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Abstract

Energy intensity improvements in industry have been significant over the past
two decades. Further improvement potential can be tapped if targeted policy
action is taken. However, the household, tertiary and transport sectors have
even higher energy savings potentials. Energy savings policies improve
industrial competitiveness and provide for economic benefits to society.
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EXECUTIVE SUMMARY

Background and aim

In view of the revision of the EU Energy Efficiency Action Plan foreseen in 2011, the
Committee on Industry, Research and Energy (ITRE) of the European Parliament requested
this briefing paper on the "Overview of Energy Efficiency measures of European industry".
It is the aim to provide background information and advice for the Members of the ITRE
Committee on energy efficiency achievements and future trends in the European industry.

Achieved energy efficiency improvements in industry

Energy efficiency in the industrial sector was improved by 30% in the EU 27 for the period
1990-2007, representing an average 2.1% annual improvement. The main contributions
have been achieved by the chemical and machinery branches. In the three most energy
intensive sectors paper, chemical and steel, the production has constantly increased, while
the specific unit energy consumption of each sector has decreased.

The performance in energy efficiency improvements varies significantly among Member
States. Between 1998 and 2006, a group of 10 countries (mostly new Member States) have
achieved larger energy efficiency improvements than the EU-27 average, while a group of
three countries have not improved their energy efficiency at all (Italy, Malta, and Spain).

Drivers of energy efficiency improvements

Overall increasing energy prices are the major driver for energy efficiency in industry.
However, the level of impact of price increase depends on the level and expected durability
of higher price levels.

A good economic climate has a tendency to have a positive impact on efficiency due to
improved investment cycles. A downward economic climate reduces the overall energy
consumption without efficiency improvements.

Structural changes include changes within an industry, notably through technology
innovation, or within an economy, notably by decreasing or relocating energy intensive
activities. In most European countries, structural changes have reduced energy intensity;
on average 30% of the reduction of energy intensity is due to structural changes.

A total of around 260 industry-targeted policy measures have been implemented or
considered by the Member States, Norway and Croatia since 1975, of which 180 measures
are being applied. Most of the on-going measures are relatively recent: nearly 70% have
been implemented since 2000 and more than 40% since 2005.

Future trends and energy efficiency potentials

Industry has a limited future potential for energy savings compared to households,
transport and the tertiary sector. Based on the European Commission funded ODYSSEE
MURE project future final energy savings potentials of the European industry of 5.9% to
6.6% by 2020 compared to the baseline scenario are estimated. In addition to energy
savings, switching to low carbon fuels, renewable energies and carbon capture are
options to reduce greenhouse gas emissions from industry.
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Roughly speaking the energy savings potential in industry is equally distributed between
the three categories of electricity consumption by process specific energy consumption,
space heating and crosscutting technologies including lighting, electric motors, pumps,
ventilation, cold supply and compressed air.

The EU Emission Trading System (ETS) represents roughly 50% of the energy
consumption in terms of total industrial final energy consumption. So far knownledge of
the impacts of the ETS on energy efficiency is very limited.

The energy savings potential of European industry by 2020 does not reveal any clear
groupings of countries, neither by size nor by geography or accession date to the EU.
Individual national industry structure and the past development play the dominant roles.

Industry sectors

58% of industrial energy consumption are represented by the four industry sectors iron &
steel (19%), chemical industry (18%), paper (11%) and food, drink & tobacco (10%). The
former three are energy intensive sectors which are covered by the ETS to a large extent.

Paper production is a very efficient process in Europe already today. The economic energy
savings potential will range from 6% to 9% by 2020. Increasing paper recycling rates
should allow for a further decrease of energy consumption in paper production.

Steel production is an efficient process in Europe. The economic energy savings potential
will range from 6% to 7% by 2020, achieving the full technical potential then. Increasing
iron recycling rates should allow for further energy savings in steel production.

Chemicals production in Europe has a notable economic energy savings potential of 17%
by 2020, which will be close to the technical potential.

Food production in Europe also has a notable economic energy savings potential of 11-
13% by 2020. Reducing food waste over the full value chain including the final consumer
estimated at around 30% could reduce food demand significantly, and could thus reduce
energy consumption, hunger, water consumption and greenhouse gas emissions.

Obstacles

Many barriers and market failures exist that impede the realisation of these savings
potentials without targeted policies. A major barrier is the relatively low importance
attributed to energy consumption in non-energy intensive industries. Other barriers include
insufficient investments in research and development, high expected returns on investment
and short payback times, confidentiality concerns related to independent energy audits, the
investor-user dilemma, the investment barrier, information deficits etc.

Small and medium-sized enterprises (SMEs) have particular characteristics which require
special attention: limited access to information, a low energy share of their expenditures,
and, due to their size, searching for funding for energy-savings measures would cost too
much transaction expenses. SMEs thus need specific measure packages.

Costs of energy savings

Energy savings can be achieved by investments in more efficient appliances, in certain
installations and in entire manufacturing plants, with the associated investment costs
covering a wide range. The financing costs over the economic lifetime of investments in
industry are assumed to be between 8% and 30%. Net economic benefits for energy
savings in industry taking account of initial investment, financing costs and energy savings
range from 25 EUR/GJ, or 7.2 ¢/kWh, down to zero.
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The energy prices assumed in the calculation of the energy savings potentials are based on
a projected oil price of US-$ 62.8 per barrel of oil equivalent (boe) in 2030. Given current
oil prices and increasing global resource constraints significantly higher actual energy
prices can be expected. Consequently, chances are high that the economics of energy
savings will further improve and will significantly enhance savings potentials.
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1. Review of improvements in energy efficiency in the
industrial sector

1.1. Achievements of the European industrial sector in energy
efficiency and energy savings: an overview

The objective of the following section is to provide an overview of the overall achievements
realised by the European Industrial sector in energy efficiency and energy savings, as well
as to identify the key periods and trends among the EU-27 Member States for the
improvements.

The study focuses on a sectoral analysis and principally covers paper, chemical, steel and
food industry branches. Different energy carriers are also considered in the analysis, mainly
electricity, gas, oil and coal.

Due to limited data availability and reliability for the period preceding 1990, the study
mainly focuses on the period 1990-2007, based on the acknowledged MURE and ODYSEE
databases. There are enough data from 1990 onwards for the EU-15 countries while data
covering the EU-27 Member States are in general only available from 1995 onwards!.

1.1.1. Performance of the European industrial sector in energy efficiency and
energy savings

Contribution of the European industrial sector to the EU-27 energy efficiency
improvements

Since 1990, the European Union has realised relevant improvements in energy efficiency,
as the EU was on average 18% more efficient in 2007 than in 1990 [ADEME, 2009b]. The
highest gains were achieved by the European industrial sector, which contributed the most
to the improvement in energy efficiency, as is demonstrated in Figure 1. For the period
1990-2007, the industrial sector improved its energy efficiency by 30%6 in the EU-
27 (ODEX)?, representing an annual improvement of 2.1%% on average since 1990
[European Environment Agency, 2010].

As a result of improved energy efficiency, the industrial sector has decreased its direct CO,
emissions by 22% since 1990 [EEA, 2009]. Beside energy efficiency, other factors can
explain the reduction of CO2 emissions and the energy savings realised in the European
industry sector, notably the fuel substation towards less carbon intensive fuel and
structural changes in favour of less energy intensive industry branches. Relevant energy
savings and CO, emissions reduction remain to be grasped by the industry sector, as
outlined in chapter 0.

! With some exceptions for Poland, Hungary and Romania [LAPILLONE B and POLLIER K, 2008]

2 ODEX is an index developed by the ODYSSEE-MURE project. It measures the progress realized in energy
efficiency in total (final energy consumption) or by sector (industry, transport, households). For a full definition of
the ODEX, please see: http://www.odyssee-indicators.org/database/definition odex.pdf
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Figure 1: Energy Efficiency Progress in EU-27 between 1996 and 2007
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Energy consumption trends in the European Industrial sector

The final energy demand in the European industrial sector has remained relatively stable
since 1990 (representing on average 320 Mtoe for the last 15 years), although economic
growth took place, outlining the decoupling between energy consumption and economic
growth [ADEME, 2009a]. As a consequence, the share of the European industrial
sector in the total final energy consumption has been regularly declining since
1990. In 2007, industry accounted for 27% of the final energy consumption in Europe,
representing a decrease of 6% since 1990 [ADEME, 2009a].

As we will see below, the reduction of energy consumption and energy efficiency
improvements took place in every branch of the European industrial sector. Yet, different
trends can be observed according to industry branches, the key period or the Member
States considered.

1.1.2. Achievements in energy efficiency and savings by industrial sectors

All industrial branches have contributed to energy efficiency improvements realised in the
European Industry sector. Progresses have mainly been achieved in the chemical and
machinery branches, which account for the largest improvements, as illustrated in
Figure 2, which provides an overview of the improvements by different industrial branches
for the period 1990-2007 (ODEX).
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Figure 2: Energy efficiency index (ODEX) in the industrial sectors in EU-27
between 1990 and 2007
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Source: [EUROPEAN ENVIRONMENT AGENCY, 2010]

In the three most energy intensive sectors, paper, chemical, steel®, the production has
constantly increased, although the specific unit energy consumption of each sector has also
decreased, signalling relevant energy efficiency progresses between 1990 and 2007. During
this period, paper, chemical and steel sectors have respectively improved their
energy efficiency by 12%, 55% (at an average rate of 4/4.5% per year between
1995 and 2007) and 27%o.

Less energy intensive sectors have also improved their energy efficiency in a context of
economic growth. The cement industry reduced its energy consumption per unit by 27%
between 1990 and 2007. The unit energy consumption in the glass industry decreased on
average by 0.2% per year between 2000 and 2007, while energy efficiency in the food
industry (together with the tobacco sector) improved on average by 0.9% per year
between 1995 and 2007%.

1.1.3. Achievements in energy efficiency and savings by fuel mix (electricity,
gas, oil and coal)
Energy efficiency improvements have impacted the energy consumption in terms of fuel

mix. Two relevant trends can be outlined for the use of energy, mainly electricity, gas, oil
and coal in the EU-27 since 1990.

Electricity represents a higher share in the industry energy consumption. Demand
for electricity in the industry evolved from 23 % in 1990 to 31 % in 2007.

3 The paper, chemical and steel industries together account for 50% of energy consumption of the European
industry sector.

* The data must be read and compared with caution, bearing in the mind the different time periods covered and
different baseline years chosen.
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The share of fossil fuels like coal, oil and to some extend gas has regularly been
decreasing since 1990 (although some stability has been observed since 2002 for fossil
fuels). The share of coal in the industry energy consumption evolved from 21% in 1990 to
13% in 2007. The share of oil decreased slowly from 17% in 1990 to 14% in 2007. The
situation for gas is slightly different considering the demand for natural gas and the
development of the gas market to avoid oil dependency. According to Odysee, the share of
gas in the industry energy consumption reached a peak of 34% in 2000 but has stagnated
since then at 32% and is not expected to evolve, considering the improvements made in
energy efficiency, which reduce the total energy demand [ADEME, 2009a]. Figure 3 below
provides an overview of the fuel mix evolution in the European industrial sector between
1990 and 2007.

Figure 3: Evolution of the fuel mix in the EU-27 Industry between 1990 and 2007

Evolution of the fuel mix in the EU-27 Industrial Sector
between 1990 and 2007
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Source: own table, with data adapted from the ODYSEE database [ODYSSEE]

1.1.4. Key time periods and trends in energy efficiency and energy savings
across Member States

Distinctive trends in energy efficiency in the EU-27 Member States are identified
in the literature, which considers the year 2000 as a turning point®.

Between 1990 and 2000, energy efficiency in the EU was improved at the average rate of
2.4% per year. After 2000, the rate of improvements slightly decreased to reach the
average of 1.7% per year. This slowdown in the energy efficiency progress took place in
most of the EU countries, with the exception of Belgium, Cyprus, Greece, Hungary, Norway,
Sweden and UK where energy efficiency improvements still increased.

A certain convergence between the new Member States and the EU-15 group can also be
observed since 2000.

® The difference in the availability of data between the EU-15 (since 1990) and the new Member States (since
1996 in general) should be taken into consideration when assessing the results.

IP/A/ITRE/NT/2010-08 4 PE 451.483



Overview of Energy Efficiency measures of European industry

Figure 4: Energy Efficiency progress in the EU Member States by period (1996-
2007)
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Source: [ADEME, 2009b]

Distinctive trends in energy efficiency progress are also identified according to
the countries taken into consideration.

Between 1996 and 2007, a group of 12 countries achieved larger energy efficiency
improvements than the EU-27 average. 9 out of these 12 countries are new Member
States, as illustrated in Figure 5.

Literature and experts explain these trends by multiple factors (see section 1.2) such as a
rapid restructuring in the new Member States; a lower starting level of energy consumption
in the new Member States, coupled with large economic growth, leading to faster energy
efficiency progress; technology progress or specific energy efficiency policies and
measures, like in Germany. Different energy intensity levels, linked to specific national
characteristics can also explain the distinctive trends among the EU Member States.
Similarly, the differences between Member States in energy efficiency monitoring
methodologies, data availability and reliability may influence the results as well.
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Figure 5: Energy Efficiency progress in the EU Member States by country (1996-
2007)
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Source: [ADEME, 2009b]

1.2. Analysis of the drivers of energy efficiency improvements

The purpose of this section is to give a very short overview of the drivers that could be
responsible for the energy efficiency progress achieved in EU industry so far. Detailed
understanding of the drivers would make it easier to estimate expectations when designing
new policies and regulations.

The reality is that energy efficiency is being achieved in a complex industrial environment
and is dictated by a multitude of variables of different nature. Industry leaders are making
their decision responding to national and EU market and regulation realities and also to the
competition challenges playing at a global level.

Although we can identify many different drivers for energy efficiency in industry, we cannot
always be sure of the time lag between their manifestation and actual measured efficiency
gains, nor of the independent effect of one driver when multiple drivers are influencing
measured results in a particular time period.

Today, the desirable precision of analysis showing clear cause and effect relationships in
view of replicating best practices and lessons learned, is therefore somewhat compromised
from the outset.

Data availability for the analysis carried out in this section is based on the ODYSSEE MURE
project and therefore restricted to 1990 till 2010 figures.

1.2.1. Energy prices

Overall increasing energy prices will drive energy efficiency in industry. However, the level
of impact of price increase will depend on the level and expected durability of higher price
levels, the energy intensity of an industry and the length of the investment cycle for a
particular industry.
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Since 2006 energy prices have gone up; “however, due to time lags in measures taken to
cope with high prices and the recent drop of energy prices since 2008 the impact of higher
energy prices on final energy consumption is not visible yet” [ADEME, 2009a].

During this same time period, many other measures for energy efficiency have been
introduced at national and EU level which will potentially make it difficult to single out the
effect of energy price changes on the achieved energy efficiency.

1.2.2. Economic climate

The impact of the economic climate on energy efficiency is at least twofold. Good economic
climate has a tendency to have a positive impact on efficiency due to improved investment
cycles. However, gained efficiency is used to increase production, therefore stabilising the
energy consumption. Since 2000, industrial growth has averaged slightly less than 2%
annually whereas energy consumption has actually remained constant. A downward
economic climate reduces the overall energy consumption without efficiency improvements.

In the following graph, the variations in energy consumption during business cycles can be
observed.

Figure 6: Development of industrial final energy consumption and production
index (EU-27)
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Source: [ADEME, 2009]

1.2.3. Structural changes

Structural changes are a leading driver for measured energy efficiency. The following graph
depicts the levels of energy efficiency gains measured in energy intensity of manufacturing
(calculated as units of energy per unit of GDP) identifying the impact of the structural
changes in the industry over the time period 1998 till 2006.

Structural changes can include changes within an industry, meaning that the production
technology evolves; yet it can also include changes within an economy, meaning that
energy intensive activities are decreased or, to the contrary, that less energy intensive
industries are developed.
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“It is evident that in most countries, structural changes have reduced energy intensity”.
[ADEME, 2009a] According to the Odysee project, on average 30% of the intensity
reduction is due to structural changes for the EU-27.

Figure 7: Impact of structural changes on the energy intensity of manufacturing
(1998-2006)
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Source: [LAPILLONE Bruno and POLLIER Karine, 2008]

The graph above shows the impact of structural change on the energy intensity of
manufacturing for each country. The dark blue bars (first from the left) represent the
yearly change in energy intensity over the period from 1998 till 2006. A negative
percentage measures an improvement of energy intensity. The yellow bars (second from
left) represent the percentage of change which would have been achieved if there had been
no structural change in that period. The difference between the blue and the yellow bars is
shown by the green bars (third from left) which express the percentage of change in
energy intensity that can be attributed to industrial structural change.

1.2.4. Policies

Number of measures on energy efficiency

A total of around 260 policy measures (counting as from 1975) “have been implemented or
considered in the industrial sector for all EU countries, plus Norway and Croatia, of which
180 measures are being applied”. Most of the on-going measures are relatively recent:
nearly 70% have been implemented since 2000 and more than 40% since 2005.

Around 82% of the measures are national and are not linked to EU Directives. [ADEME,
2009a]

European Measures

“The EU ETS, which aims both at the energy industry and large industrial emitters, is by far
the most important European-wide instrument to reduce GHG emissions in the industrial
sector and, at the same time, to improve energy efficiency” [ADEME 2009a].
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The current situation in the allocation of emission allowances and the uncertainties of
carbon prices throw their shadows on the effectiveness of this instrument, but there is still
insufficient data available to make a detailed analysis. However, The EU ETS covers only
around 50% of industrial energy consumption, whereas the other half may in principle be
the target of dedicated energy efficiency policies.

“Another important EU-wide measure for the industrial sector is the Eco-design Directive
2005/32/EC which sets minimum standards for a variety of industrial cross-cutting
technologies” [ADEME 2009a]. However, the first actual defined measures under this
directive are too recent for evaluation, even if there is no reason to doubt their planned
effectiveness.

Another relevant EU-wide measure for the industrial sector is the CHP Directive
2004/8/EC17 which has similarly not been evaluated as of today.

Qualitative impact assessment of energy efficiency measures

The MURE database contains detailed ongoing information about the typology and the
estimated impacts at national level of all energy efficiency measures. Impacts of measures
on energy efficiency are estimated by national experts into “High”, "Medium” and “Low”
impact or else categorized as “Unknown”.®

Figure 8: Number of measures in EU industry by type in percentage and impact
evaluation of energy efficiency measures since 1990
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Source: Adapted from [MURE] and [ADEME, 2009]’

® The following limits (in each case in % of the overall final energy or electricity consumption of the sector; in case
of fuel substitution and CHP: of primary energy consumption) are defined for the three impact levels: low impact:
<0.1% , medium impact: 0.1-<0.5%, high impact: =0.5%): Guidelines, for the measure description in the MURE
Measure Database Version 2.2

7 The percentage results for the impacts estimated to be “Medium” are not represented in the graph. This helps to

more clearly identify the gaps between “High” and “Low” impacts but it means that the total of the percentages
shown in the graph do not add up to 100%.
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Figure 8 shows the graphical representation of the quantity split in terms of types of
measures, in terms of percentage of the total amount of measures (blue line) and their
estimated impacts (vertical bars). What we learn from this analysis is that the most
common measures (fiscal/financial) do not per definition deliver the highest impact.

Co-operative measures (such as voluntary/negotiated agreements) and new market based
instruments are shown to have the best (42%) and second best (33%) percentages of high
impact measures. Market based instruments have however also the highest score for
unknown impacts (44%).

On the other hand, even though financial and fiscal measures are the most frequent (45%)
they only achieve a high impact in twenty-six (26%) of the cases and an equal amount for
low impact (26%).

According to the ADEME project, “financial and fiscal incentives”, nevertheless, “continue to
be the most widespread measures to improve industrial energy efficiency. Increasingly
those incentives are, however, combined in measure packages together with other
measures such as mandatory auditing and informational measures. The latter are
considered generally to be low impact measures but in combination with subsidies or
cooperative measures they are supposed to make substantial contributions” [ADEME,
2009a].

Quantitative impact assessment of energy efficiency measures

Another way of analysing energy efficiency measures is to compare the overall quantity of
measures to the overall achieved efficiency results.

The next figure shows an overview of the number of measures per country in relation to
the achieved energy efficiencies per country. It shows that there is no relation between the
number of measures and the results achieved.

Figure 9: Total number of measures and energy efficiency achievements per
country 1998-2006
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Source: Adapted from [MURE] and [ADEME, 2009]
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In fact, a number of hew member states show quite high efficiency achievements and
relatively few measures. As mentioned previously this efficiency gain is primarily caused
due to the high levels of structural changes in their industries.

In the group of former member states, Germany has the by far the highest number of
measures but does not achieve more than average efficiency improvements.
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2. Future trends and potential of energy efficiency
Improvements in the industrial sector

Energy efficiency and energy savings are a complex and multi-faceted field with all sectors
and applications and many different technologies involved. In order to develop and
maintain a comprehensive overview, the ODYSSEE MURE project supported under the
Intelligent Energy Europe Programme of the European Commission monitors energy
efficiency trends and policy measures in Europe [ODYSSEE], [MURE]. A detailed analysis of
energy savings potentials in Europe is provided by [ISI, 2009] on the basis of the ODYSSEE
and MURE data bases.

2.1. Expected energy savings and additional potentials

This section analyses the expected energy savings in the EU industrial sector in 2020
considering demand trends, the current EU framework, and its state of implementation.
The further potential for energy efficiency improvements in the industrial sectors is
evaluated by country.

The 20% energy savings target by 2020 of the EU is understood to be relative to the
baseline development of primary energy consumption.® “This target translates into an
absolute reduction of primary energy use from 1800 Million tons oil equivalent (Mtoe) in
2005 to around 1600 Mtoe in 2020.” [ECF, 2010]

The “autonomous” development of the total energy consumption of all energy end use
sectors shown in Figure 11 is about 2% lower in 2020 than the baseline development
calculated using the PRIMES model®. Thus, the expected energy savings compared to the
“autonomous” scenario tend to be slightly underestimating energy savings contributions
towards the EU target.

The LPI (Low Policy Intensity) scenario is defined as considering an additional technology
diffusion of best available technologies “beyond autonomous diffusion only to a realistic
level driven by increases in market energy prices and comparatively low level energy
efficiency policy measures as in the past in many EU countries. In this case it is rather
likely that consumer decisions will be motivated by cost-effectiveness criteria based on
usual market conditions. Barriers to energy efficiency will persist.” [ISI, 2009] In the
modelling done by [ISI, 2009] this is represented by a high discount rate of 30% for
industry (see section 2.4.2 below).

The HPI (High Policy Intensity) scenario and the technical potential describe the additional
technology diffusion of best energy saving technologies to the maximum possible, either
economically (HPI) or technically (technical potential). “In the case of maximum economic
potentials the most suitable choice of the economic criteria is to consider cost effectiveness
from a country perspective, given the fact that one can assume in such a case a high policy
intensity which reduces transaction costs for the consumer by suitable measures. Barriers
to energy efficiency are mostly removed.” [ISI, 2009] In the modelling done by [ISI, 2009]
this is represented by a low discount rate of 8% for industry (see section 2.4.2 below).

8 The target has no official definition. The generally accepted interpretation of the target is that of savings against
the baseline primary energy consumption development as calculated using the PRIMES model.
°“APS” in Figure 10 is the same as “autonomous” in Figure 11.
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Figure 10: Comparison of the baseline total final energy consumption based on
PRIMES with the scenarios in [ISI, 2009] (EU27)
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The expected final energy savings of the industry sector in the European Union are shown
in Figure 11. The development of consumption includes the opposing effects of expected
trends in economic growth as well as the expected increases in energy efficiency. Overall,
an increase of energy consumption in industry is expected in all scenarios. The LPI and
HPI1 scenarios provide for final energy savings of 5.9% and 6.6% by 2020,
respectively, compared to the autonomous scenario.

The technical potential including all technically feasible options irrespective of their
economic viability provides for an energy saving of 9.0% compared to the autonomous
scenario. It should be noted, however, that this result is based on the underlying economic
PRIMES model used for the official EU projections. Consequently, the technical potential
depends on the general economic modelling, which as explained in section 2.4.4, relies on
assumptions for current and future energy prices that are rather conservative. The
technical potential includes critical assumptions on the commercial lifetime of industrial
facilities, which especially in energy intensive sectors as analysed in sections 2.2.1, 2.2.2
and 2.2.3 may be shortened by higher energy prices and lead to an accelerated installation
of newer and more energy efficient manufacturing plants. The technical potential thus
includes an important time factor. The inclusion of energy intensive industries in the ETS
may also provide for additional dynamics as it influences the costs in a similar way as
increasing energy prices. In this sense, economic developments not covered by the
underlying PRIMES model may increase the technical potential of energy savings, or rather
accelerate the growth of the technical potential over time.

Furthermore, in certain sectors such as paper and steel (see sections 2.2.1 and 2.2.2)
policies increasing recycling rates will have the indirect effect of energy savings. It is
unclear in how far such policies are included in the modelling of energy savings potentials
by [ISI, 2009].

10 [1SI, 2009] only mention recycling once in the 337 pages study in the context of the very energy intensive
aluminium production. The MURE website and all documents and studies provided there mention recycling in two
additional contexts: a voluntary agreement between FIAT and the Italian government in the 1990ies in car
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Finally it should be noted that the estimates of energy savings potentials focus on technical
options of components and processes, but rather exclude design options. As an example,
Amory Lovins claims energy savings of 92% in the redesign of an industrial pumping loop
by a simple design change of the system [RMI 2008].

Figure 11: Final energy consumption in industry (EU27)
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Figure 12: Sectoral energy savings potentials compared to the baseline
development
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recycling, and a voluntary commitment of the French glass industry to reduce CO, emissions by increasing
recycling rates and further measures.
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Figure 12 shows that industry has a small energy savings potential compared notably to
the household and tertiary sectors. In the LPI scenario industry and transport potentials are
similar, while the HPI potential for transport is significantly higher.

Individual energy savings measures in industry have different associated investment costs
and entail different savings. [ISI, 2009] and [ECF, 2010] have calculated the full costs of
the different measures including all relevant cost factors, and have ordered them by net
savings per measure. Figure 13 shows the result with net economic savings/ costs on the
x-axis and the associated energy savings on the y-axis.

The energy savings potential in industry is roughly equally distributed between the three
categories of crosscutting electricity consumption, process specific energy consumption and
space heating (see Figure 13). Electricity consumption by crosscutting technologies
provides for the largest economic savings potential up to 25 EUR/GJ. Process specific
consumption has medium economic savings potentials of 10-20 EUR/GJ, and space heating
has the lowest economic savings potential of below 10 EUR/GJ.

Figure 13: Overall marginal abatement cost curve for energy efficiency options in
the EU 27 in 2020 in the industry sectors (ETS and non-ETS). Energy savings are
expressed in final energy units and are relative to the baseline energy
consumption projection for 2020.
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2.1.1. Crosscutting electricity consumption

Crosscutting electricity consumption includes lighting, electric motors, pumps, ventilation,
cold supply and compressed air. Figure 14 displays the share of crosscutting electricity
consumption by industry sector. On average over all sectors and over all EU Member
States, crosscutting electricity consumption in industry represents some 70% of total
industry electricity consumption [ISI, 2009]. This demonstrates the importance of
improving these seven crosscutting groups of technologies.

Here, the Directive 2005/32/EC on the eco-design of energy-using products is the
major instrument for energy efficiency in the industrial sector. “It establishes a
framework under which manufacturers of energy-using products will, at the design stage,
be obliged to reduce the energy consumption and other negative environmental impacts
occurring throughout the product life cycle.” [ADEME, 2009b] Detailed actions are
introduced by the European Commission through implementing measures. The Eco-design
Directive introduces minimum efficiency standards for up to 40 products covering the
industrial, tertiary and building sectors.

Figure 14: Share of electricity consumption of cross-cutting technologies by
sector

B Process technology
O Lighting

W Other motors

O Pumps
OWentilation

W Cold supply

O Comprassed air

Share of electricity demand (%)

Source: [ADEME, 2009a

2.1.2. Emission Trading System

“The EU Directive on energy efficiency and energy services 2006/32/EC explicitly excludes
from its field of application ‘undertakings’ which are already covered by the EU Emission
Trading Scheme” (ETS) [ADEME, 2009]. The share of ETS industries can be defined in
different ways, and countries have chosen different approaches in the first National Energy
Efficiency Action Plans. [ADEME, 2009a] uses the sectoral approach, resulting in close to
70% of the overall industrial fuel consumption in the EU to be covered by the ETS. “As a
fraction of the total industrial final energy consumption, the EU ETS represents
roughly 50%6 of the energy consumption.” [ADEME, 2009a]
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The iron & steel sector, the chemical industry and the paper sector are to a large extent
covered by the ETS.

Little is known about the impacts of the ETS on energy efficiency according to
[ADEME, 2009a]: “So far there are only partial studies of the impacts of the ETS on energy
efficiency, at least for the impacts concerning the industrial sector.”

Qualitatively speaking, the ETS represents an important incentive for energy savings.
However, fuel switching to lower carbon fuels or carbon capture and storage are also
options to reduce greenhouse gas emissions. The third option is to acquire emission
allowances. It is the fundamental logic of the ETS to assume that economic operators will
choose the economically most favourable option in each individual case.

2.1.3. Energy savings potential by country

The final energy savings potential of European industry by 2020 as shown in Figure 11 is
broken down by country in Figure 15 for the HPI scenario compared to the autonomous
scenario, which shows slightly lower consumption levels as the baseline calculation used for
the EU energy savings target of 20% by 2020.

12 countries are within £1 percentage point of the EU-27 average, from Denmark to
Luxembourg. This includes large and small countries as well as the full geographical scope
of Europe and thus both EU-15 countries and new Member States.

Eight further countries are within £3 percentage points of the EU-27 average, Finland and
Austria above and from Hungary to Latvia below average.

Seven countries are beyond £3 percentage points of the EU-27 average, with new Member
States at both ends and Sweden and Finland on the high potential side.

This analysis shows that there is no simple rule for energy savings potentials in the
27 Member States. Individual national industry structure, past development and
expected industrial growth play major roles.

Unfortunately, [ISI, 2009] having calculated these results do not provide analyses of this
issue. Comparing the future energy savings potentials beyond the baseline scenario (Figure
15) with the past achievements in energy savings (Figure 4) shows a certain correlation. A
high achievement in the past relates to a low future potential, and vice versa. Good
examples are Greece, Hungary and Latvia with a low potential, France, Belgium,
Luxembourg and the United Kingdom with a medium potential, and the Czech Republic and
Malta with a high potential. For other Member States, the correlation is less strongly
developed.

Another factor determining the energy savings potential beyond the baseline is the future
growth in industrial energy consumption. A high growth rate implies many new production
facilities to be installed and put into operation, which in general have close to best available
efficiency. Thus, by 2020, a large portion of the industrial installations will be efficient and
have low potential for further efficiency improvements. Especially for energy intensive
industries new installations are often the only possibility for major energy savings. These
energy savings will in general be realised without a need for targeted policies as new
installations will use technologies close to best available efficiencies. Romania and Latvia
for example show a strong correlation of a low energy savings potential with a high
projected growth rate of energy consumption in industry.
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Figure 15: Energy savings potential in the HPIl scenario compared to the
autonomous scenario by 2020
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2.2. Energy savings potential by sector

The sectors analysed in more detail here are paper, steel, chemical and food. The former
three are energy intensive sectors which to a large extent are covered by the ETS (see
section 2.1.2 above).

Energy intensive sectors in general are characterised by large and long-term investments
as manufacturing plants have significant economies of scale and long technical lifetimes.
This results in slow improvements in energy efficiency, which are mainly achieved through
the replacement of old plants.

Figure 16 shows that the industry sectors analysed here in more detail represented 58% of
industry energy consumption in 2004. Of this, iron & steel represented 19%, chemical
industry 18%, paper 11% and food, drink & tobacco 10%.
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Figure 16: Final energy demand in EU27 industry by sector 2004
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2.2.1. Paper

Paper production consists of the two stages of pulp production from wood or recycled
paper, and paper production from pulp.

As shown in Figure 17, pulp production is the more energy intensive process than paper
production. Thus, increasing paper recycling rates should decrease energy
consumption.'* Only for very high recycling rates, energy consumption for collection and
treatment are expected to become excessive. Figure 18 shows the continuously increasing
paper recycling rate in Europe.*?

1 1t should be noted that recycling as part of waste management belongs to the tertiary sector, not the industry
sector. Thus, increasing recycling rates will increase energy consumption in the tertiary sector, but this will in
general be overcomensated for by reductions of energy consumption in manufacturing.

12 1t should be noted that the calculation of the recycling rate does not account for imports and exports. This
means that collection of used paper in Europe is high, but that part of this may be exported, e.g. to south-east
Asia, and not be used in Europe for new paper production.
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Figure 17: Unit energy consumption of paper as a function of the pulp to paper
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Figure 18: European paper recycling rates (EU27, Norway, Switzerland)
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Paper production is already a very efficient process in Europe. Figure 19 shows that
the technical energy savings potential per ton of paper produced is 10% (11%) by 2020
(2030) compared to 2004 according to [ISI, 2009]. Without political or behavioural
changes (represented by “scenario 1 (autonomous)”) only 2-3% specific energy reductions
will likely be realized by 2020-2030. The economic savings potential, however, is higher.
assumed for the calculation of the net savings or costs for
investments in energy savings technologies as represented by scenarios 2 and 3, which are
equivalent to the LPI and HPI scenarios, respectively, the economic potential ranges from

Depending on the discount rate

6% (7%) to 9% (10%) in 2020
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Figure 19: Energy consumption per ton of paper produced (EU27)
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The increase in energy efficiency of paper production may be compensated for by
increased production volumes resulting in a stable total energy consumption. Figure 20
shows the increase of paper production in Europe over the 2000 to 2006 period.
Figure 20: Change in paper production volume in EU countries
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The energy efficiency of pulp & paper production in the EU Member States is assessed in
Figure 17. The red benchmark line represents best energy intensity as a function of pulp to
paper production. The distance of individual countries from the benchmark line is a
measure of the long-term technical potential for energy savings.
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2.2.2. Steel

Steel production is already an efficient process in Europe. Figure 21 shows that the
technical energy savings potential per ton of steel produced is 7% (13%) by 2020 (2030)
compared to 2004 according to [ISI, 2009]. Without political or behavioural changes
(represented by “scenario 1 (autonomous)”) 5-9% specific energy reductions will likely be
realized by 2020-2030. The economic savings potential, however, is higher. Depending on
the discount rate assumed for the calculation of the net savings or costs for investments in
energy savings technologies as represented by scenarios 2 and 3 the economic potential
ranges from 6% (12%) to 7% (13%) in 2020 (2030), achieving the technical potential.

Unfortunately, [ISI, 2009] does not mention whether these final energy saving potentials
are based on increasing shares of electric arc furnaces, which require less final energy per
unit of steel than the blast furnace route of steel making, but which essentially require
electricity compared to coal (or rarely natural gas) for the blast furnace route. Comparing
the two processes on a primary energy basis the electric steel making process still has a
substantial advantage over the blast furnace route. On the other hand, electric arc furnaces
in general produce steel from scrap metal, while blast furnaces use both ore and scrap and
thus require more energy.

The German steel industry has continuously increased its energy efficiency. Two major
factors have allowed this in addition to technical advances: On the one hand, the ore
grades have been increased by reducing the amount of lower grade German ores to zero,
and on the other hand the share of electric arc furnaces has been increased [WI, 2007]. As
for paper, enhancing recycling rates is a means of saving energy also in steel
making.?

Figure 21: Energy consumption per ton of steel produced (EU27)
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13 1t should be noted that recycling as part of waste management belongs to the tertiary sector, not the industry
sector. Thus, increasing recycling rates will increase energy consumption in the tertiary sector, but this will in
general be overcomensated for by reductions of energy consumption in manufacturing.
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The increase in energy efficiency of steel production may be compensated for by
increased production volumes resulting in a stable total energy consumption. Figure 22
shows the increase of steel production in Europe over the 2000 to 2006 period.
Figure 22: Change in steel production volume in EU countries
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The energy efficiency of steel production in the EU Member States is assessed in Figure 23.
The red benchmark line represents best energy intensity as a function of the share of
electric steel production. The distance of individual countries from the benchmark line is a
measure of the long-term technical potential for energy savings.

Figure 23: Unit final energy consumption of steel as a function of the share of
electric steel production in EU countries
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2.2.3. Chemicals

“The Chemical Industry produces many different products. In the context of the new
chemical regulation REACH the ‘European Chemical Agency’ gets pre-registrations for
150000 different substances from 65000 companies in 2008.” [Ecofys, 2009]. This
complexity of the sector is somewhat reduced by the fact that a limited number of products
represent the bulk of the output of the chemical industry. Analysing the German chemical
industry energy consumption [Saygin Patel, 2009] use the bottom-up energy model PIE
3.0, which includes an inventory of the specific requirements of fuel, steam and electricity
for more than 250 processes which are used to produce 137 chemicals. On the other hand,
[Saygin Patel, 2009] put forward substantial reasons to question the underlying data
collection and conclude: “Given the uncertainties concerning the input data, we cannot
draw final conclusions on the extent to which energy efficiency has improved in the
chemical sector. This is an extremely worrying outcome in view of the societal importance
of this topic. We conclude that a major effort must be made for improving the collection of
data and for its checking and that substantial support of the industry is also required in
order to ensure that energy use is reported at an acceptable quality level.”

Table 1 lists the major chemical processes in Europe [Ecofys, 2009]:
e Nitric acid production mainly for fertilizers.

e “Steam cracking is the worldwide most important process to produce basic
chemicals by cracking long-chain hydrocarbons into short-chain hydrocarbons. The
most important products are ethylene, propylene, butadiene (representative for the
C4 fraction), benzene (representative for the aromatics) and hydrogen
(representative for the crack gas).”

¢ Ammonia production mainly for fertilizers.
e Adipic acid production mainly for nylon.

¢ Hydrogen, syngas and methanol production for the chemical sector (largest
consumer is ammonia production); in addition to the value in Table 1, hydrogen
production in refineries for desulfurization and hydrogeneation of fuels accounts for
44 Mt CO,.
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Table 1: Most important chemical processes in Europe

Process and

steam
No. Product / process' emissions Share Cumulative share
[Mt CO,-
equivalents]

1 Nitric Acid 414 21.6% 21.6%
2 Cracker products (HVC) 35 18.4% 40.0%
3 Ammonia 30 15.8% 55.8%
4 Adipic acid 134 6.8% 62.6%
5 Hydrogen/ Syngas (incl. Methanol) * 12.6 6.6% 69.3%
6 Soda ash 10 5.3% T4.5%
7 Aromatics (BTX) 0.6 3.5% 78.0%
8  Carbon black 4.6 2.4% 80.4%
9  Ethylene dichloride / Vinyl chloride / PYVC +4 2.1% B2.5%
10 Ethylbenzene / Styrene 3.6 1.9% B4.45%
11 Ethylene oxide / Monoethylene glycol 3.6 1.9% 86.3%
12 Cumene / phenol / acetone 1.2 0.6% 86.9%
13 Glyoxal / glyoxylic acid 04° 0.2% 87.2%
14 Polvolefins (PE/ PP/ P5) 1.1 0.6% 87.7%
15 Butadiene 0.6 0.3% BE.1%
o Dbl Terghialcacid/ g oz s
17T  Propylene oxide 0.5 0.3% B8.6%
18  Others 11.4% 100.0%

Total upper processes (1-18) 168.4 88.6%
Total chemical industry * 190 100.0%

Source: [Ecofys, 2009]

Chemicals production in Europe has a notable energy savings potential. Figure 24
shows that the technical energy savings potential per value added is 18% (21%) by 2020
(2030) compared to 2004 according to [eepotential]. Without political or behavioural
changes (represented by the “autonomous” scenario) 11-12% specific energy reductions
will likely be realized by 2020-2030. The economic savings potential, however, is higher.
Independent of the discount rate assumed for the calculation of the net savings or costs for
investments in energy savings technologies as represented by scenarios LPI and HPI the
economic potential is 17% (19%) in 2020 (2030), almost achieving the technical potential.

Thus, policy has the potential for a visible impact on energy savings in the
chemical industry.
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Figure 24: Energy intensity to value added in the chemical industry (EU27)
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Source: Own analysis based on [eepotential]

[ISI, 2009] having calculated the results provided by [eepotential] unfortunately do not
provide further analyses of the energy savings potentials described here. Given the
complexity of the sector it is difficult to evaluate the potentials any further without access
to the calculation model.

As an example, ammonia production is shown in Figure 25. The best plant has a specific
energy consumption of about 27 GJ per ton of ammonia. The specific energy consumption
of the average best 10% of all plants is 28.7 GJ/tyus. The least energy efficient plant has a
specific energy consumption of about 46 GJ/tyys or 60% above the best 10% plants
[Ecofys, 2009].

Figure 25: Energy benchmark curve of ammonia production
50 -
45 ~ 0o
40 - 00° o°

35 - 000
301 ,e0° @O

25 1

Net energy consumption
GJ per ton ammonia

EDIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Number of plants =35

Source: [Ecofys, 2009]
Note: Includes all 35 European ammonia plants of members of the European Fertilizer Manufacturers Association;
feed, fuel and steam accounted for as energy inputs.
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2.2.4. Food

Food production in Europe has a notable energy savings potential. Figure 24 shows
that the technical energy savings potential per value added is 15% (22%) by 2020 (2030)
compared to 2004 according to [eepotential]. Without political or behavioural changes
(represented by the “autonomous” scenario) only 5-7% specific energy reductions will likely
be realized by 2020-2030. The economic savings potential, however, is higher. Almost
independent of the discount rate assumed for the calculation of the net savings or costs for
investments in energy savings technologies as represented by scenarios LPI and HPI the
economic potential is 11-13% (17%) in 2020 (2030).

Figure 26: Energy intensity to value added in the food industry (EU27)
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Cold supply has a relatively high share in food production with some 30% of electricity
consumption in the sector (see Figure 14). According to [ISI, 2009] cold supply has a long-
term technical energy savings potential of 30%. The cost effective savings potential is 20-
26% by 2030. Other crosscutting electricity consuming technologies have cost effective
savings potentials of 32-40% by 2030, and thus also represent an important savings
potential in food industry.

Reducing food losses over the full value chain including the final consumer could reduce
food demand significantly. A recent study in the United States of America estimates that
above 35% of food is not consumed but wasted (see Figure 27) [Hall et al., 2009]. A global
estimate is shown in Figure 28. Not counting transformation of food into animal feed as a
loss, 30% of the global food production is lost in the chain from “field to fork” [Lundqvist et
al., 2008]. [Parfitt et al., 2010] conclude from their scientific literature review that the data
basis on which to estimate global food waste is weak. Studies of the UK situation indicate
that more than 50% of the food waste could be avoided.*

4 Avoiding food waste would have numerous other advantages such as reducing hunger and malnutrition,
reducing consumption of scarce water resources in agriculture, reducing the significant associated greenhouse gas
emissions etc.
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It should be noted that fertilizer production represents an important share of bulk chemical
production (see section 2.2.3), and thus reducing food waste would also reduce the
demand for fertilizer inducing related energy savings in he chemical industry.

Thus, policy has the potential for a visible impact on energy savings in food
production, both through enhancing energy efficiency in the value chain and
through significantly reducing food waste.

Figure 27: Wasted food in the United States
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Source: [Hall et al., 2009]
Note: Percentage of available food energy wasted as calculated by previous US Department of Agriculture

estimates (=) and predicted using the mathematical model (solid curve) of [Hall et al., 2009], dashed curves
indicate £95% confidence intervals.

Figure 28: Estimate of global food losses, waste and conversion
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2.3. Obstacles

Especially for the realisation of saving options in the field of electrical cross-cutting
technologies several barriers and market failures exist that prohibit the realisation of these
saving options. Many of these barriers are connected to the low importance attributed
to energy consumption in the non-energy intensive industry. Consequently, a large
part of the cost effective saving options is not realised in the autonomous scenario [ISI,
2009]. The Directive 2005/32/EC on the eco-design of energy-using products is the major
instrument to improve energy efficiency in electrical cross-cutting technologies. Further
instruments may be required complementing the eco-design Directive.

In general, the market does not invest sufficiently in new technologies without
policy support as they will only become profitable after their cost has decreased due to
economies of scale and learning effects. Single companies cannot expect that all
investments needed during these phases will pay-back when the technology becomes
profitable, because innovations and knowledge can be copied by competitors (the so-called
free-rider problem). As a result, companies will usually invest less into such new
technologies than would be efficient from a societal point of view. In such a case, subsidies
can stimulate research or demonstration projects and instruments like feed-in tariffs,
obligation schemes or tax-measures can speed up market growth and technology learning
rates [ECF, 2010].

The private investment perspective is different from the societal perspective. The
costs of capital can be 10-20% or even higher, rather than 4%, depending on the
investment risk. And an acceptable payback time may be on the order of months rather
than years because of uncertain market conditions. These cost barriers can be reduced by
e.g. the introduction of energy efficiency funds to provide targeted low-interest loans,
publicly backed risk guarantees or other types of incentives [ECF, 2010].

The price signal is too weak and lacks a long-term perspective. Policy development
is strongly influenced by interest groups focused on keeping prices low, e.g. by lobbying for
higher caps on emissions allowances in the ETS. This is not so much a market failure but
rather a political failure. As a result, additional policies (such as e.g. binding savings
targets) might be required [ECF, 2010].

Process technologies are generally considered to be at the heart of the business,
and thus companies are reluctant to accept external auditors (e.g. required for receiving
public subsidies) or external consultants to analyse them in detail [ADEME, 2009a].

Further obstacles include:

e The investor-user dilemma, which is relevant e.g. with electric motors integrated
into machines,

e The investment barrier,
¢ Information deficits.

“Small and medium-sized enterprises (SMEs) have particular characteristics which
require special attention:

e they often have limited access to information,

e the energy share of their expenditure is generally not high enough to encourage
them to undertake energy-saving measures, and

o finally, due to their size, searching for funding for energy-saving measures would
cost too much in transaction expenses.” [ADEME, 2009a]
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SMEs thus “need specific measure packages which help them to lower the transaction
costs. However, subsidies, preferential loans or credit guarantees are also relevant in this
context to help overcome the investment barrier.” [ADEME, 2009a]

In addition to the energy savings aspect per se, energy savings have the advantage of
improving European industrial competitiveness through tapping the cost effective savings
potential. It is thus both in the interest of industry as well as in the public interest to
overcome barriers to energy savings. Further rising energy prices will reinforce this issue.

2.4. Typical costs of energy savings

2.4.1. Investment costs

Investment costs vary over the full range from appliances over low capital intensive
investments to highly capital intensive investments.

Appliances and low capital intensive investments include many of the crosscutting
technologies used in industry such as lighting, electric motors, pumps, ventilation, cold
supply and compressed air (see section 2.1.1).

Highly capital intensive investments cover notably full manufacturing plants up to the scale
of an integrated steel mill including blast furnace for iron ore reduction and basic oxygen
furnace for steel production.

The technical and financial details used for the calculation of the energy savings potentials
are not made publicly available by [ISI, 2009]**. Consequently, investment cost data
presented here cannot be linked to the potential estimates presented above.

In the paper and steel industries, major energy savings are mainly linked to new
manufacturing facilities as the major energy consumption takes place in the core
manufacturing process. For paper production, the main energy savings potentials lie in
black liquor gasification and in paper drying.

[CE Delft, 2010] describes major new technologies for the paper industry including black
liquor gasification. For an average European pulp mill with a capacity of 800,000 t of pulp
per annum, investment costs of 170 million EUR on an existing industrial site with basic
infrastructure are estimated. A pulp mill including innovative gasification technology of the
same capacity is estimated at 345 million EUR.

Steam and electricity supply to the paper processes is another major area of potential
energy and greenhouse gas savings. A new biomass-based combined heat and power plant
at the UPM Caledonian paper mill in the UK with a production capacity of 280,000 tons per
year was started up in June 2009. The total investment cost was 59 million EUR [UPM,
2009].

Process improvements in the deinking process of paper production using crosscutting
technologies, notably pumps, and genuine process technologies such as fluid control
devices, can reduce energy consumption by 10%. Modern suction rolls and shoe presses
can reduce energy consumption for these process steps up to 30% with an investment
amortization within one to two years [Voith, 2007].

For steel making three new process technologies are identified by [CE Delft, 2010] that
have the potential to significantly reduce CO, emissions.

5 It is recommended that future analyses make all assumptions and input data fully transparent in order to allow
independent verification of the results.
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Of these three, only the coke-free steelmaking process entails energy savings, while the
other technologies reduce CO, by carbon capture and sequestration technologies. For coke-
free steel making [CE Delft, 2010] estimates 25-35% reduced investment costs compared
to a blast furnace. The technology may be commercially available by 2020.

Rautaruukki's Raahe Steel Works’ (Finland) investment in modernising two blast furnaces
and changing the feedstock base total around 220 million EUR. Energy savings and
environmental investments of some 60 million EUR are being made in addition to this. The
two furnaces with a combined capacity of 2.8 million tons of steel per year were last
overhauled 15 years ago.

An energy efficiency campaign of the German energy agency dena (Deutsche Energie-
Agentur) in 2004-2007 has gathered experiences in different industry sectors on
crosscutting technologies. An example from the steel industry on improving lighting of a
storage building has a total investment of 100,000 EUR, electricity savings of 722,000 kWh
per year and a return on investment of 73% [dena, 2008].

A best practice example in the chemical industry on pumps has an investment of 43,800
EUR, electricity savings of 159,000 kWh per year, a payback time of 2.5 years and a return
on investment of 39% [dena, 2007].

A best practice example in the food industry on cooling, which is a major energy consumer
in the food sector, has an investment of 383,000 EUR, electricity savings of 2,330,346 kWh
per year equivalent to annual savings of 160,343 EUR [dena, undated].

2.4.2. Costs of financing

The costs of financing over the economic lifetime of investments in energy savings
measures are determined by the interest rates and the depreciation time. For the energy
savings potentials described in this briefing paper interest rates for industrial activities of
30% are assumed for the LPI scenario, and of 8% for the HPI scenario, which is equivalent
to average return on equity requirements of large stock listed industries. This compares to
a discount rate of 12% used in the PRIMES model [ISI, 2009].

Depreciation times in industry for energy savings activities may be on the order of months
rather than years (see section 2.3) [ECF, 2010].

2.4.3. Net economic benefits

Net economic benefits for energy savings in industrial processes taking account of initial
investment, financing costs, operation and maintenance costs and energy savings benefits
range from 20 EUR/GJ* to zero for all industry sectors (see Figure 13). For crosscutting
electricity consuming technologies in industry, net economic benefits go up to 25 EUR/G]
[ECF, 2010].

2.4.4. Energy prices

The energy prices assumed in the calculation of the energy savings potentials are based on
projections for world market prices of energy, notably oil, natural gas and hard coal prices.

The level and development of prices assumed there is US-$ 54.5/boe in 2010, US-$ 61.1 in
2020, US-$ 62.8/boe in 2030%. This represents a compounded annual growth rate of
0.8%/a between 2010 and 2020.

8 This is equivalent to 7.2 ¢/kWh.
17 All prices are expressed in 2005 values.
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The average IEA crude oil import price, a proxy for international prices, was at US-$60 per
barrel in 2009; currently it is around US-$ 80 per barrel. The IEA World Energy Outlook
2010 [IEA, 1998-2010] assumes an oil price of US-$ 99 per barrel in 2020. This is
significantly higher than assumed for the energy savings potentials used here. For an
overview of the development of IEA oil price projections, see Figure 29.

It is highly probable given increasing global resource constraints that actual energy prices
will be significantly higher than assumed in the potential estimates. Consequently, chances
are high that the economics of energy savings will further improve and will further enhance
potential savings significantly [ECF, 2010].

Figure 29: Development of oil price projections over time
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