of energy-efficient
light bulbs but rather think in the order of
the building as an entire systems (see also
Chapter 4 “Efficient and Smart Building”)).

Hence, for achieving the vision of a
low-carbon economy all spheres of a soci-
ety, such as different sectors, politics and
individual behavior, have to be taken into
account. The fact that renewable forms of
energy play a central role here is self-evi-
dent in view of the declared target. Energy
efficiency improvements and substitution
of fossil fuels are turning keys to achieve
significant abatements within the entire
economy.
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Figure 5 Source:von Weizsacker 2009b
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Commercial Building
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m Efficient lighting
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buildings
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What are the implications on
a macro level?

Technical and economic feasibility to trans-
form current economies into low-carbon
economies has been increasingly recog-
nized in several studies. Welfare implica-
tions of such a transition have been as-
sessed (e.g. by Bretschger et al. 2010, STO
2008, McKinsey & Company 2010), all re-
sulting in similar conclusions: a transition
towards a low-carbon economy is economi-
cally feasible and does not trigger welfare
loss, but rather increases welfare. Many
sectors such asrenewable energiesand en-
ergy efficiency technologies will experience
significant increase in global investments
within the next decades, whereof early
movers can benefit by exploiting competi-
tive advantages. The global market volume
of energy efficiency and renewable ener-
gies for 2020 is estimated to reach a level of
more than EUR 1,645 billion, in comparison
with EUR 695 billion in 2007 (BMU 2009).

In order to achieve a low-carbon econ-
omy, investments need to be done in the
short term. However, cost savings in the
long run (e.g. from energy efficiency or oth-
er measures) would offset these additional
investments to be done initially. Further-
more, inaction would trigger huge costs to
society (Bretschger et al. 2010). Costs of
adaptation have been estimated at around
5 to 20 percent of global GDP in 2100 if a
“business as usual” growth of GHG emis-
sions continues (Stern 2006). The road to a
low-carbon economy requires a change of
paradigm from increasing labour produc-
tivity to increasing resource productivity
(von Weizséacker 2010).

To achieve a successful transformation
towards a low-carbon economy an optimal
mix of policy instruments is needed. Putting
a price on carbon (taxes or tradable per-
mits) (UNDP 2007) is an important element
of any climate change mitigation strategy,
emphasizing the cost factor for any eco-

nomic activity. Cap and trade system such
as the European Union Emission Trading
Scheme (EU ETS) are a pioneering instru-
ment to find a market-based solution to in-
centivize cuts in greenhouse gas emissions.
Efficiency standards can provide incentives
to develop more efficient technologies (for
instance in the building sector), whereas
financial incentives such as subsidies and
tax credits are used to stimulate the diffu-
sion of new, less greenhouse gas-emitting
technologies (IPCC 2007).
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Implications for
sectors

Greenhouse gas emissions as a risk
or opportunity factor

With stronger climate regulations and in-
creasing energy prices, the level of green-
house gas emissions and carbon intensities
of sectors will in the future become more
important. Sectors providing the same ser-
vice less carbon-intensive than other sec-
tors (e.g. wind power sector providing less
carbon-intensive electricity than coal pow-
er sector) will comparatively be better posi-
tioned with regard to regulatory and energy
price risks.

Figure 6 provides an overview of the
carbon intensity of selected sectors.

Carbon intensity of selected industries

CIU total (tons of CO, eq per mio. turnover)
10,000

Sectors highly relying on fossil fuels
such as coal, oil or gas power generation
have a high emission risk. This is especially
the case for sectors where less carbon-in-
tensive alternatives are developing quickly
and are getting more affordable, such as
wind-powered electricity generation for
example. In general terms, sectors relying
on low-carbon technologies and products,
such as renewable energies and sectors
producing energy-efficient products (e.g.
for the building sector) are in a winning po-
sition.

A challenge arises to sectors producing
goods with high absolute direct and indi-
rect CO, emissions (e.g. cement industry).
They are increasingly under pressure to
look for more efficient energy sources and
substitution potentials to less CO,-intense
inputs in order to be able to reduce their
overall CO, emissions. Mostly affected are

9,000 M Energy sector
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Figure 6 Carbon intensity of selected industries that are part of the energy, transportation or building
sectors. The Carbon Intensity Unit (CIU) is defined by tons of CO, equivalents over the entire value chain
per one million USD of turnover. Power production refers to the wholesale of self-generated electric power
from the respective energy source (coal, oil, gas, hydro, etc.). Clay product manufacturing refers to brick,

tile,and other structural clay product manufacturing.
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industries which currently still profit from
the relatively cheap provision of mineral
oil, such as companies producing synthet-
ic material. Some of these industries be-
long to the most carbon-intensive sectors,
which increases their risk in terms of CO,
restrictions.

In transportation, the picture also
shows a broad range from the carbon-in-
tensive air transportation and automobile
sector to more carbon-friendly modes of
transportation such as trains.

In general, companies that operate
their own processes efficiently and there-
fore have a lower carbon intensity in pro-
duction compared to their competitors
within the same sector will have less finan-
cial burden caused by high energy prices
or CO, taxes. Simultaneously, they are also
reducing their dependency on fossil fuels.
They can pass on these realized savings to
their customers and therefore indirectly in-
crease their competitiveness.

Mitigation potential of sectors

The carbon intensity alone does not give the
full picture when assessing risks and op-
portunities arising from greenhouse gas re-
lated issues. The potential for emission re-
ductions has also to be taken into account.
In order to optimally exploit the existing
mitigation potentials, a cross-industry ef-
fort is needed to cut down emissions. This
means, that no stand alone measures shall
be aspired, but rather a transformation of
entire systems and industries towards a
low-carbon economy need to be aimed.
There is substantial economic poten-
tial for the mitigation of greenhouse gas
emissions in all sectors which could reduce
emissions below current levels (IPCC 2007).
For OECD countries, large potentials can
be found mainly in the energy supply sec-
tor, the buildings sector and transportation
whereas in developing countries a high mit-

igation potential is also identified in indus-
tries, agriculture and forestry. At a global
level, technical mitigation opportunities at
costs of less than EUR 60 / ton of CO, eq*
related to energy efficiency, low-carbon en-
ergy supply and terrestrial carbon add up to
a total potential of 38 gigatons of CO, eq per
year in 2030 relative to an annual business
as usual scenario of 70 gigatons CO, eq
(McKinsey 2009).

Most of the mitigation options under-
lying these potential estimates are based
on known technologies, but some of them
are not expected to be competitive until the
end of the 2020-2030 period. Strategies
and entry points for achieving these mitiga-
tion potentials and therewith the vision of a
1ton CO, society, are described in chapter 3.

Promising technologies and solutions
with high mitigation potential can be found
inall sectors. Some examples of the sectors
energy supply, buildings and transportation
are briefly illustrated below.

4 Equivalent carbon dioxide (CO, eq) is a measure
for describing how much global warming a given type
and amount of greenhouse gas may cause, using the
functionally equivalent amount or concentration of
carbon dioxide (CO,) as the reference.
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Smart Grids

Electricity demand is supposed to further
increase due to various trends such as in-
stallation of more heating pumps, electri-
fication of transport or an increased use
of electronic devices. Technologies and
systems that help to optimize the elec-
tricity supply system and monitor con-
sumption are therefore getting increas-
ingly important. An upgrade of the current
electricity grid is required in order to be
able to service distributed generation and
large scale sources of renewable power
(PwC et al. 2010).

In a sustainable electricity system,
Smart Grids and Smart Meters will lead

Smart Grid
A vision for the future — a network of integrated
microgrids that can monitor and heal itself.

Smart appliances

Can shut off in resonse to
frequency fluctuations.

Solar panels

Offices

Processors

Execute special protection 0
schemes in microseconds.

__Storage ﬂ

o] Energy generated at off-
peak times could be stored
in batteries for later use.

Generators

Energy from small generators
and solar panels can reduce
overall demand on the grid.

to an integrated electricity supply, decen-
tralized power production (especially from
renewable energy sources), storage opti-
mization (e.g. plug-in vehicles) as well as
minimization of losses and optimization
of consumption. Electricity will increas-
ingly be generated in decentralized small
units; even buildings can become energy
producers. Photovoltaic modules on the
roof provide energy, which is directly fed
into the grid. The Smart Grids interacts
with consumer appliances and can bal-
ance the fluctuating electricity supplied
by many decentralized energy providers,
like wind and solar power plants. Figure 7
shows an example of a Smart Grid.

Demand management

.. 4 Use can be shifted to offpeak
A times to save money.

P

F Disturbance
! inthe grid

Detect fluctuations and
disturbances, and can signal
for areas to be isolated.

-’
-
-
I Isolated microgrid

Central power plant

N—
Lk

—

Figure 7 Example of a Smart Grid (Website tiny comb 2010)

With the “Smart Grid”, electricity supply is
optimized and integrated at all levels of
the electricity supply system — from the
production over transportation, distribu-
tion and storage. Furthermore, the con-
sumption can be automatically regulated,

e.g. consumption of water boilers as well
as the activation of consumers like stor-
age batteries in cars or PCs as energy
storages.

Another central element to pave the
way for a sustainable electricity system
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and data management are Smart Me-
ters, which are metering systems based
on modern technologies. They can read
the meter of electric utilities over a long
distance, communicate with energy pro-
viders and households, manage the data
gained thereby and make them available
for energy producers as well as energy
consumers. As a result of the implemen-
tation of Smart Meters, user behavior

Efficient and smart buildings

The huge mitigation potential of the build-
ings sector can only be explored by apply-
ing an integrated approach, combining all
relevant elements such as improved in-
sulation, automated air conditioning, and
use of renewable energies for heating or
systems that reduce energy losses.

The so-called “Passive Houses” have
the overall objective to reduce energy
losses whenever possible. Passive Hous-

Solar cells

might change and peak demand could be
better managed (Infras/TNC Consulting
AG 2010). Grid operators can make their
customers tailored offers of cheap elec-
tricity at certain day times. So it would be
possible to charge car batteries or use
energy-intensive appliances like washing
machines during such off-peak tariff pe-
riods (Infras 2009).

es make use of solar and geothermal en-
ergy as well as of the warmth of people,
lighting, electrical equipment etc. to heat
the rooms. This is possible because in
Passive Houses, up to 80 % of the heat in
the used air can be recovered by a spe-
cial ventilation system. In addition, the
building is constructed without thermal
bridging and with optimal proportions to
avoid heat losses. The hot water demand
is also met by renewable energies. Due to
the combination of smart technologies in

63 m? photovoltaiccells deliver the hydrogen
for at least a range of 13,000 km / year

em— [ eCtricity
— Oxygen
e Hydrogen

BZ

ol 0

Figure 8 The vision of how houses and cars could be associated in symbiosis to build a clean energy

system (SATW 2008).

Inrate Sustainability Insight, June 2010
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Passive Houses, the energy consumption
of single-family homes for example could
be cut down to only 150 liters of heating
oil per year (website IG Passivhaus). Lat-
est developments even go towards the
concept of so called PlusEnergy houses,
which has been implemented in various
communities. The PlusEnergy house has
a positive energy balance, means that
it produces more energy than it actually
needs. The house generates its own elec-
tricity and heat based on solar energy,
uses them intelligently, and retains them
in the building’s structure (www.plusen
ergiehaus.de).

Smart Buildings are buildings which
are developed, built or operated with an
integral use of information and commu-
nication technologies. With such auto-

Electrification of transport

Greenhouse gas emissions of the trans-
port sector continue to grow and account
for 19% of total greenhouse gas emis-
sions in Europe (EEA 2010). Energy effi-
ciency gains of different means of trans-
port and the introduction of renewable
fuels were so far not sufficient to com-
pensate the growth of transport volumes.
Electric and plug-in hybrid vehicles
provide promising opportunities for
the development of a more sustainable
transport sector. In the last years, espe-
cially the hybrid technology has gained
importance and greater efforts to develop
affordable, high performing electric ve-
hicles were made. But still, only a limited
number of vehicle types are currently for
sale, and commercially available plug-in
hybrids have not been introduced yet.
Main barriers for a massive expan-
sion of electric transportation are: Low
energy content of the battery compared

mation and monitoring systems, energy
efficiency can increase and energy con-
sumption can be significantly reduced
during the building’s entire life cycle:
heating, ventilation and air conditioning,
lighting, and operation of electronic ap-
pliances.

In the future, also an interaction of
smartbuildings and clean, efficientcarsis
thinkable. Solar energy converted to elec-
tricity by photovoltaic cells on the roof of
the buildings would not only meet the en-
ergy requirements of buildings but could
also charge the battery of an electric car
or be fed into the grid. Also possible, but a
longer way off, is the symbiosis of a clean
house and a hydrogen cell-fuelled car as
proposed by Belenos Clean Power AG.

to gasoline, still high purchase costs, lim-
ited driving range, long charging time and
a large charging infrastructure, which is
still not available. The current combus-
tion engine based system benefits from
economies of scale and is well estab-
lished, which makes it difficult for a new
system to reach a critical mass.

On the other side, the advantages
and potentials of electric transportations
are significant. Electric vehicles have the
potential to use a large range of energy
sources. They could substantially cut CO,
emissions or even provide carbon-neutral
mobility if run on renewable electricity
and thus improve local air quality.

Assumptions differ substantially with
regard to the market potential of electric
vehicles. Different studies and visions as-
sume that electric vehicles and plug-in
electric vehicles have a market share of
2 to up to 15% of the total passenger car
fleet in Europe in 2020 (Enerdata 2009,
McKinsey 20086, Alpig 2010).
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Share of EV and PHEV of total car fleet in Europe (in %)
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Figure 9 Source: Enerdata 2009, McKinsey 2006, Alpig 2010.

Although the more ambitious scenarios
seem to be extremely optimistic and need
fundamental policy and behavior chang-
es, the potential of electric vehicles (EV)
and plug-in electric vehicles (PHEV) is
significant.

Electrification of transport requires
a change of the whole system and an op-
timal combination of efficient cars, ap-
propriate infrastructure and provision of
renewable electricity. It therefore not only
offers business opportunities for the au-
tomotive industry, but also for component
manufacturers (e.g. metering compo-
nents), electricity producers and distribu-
tors and for infrastructure supplier.

New models could provide incentives
to car users to charge batteries off-peak
and with renewable electricity only. EV
and PHEV batteries could be used for en-
ergy storage in times of excess renewable
energy supply, which offers opportunities
for providers of smart metering and smart
storage technology solutions. Smart me-
tering would enable concepts like smart
charging of batteries whenever renew-
able electricity is available and charging
when renewable electricity production

exceeds demand (Kampman et al. 2010).
Alternatively, models are already tested
where car owners would not own the bat-
tery but would pay a subscription fee. Bat-
tery changing stations would allow them
to have their depleted battery exchanged
immediately (BEE 2010).

The effects of a strong electrification
of transportation on the power supply
sector are generally assessed as moder-
ate. The additional energy demand from
EV and PHEV will remain limited in the
coming decade compared to the current
electricity demand. For 2020, the electric-
ity consumption by road transport will
represent less than 1% of total power
consumption, for 2030 between 2 and 4%
of total power consumption (Enerdata
2009).

Appropriate policy instruments are
required to ensure that the low carbon
potential of electric transportation is fully
explored and that additional electricity
use for transportation is green.
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Implications for
companies

The transition to a low-carbon economy
will both pose challenges and at the same
time bring opportunities for companies. Low
greenhouse gas (GHG) intensive companies
and companies providing less carbon-inten-
sive products and services are in a better po-
sition than their competitors to handle this
transition (Maillard et al. 2007).

However, it is difficult to assess GHG in-
tensities of companies because corporate
reporting fails to provide consistent, compa-
rable and full value chain data. envIMPACT®
is a quantitative methodology developed
by Inrate for assessing the greenhouse gas
intensity of companies for the entire value
chain (i.e.due to production, supply chain and
product use). It uses extended environmental
input-output analysis data combined with
life cycle inventories and life cycle assess-
ments to quantify the GHG intensity of some
500 process activities. By including the GHG
emissions for the use and disposal phases
of products, the methodology overcomes
the problem of the availability of GHG emis-
sions data published by companies (Figure
10). Whereas companies tend to consider
direct emissions caused during production
and eventually those induced by their supply
chain as part of their management responsi-
bility, indirect emissions caused by the use-

Illustrative example of a value chain

Supply Chain Production

.

phase of the products are often excluded
from firms’ strategic considerations.

envIMPACT® has been used since five
years to assess companies in major indus-
tries and stock markets around the world.
It allows investors to assess the exposure
of companies, portfolios and assets to GHG
risks and opportunities. It provides precious
insights for identifying the least carbon in-
tensive companies within a sector and for
identifying those positioned on activities
that are driving systemic changes towards
a low-carbon economy. For analytical pur-
poses, too, envIMPACT® allows identifying
the source of companies’ GHG impacts and
therefore helps focusing on key part of the
value chain (production, supply chain or
products).

As shown in figure 6, GHG intensity dif-
fers largely between sectors but also be-
tween companies within the same sector
(figure 11). The importance of the use phase
for a company’s overall carbon intensity can
clearly be illustrated in the energy sector
(figure 11). Companies that are primarily in-
volved in the extraction of crude oil and natu-
ral gas exhibit higher carbon intensity during
the use phase of products, as GHG is emitted
when petroleum or gasoline is combusted.
As a result, the total carbon intensities of oil
and gas extracting companies are high. For
companies involved in the oil and gas ex-
traction process only (e.g. Noble Energy), the
overall the carbon intensity is higher than
for companies that refine petroleum prod-

Disposal

i - @

Figure 10 Illustrative example of the carbon intensity of a product over the entire value chain.
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Carbon intensities of companies in the energy sector
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Figure 11 Carbon intensities of companies in the energy sector. The Carbon Intensity Unit (CIU) is defined
as tons of CO, equivalents per million USD of turnover. The different colors of the bars indicate the carbon
intensity of the supply, production and use phases of the products.

ucts and manufacture petrochemicals, since
higher added values are generated with such
manufacturing processes (e.g. Royal Dutch
Shell and Exxon Mobil).

Other than for the oil and gas industry,
the GHG emissions during the use phase of
products are of minor importance or not rel-
evant to some companies in the energy sec-
tor.In such cases, the carbon intensity during
the production phase is more important, like
for the gas utility Osaka Gas that produces
electricity from natural gas (apart from their
involvement in pipeline transportation and
natural gas distribution which are important
for these company’s use phase carbon inten-
sities). Because natural gas is combusted
during the electricity production process, it
causes GHG emissions during the produc-
tion phase only.

Companies that produce electricity from
renewable energies like hydropower, solar or
wind power do not emit GHG during produc-
tion and use phase. Only the supply phase
where the production of supplied materials
and technologies is taking place is carbon-

intensive. Most electric utilities, however,
have a mixed portfolio like Raetia Energie or
Iberdrola that generate electricity from hy-
dropower as well as from gas and/or wind.
Such companies emit GHG both in the supply
and the production phase.

The examples of the energy sector
clearly show that taking into account car-
bon intensities of the entire value chain is
crucial. Whereas for some companies direct
production emissions are most significant,
for others emissions during the use phase
are most relevant (e.g. energy consumption
of cars, electronic devices etc.). Even when
these emissions occur outside a company’s
boundary system, they are in many cases
crucial for assessing their true carbon risks
and opportunities and exploring the avail-
able mitigation potential of an industry.

Companies with low carbon intensities
over the entire value chain are less exposed
to regulatory risks and increasing energy
prices. They are therefore better positioned
in the fundamental transition to a low-car-
bon economy.
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The role of the
financial markets

Before the global financial crisis, “clean
tech” stocks started to show up in many
portfolios. “Clean Tech” seemed to be the
answer to the ever growing energy and re-
sources demand of the global economy on
one side and to lower carbon intensity of
the world economy on the other. Today, in
the middle of an emerging oil production
crisis (Gulf of Mexico oil spill) and as a con-
sequence of depressed stock prices of oil
companies, investment reports advocate
buy and hold recommendations for “high
carbon stocks”.

Will capital flows towards low-carbon
technologies find appropriate and competi-
tive financing conditions? Or is the transi-
tion to a low-carbon economy slowed down
by capital markets because of this revival
for “high carbon stocks™?

Risk of misallocation

The key role of financial markets is to al-
locate capital (i.e. resulting from savings)
to its most productive and least risky use.
Market theory assumes that this is the nat-
ural outcome if certain conditions are met:
no major restrictions to the market, con-
stant and friction-free adjustment to new
information and shocks, minimal liquid-
ity, access to information and transpar-
ency. Under such conditions, rational ac-
tors make sure that the market mechanism
leads to reasonable results, meaning that a
sector like energy production and distribu-
tion would find adequate and fair financing
conditions according to return possibili-
ties and risks involved. Practice can how-
ever deviate from this theoretical picture.
All savings and investment decisions are
about the future, therefore expectations

are counting. First, expectations can shift
rapidly according to new information and
are not necessarily based on factual data.
As a consequence, markets tend to overre-
act and lead to temporary misallocation of
capital and disturbed prices.

Second, the misperception of risk and
return potential of sectors can lead to capi-
tal bottlenecks. It took a long time until
banks provided the necessary credits for
the financing of clean tech infrastructures.
Both effects are disturbing the proper allo-
cation of capital to the “right” investments.
Thiscan favouror penalize certain branches
and sectors. Investors with distinct expec-
tations or preferences can counteract this
and feed a new branch with capital, thus
enabling the development of new technolo-
gies.Clean Tech is such a new branch which
is rather growing under private equity in-
vestors. A distorted risk perception in the
sense that new clean tech would be con-
sidered systematically too risky compared
to traditional energy could therefore lead to
a misallocation.

High importance of “high carbon stocks”

Energy stocks are attractive. They are offer-
ing above average return at — in some pe-
riods — even low risk. In the past five years,
energy stocks outperformed by 2.9 percent
the global equity market (MSCI World Index)
while in the last ten years an extra return of
3 percent (p.a.) was generated. Graphical
analysis is giving the impression that this
extra return is in some way related to the
peak in oil price between 2007 and 2008.
So, why not invest in oil stocks?

Market capitalization of energy stocks
is in fact considerably high. This sector’s
share of the world equity market became
even more prominent during the past five
years and is currently slightly above 10 per-
cent. Among the ten largest companies by
market capitalization we find two oil sup-
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Prices of energy stocks
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Figure 12 Calculation by Inrate

pliers, Exxon and British Petroleum (see
figure 13). According to the Morgan Stanley
Capital Market Index, the energy sector in
the global equity market is exclusively com-
posed of oil and gas suppliers, all “high car-
bon stocks”.
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Ten largest companies by capitalization and turnover

March 2010 Capitalization Percentage in Turnover 2009

(in Mio.USD) MSCI World (in Mio. USD)

1 Exxon 697,220 1.4 1 Royal Dutch 458,361
2 Microsoft 520,460 1.1 2 Exxon Mobile 442,851
3  Apple 466,450 1.0 3  WalMart 405,607
4 General Electric 427170 0.9 4 BP 367,053
5  Protor & Gamble 407,530 0.8 5  Chevron 263,159
6  Johnson &Johnson 392,800 0.8 6  Total 234,674
7 Nestlé 387,890 0.8 7 ConcoPhillips 230,764
8 BP 387,890 0.8 8 ING 226,577
9  Bankof America 387,890 0.8 9  Sinopec 207,815
10 HSBC 387,890 0.8 10 Toyota 204,302
Total 49,100,000 9.1 Total 3,041,163

Figure 13 Sources: MSCl and Forbes

A quick comparison with the ranking of
global companies according to turnover re-
veals that market capitalization does not
simply reflects size, but also profitability
and growth dynamics. None of the largest
ten companies by turnover is appearing
among the largest caps.

World energy supply and infrastruc-
ture requires high investments and is a very
capital-intensive sector. Financial markets
do provide the required capital. Often legal
structures with high engagement of gov-
ernments or political actors are contribut-
ing to a low risk profile, bringing more favor-
able conditions for energy suppliers with a
high carbon product portfolio.

Drivers of capital markets

Roughly speaking, the market capitaliza-
tion of a company is the result of profitabil-
ity and size. But it is not the current prof-
itability that counts but expected profits
and profit growth. Compared to the average
market, oil stocks did well. One of the driv-
ers behind this was the increase in oil price.

Higher oil prices can also be an indica-
tor of future scarceness. The costs for ex-

ploiting new oil fields are rising. Not only
because off-shore is moving out into deep
and high risk waters. Drilling goes deeper
into soil, there is the need to add pressure
to bring the oil up and transportation infra-
structure has to be built. Consequences are
simple: the expected profit margin increas-
es but notin line with oil prices.

High oil prices are driving another sec-
tor of the economy too, namely alterna-
tive energy (see figure 14): A high oil price
means that alternatives to oil are becoming
more attractive. The higher the oil price the
sooner they will reach profitability. This is
even true for photovoltaic cells (PV) which
financially are far less attractive than wind
energy. Higher than expected oil prices bol-
stered by sinking installation costs per watt
made solar cells and their fabricants look
attractive for investors (see figure 14). The
share of the largest solar US company, First
Solar, developed far higher than the ma-
jor oil stock, Exxon. Despite high volatility,
“clean tech” or “low-carbon” stocks have al-
ready proven their financial attractiveness
in equity portfolios.
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Equity prices and oil: Exxon and First Solar
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Figure 14 Source: American Stock Exchange (calculation by Inrate)

Shift towards “low-carbon” stocks

Financial market conditions have been fa-
vouring oil and gas stocks and are in some
sense preserving the current energy struc-
ture. But this is not necessarily true in the
future. Financial markets will rapidly adapt
to changing conditions. The more alterna-
tive “low-carbon”companies are considered
an attractive investment, the more capital
will flow into this direction. Long-term in-
vestors will move first and thus accelerate
the shift towards a low-carbon economy.
And the faster “clean tech” companies will
find better financing conditions, the more
rapidly they will develop. This will have an
impact of sector structures, as changing
business volumes and valuations dislocate
historical proportions between sectors and
within sectors.

Two trends can be outlined. First, the
long period of cheap energy could end.
Between 1970 and today, the oil price in-
creased from USD 2 to USD 62 (an increase
of 8.6 percent per year) equivalent to a shift
in the price level by a factor of four in the
last 40 years (see figure 15). This is a re-
markable increase. But the prices of other
products increased, too. The real oil price
takes this into account.

In general, high energy prices are strong
incentives for better energy efficiency and
making “low-carbon” stocks (clean tech)
more attractive. Of course, the transfor-
mation towards other energy resources is
slow. It needs considerable changes in cap-
ital intensive and long living infrastructure,
innovations in many applications, change in
consumption patterns (renewal of stocks)
and a change in the key features of real es-
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tates. These are all long lasting processes
- and the trend towards higher energy pric-
es started only two to three years ago. But
there is no evidence that oil will become as
cheap as it was ten years ago. As there are
few to no evidences that oil and related pri-
mary energies will become cheap again, the
already started processes should go on.
Second: regulation and enforcing li-
abilities will shift costs towards energy us-
ers. Climate policy, whether globally coordi-
nated or at national level, will add to such
costs. In this context, oil and other “high
carbon” energy sources are in a rather un-
favorable position. The huge oil spill in the
Gulf of Mexico will probably increase the
pressure on regulators to enforce financial
compensations. First estimates are show-
ing that around 10 percent of the annual
turnover of the involved company (BP), the
fourth largest in the world, is at stake. This
would lower its profitability considerably.

Integrating the now “external” costs of cli-
mate change and pollution into “high car-
bon products” will add to the pressure on
profitability in this segment of the global
economy and at the same time increase the
attractiveness of new energy sources.

It's a long time process which can be
taken into account by long term investors.
The sooner investors are moving more capi-
tal towards this direction, the earlier clean
tech will become relevant also in quantita-
tive aspects and the carbon intensity of the
economy will be decreasing.
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Conclusions

Reducing global warming, and its risks and
consequences require the stabilization
of the global average temperature on not
higher than 2 degrees Celsius compared to
pre-industrial levels. Most likely, this target
canonly be achieved with significant green-
house gas emission cuts of =50% at global
level, =80% in industrialized countries by
2050 compared to 1990 level. Such a tran-
sition to a low-carbon economy requires
fundamental change in lifestyles, economic
and innovation system.

The vision of a low-carbon society can
be described as a society that cuts its CO,
emissions to 1 ton per capita and its energy
use to 2,000 watts per year without lower-
ing its standard of living. Such deep cuts of
energy use and greenhouse gas emissions
are possible at manageable costs without
undermining welfare. The necessary ele-
ments and entry points are available. Reg-
ulatory instruments to path the way to a
low-carbon economy such as CO, taxation,
cap and trade systems as well as incen-
tive structures have been successfully ap-
plied in different contexts. Strategies and
technologies to cut emissions by a factor 5
are available and proven. Decarbonization
of the economy requires a systematic ap-
proach taking into account the entire value
chain of a service or industry. And it re-
quires an optimal combination of efficiency
strategies, large scale substitution of car-
bon intensive energy by renewables and
sufficiency strategies. Such integrated ap-
proaches e.g. for smart energy supply sys-
tems, intelligent buildings or electrification
of transport offer huge opportunities for
several companies in the entire value chain.

For economic sectors and companies,
their greenhouse gas emission intensi-
ties are getting increasingly important as
a risk or opportunity factor. Systematically

assessing the greenhouse gas intensity of
sectors and companies for the entire value
chain is therefore a first step to identify
their carbon-related risks and opportuni-
ties. Sectors and companies with relatively
lower carbon intensities are less exposed
to regulatory risks, volatile and increasing
energy prices and are better positioned to
handle the transition towards a low-carbon
economy.

Financial markets will adapt to chang-
ing conditions. The importance of “high car-
bon stocks” decreases as soon as estima-
tion on profitability downgrade. The long
term trend to a higher oil price is the driv-
ing factor also behind the capital markets,
as investors will shift towards “clean tech”
The sooner investors are moving capital to-
wards this direction, clean tech will become
relevant, also in quantitative aspects and
the degree of carbon intensity of the econ-
omy will decrease.
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