BDI — The Voice of German Industry

»ochwerpunkte der Energieforschung*

Dr. Carsten Rolle, Abteilungsleiter Energie- und Klimapolitik
7. September 2016

<> BDI

Bundesverband der
Deutschen Industrie e.V.




Our 36 Member Associations

Verband der
Automobilindustrie

C BDE

VDA

) X DIE DEUTSCHE

—

Wasser- und Rohstoffwirtschaft e.V.
Wirtschafts- und Arbeitgeberverband

oo
s ZIA
oo

Die Stimme der Immobilienwirtschaft

p

/7VDMA
Vi

VB

4 Vereinigung Rohstoffe und Bergbau e.V.

BTW

Bundesverband der
Deutschen Tourismuswirtschaft e.V.

Working Community
Industrial Group:

WVMETALLE

'D b Sdic baustoffindustrie

Bundesverband Baustoffe - Steine und Erden e.V.
German Building Materials Association

BAUINDUSTRIE
BAUEN UND SERVICES

#W\EG=

Bundesvereinigung
der Deutschen
Eméhrungsindustrie

bitkom VKS 7

BVKI

Verband der Kali- und Salzindustrie e.V. KERAMISCHE INDUSTRIE E. V.

MW7

BDSV

Bundesverband der Deutschen J I
Sicherheits- und Verteidigungsindustrie e.V. Stahl

dV

e~ S
VERBAND DE
VERBU

>

R DEUTSCHEN

WIRTSCHAFT £,
OWUISCH, °
¢ \% : (\
2 2
Al S VDDI Susbartond
7m0 DertlSolutons. Kunststotfverarbeltende
man Manufacturers. Industrie a.V.

Dr. Carsten Rolle, Abteilungsleiter Energie- und Klimapolitik

VERBAND BERATENDER

INGENIEURE

Agv-Mo Ve

VERBANDDER@
CHEMISCHEN INDUSTRIE e.V. | N N

belg

ZVEl:

Die Elektroindustrie

V fa Die forschenden

= Pharma-Unternehmen

BV GLAS

Bl

Bundesverband der Deutschen
Luft- und Raumfahrtindustrie e.V.

Verband Deutscher
Papierfabriken e.V.

«BDL

Bundesverband der Deutschen
Luftverkehrswirtschaft

BP Bundesverband der
Pharmazeutischen Industrie e.V.

\sr:irlzslghaﬂsv:rbcnd @ .
En:rgi::‘erl?nik eV. & teXt I | + m Od e
Wirtschaftsverband Stahl-
und Metallverarbeitung e.V.
o
* /A
pzv *°
’ WIRTSCHAFTLICHE VEREINIGUNG ZUCKER
DEUTSCHER ZIGARETTENVERBAND

VEREIN DER ZUCKERINDUSTRIE
v D I— § v BV Schmuck+Uhren

7. September 2016 Seite 2

<> BDI



Germany is Europe’s leading industrial nation

Nominal Gross Value Added of Manufacturing, 2015

In billions of Euro Share on EU28 in percent The biggest industrial nation
in Europe
600 — 615 = Nominal gross value added of

manufacturing, 2015

Nominal gross value added

o0 EU28: 2.030

Germany's share in Europe is
about one third and about as
much as the combined output of
France, Italy and the UK
combined

Germany 30.3
Rest of the World 29.4

400

300

= UKis second largest
200 manufacturing hub

Spain 6.4 United Kingdom 11.6
100

France 10.8

Italy 11.5
Germany  United Kingdom  Italy France ~ Spain

Source: Eurostat
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Germany is the biggest centre for research in Europe

Proportion of expenditure on R&D according to economic sector; Germany accounts for almost one
2014 (in billions of euros) third of all European R&D
Spending
_ _ _ = At 82.2 billion euros, Germany
B Business sector B Government sector B Higher education sector NPISHs sector .
accounts for almost one third of
all R&D spending in Europe
17.3 illi .
Germany 67.9 14. 0.0 82.2 Billionen = Two thirds of the R&D
investment in Germany is carried
France 64.8 13. 20.6 1.5  48.1 Billionen out by the private sector
= Manufacturing industry accounts
United . for the lion’s share of these
. 64.4 7.8 26.1 1.7 38.3 Billionen
Kingdom efforts
Italy 55.7 14. 26.9 2.9 20.8 Billionen
Spain 52.6 18. 28.3 0.2 12.7 Billionen

Total expenditure on R&D
(EU28: 283.0 Billion Euro)
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Based on solid foundations, German economy could benefit in multiple

ways from ambitious energy transition policy

Forecast of revenue potentials, fuel imports and CO2 emissions:

Revenues Energy Independence Climate Protection

Increase of revenue potentials

for German technology Decrease of fuel imports Reduction of CO, emissions

producers in Germany
Canpa
~ 1.883 MWh,, 941 Mio. t
~1.311 MWh,,

563 Mio. t
others
heating
traffic

electricity
201 2030 2010 2030 2010 2030

Source: BCG Trendstudie 2030 on behalf of BDI
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Global revenue potentials with end products could be more than € 60 b

p-a. for German enterprises in 2020

Forecast of revenue potentials with respect to different technologies:

Global market Thereof potential for German enterprises

Revenue potential
billion € p. a
share of German enterprises in global market constant

‘ Products:

~ 61

Revenue potential
billion € p. a.

~710

- Electricity generation
- Energy storage

|:| Electricity grids

- Electricity consumption
(e.g. smart meters)

- Buildings/ insulation

~ 397

2011 2020 2030 2011 2020 2030

Source: BCG Trendstudie 2030 on behalf of BDI
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Governments have recognised need for higher spending and

subsequently delivered after 20 years reduction

IEA Total Public Energy RD&D Budget:

25
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15 -

10

Billion USD (2014 prices and PPP)

0
1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014

Source: International Energy Agency, IEA 2015

Dr. Carsten Rolle, Abteilungsleiter Energie- und Klimapolitik 7. September 2016 Seite 7 féé) BDI



Relative importance of energy in public R&D funding has to rise

IEA Total Public Energy R&D Budget

30
25
20

15

USD billion

10

1980 1990 2000

M Energy efficiency M Fossil Fuels
M Nuclear W Other cross-cutting
© Share of energy in total R&D
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Energy RD&D is pursed to different degrees in OECD member states.

Shift in technology focus follows policy shift

Energy RD&D per thousand units of GDP in 2013 and IEA Total Public Energy RD&D

Finland
Norway

Canada 00K — T

Belgium BO% [— — ——

Switzerland -
1990 2000 010

United Kingdom 1974 1980 2014
Estonia H Energy efficiency M Fossil fuels B Renewable energy sources
Czech Republic u mr;g:n and fuel cells Other power and storage H Cross-cutting

New Zealand

Austria
Sweden a0 [—

United States
Slovak Republic
Netherlands

Germany
Poland

Spain

Portugal

0 0.2 0.4 0.6 0.8 1 1.2 14

Source: International Energy Agency, IEA 2015
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European utilities increased RD&D expenditures for the first time since

2011 in 2014 — mainly driven by EDF

RD&D expenditures in million Euros:
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Source: Burger, Pandit, Weinmann (2015)
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Federal spendings on energy science has increased and generally

responed to changed policy requirements in the wake of Energiewende

Overview of topics of the German Federal Energy Research Programm:

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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mEnergy Efficiency ®Renewable Energy ~ B Nuclear Safety Fusion

Source: German Federal Ministry of Economic Affairs and Energy; January 2016
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Energiewende is more than generation technologies — grids are crucial

Federal funding of grid technologies sind 2012 in million Euros:

0 10 20 30 40 50 60

B Components ®Net planning ®Operational management ® System studies ®Basics research ®Other

Source: German Federal Ministry of Economic Affairs and Energy; January 2016
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So is storage... Winner technology not yet identified

Subsidies for energy storage in million Euros

0 10 20 30 40 50 60 70
B E|ectrochemical storage B High temperature storage B \echanical storage Electric storage
H| ow temperature storage B Basics research B Other

Source: German Federal Ministry of Economic Affairs and Energy; January 2016
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Energiewende also reflected in EU spending on German beneficaries

Distribution of subsidies in Horizion to German beneficiaries, sorted by topics. (2014)

. . B —Buildings and users
"= Heating and cooling 5-61%

1.40% @ % Lighthhouse Cities™ & Cross-%uztglg ISSUES
A\ 12.73% 10%
® " Industry and products o . Socio-environmental
0.70% A \ ecological aspects of the
’ energy system
®—Financing of renewable
energies
3.71%

i~ Innovative knowledge and

technology
3.21%

/ ‘ 0.60%
European research area
‘ B Fossil fuels
6.91%
B Storage technologies
5.21%

"~ Renewable energies ™| Electricity grids

34.77% 17.74%
u Bio energy
0,
Source: German Federal Ministry of Economic Affairs and Energy; January 2016 5.81%
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BDI‘'s committee on energy sciences and energy technology includes all

actors and enables a balanced view on our energy future

Members come from industry associations, companies and institutes:

ALSTOM Deutschland Mitsubishi Hitachi Power Systems Europe GmbH
ArcelorMittal RWE

AREVA SCHOTT

BASF SET Wirtschaftsverband Stahlbau

BridginglT GmbH/BDI initiativ Internet der Energie Siemens

Bundesverband Glasindustrie VDMA Power Systems

Robert Bosch Verband der Chemischen Industrie

DLR Deutsches Zentrum fur Luft- und Raumfahrt Verband der deutschen Verbundwirtschaft

EnBW Energie Baden-Wurttemberg Verband der TUV

Forschungszentrum Julich Wirtschaftsverbands Erddl- und Erdgasgewinnung

Gesamtverband Steinkohle
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BDI‘s assessed 27 technology fields from all energy backgrounds

Overview of assessed technologies:

Fossil power plants:
+ High efficiency/flexible power stations, CHP
+ CCS/CCU

Exploration and production of energy resources, fossil fuels:

* Fracking

* Fuel research

Nuclear science:

» Reactor technology fusion

* Decommissioning, intermediate and final storage
* Reactor technology, radiation protection
Renewable energies:

*  Hydro

« PV

* Wind onshore

*  Wind offshore

* Marine energy

+ Bioenergy (including second-generation fuels)
» Solarthermal electricity generation

* Geothermal energy, including heat applicatons

Dr. Carsten Rolle, Abteilungsleiter Energie- und Klimapolitik

Electric and substance grids:

» Distribution networks, smart grids, new network technologies

« Offshore linkage, EU super grid, direct current

+ Substance networks (Stoffnetze)

Systemic questions of the energy system:

+ Sector linkage, multimodal systems

» Energy-efficient/flexible industrial processes

« |ICT - digitdisation, information technology

Mobility:

* E-mobility (including batteries)

* Fuel cell

Energy storage solutions:

» Material storage (H2/methane, stationary)

» Electrochemical storage (including batteries)

« Stationary storage and storage systems
(“flow” batteries, heat storage)

Gebaudetechnik/Lichttechnik:

+ Energy-efficient buildings, building technology
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Assessment is based on 4 broad categories and sub-categories

Overview of assessment criteria I:

1. Benefits of the technology (New weight 25 %, 2011: 40 %)
Effects of successful deployment of the technology (or the progress brought about by R&D) on a plausible future scale within the defined essential benefit

dimensions (e.g. as reflected in the sides of the energy supply “triangle” — economy, ecology, security of supply). The evaluation should be determined
irrespective of the country of deployment (by contrast with the “Economic importance” criterion, which is evaluated from the angle of the German economy).

1.1. Climate and environmental protection:
Can CO2 be saved, on a sustainable basis where possible? Are there other emissions and/or further environmental impacts such as exhaust gases, noise

nuisance, etc. (compare with the state of the art)?

1.2. Resource efficiency:
Estimation of resources (raw materials, water, soil, air) saved in the production process/in use over the service life.

1.3. Security of supply:
Can materials and fuels be acquired easily and affordably, also in the future, from a secure source of supply? Contribution to ensuring a reliable energy

supply. Estimate of the availability of resources taking economic viability from today’s standpoint into consideration.
1.4. Customer benefit:

Are there economic advantages? Do further forms of customer benefit come into play beyond the pure benefit of energy supply (convenience, additional
functions)?
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Assessment is based on 4 broad categories and sub-categories

Overview of assessment criteria ll:

2. R&D effectiveness (New weight 30 %, 2011: 20 %)
Can the State effect perceptible improvements in technology development (position on the learning curve) with relatively little research money?

3. Economic importance (New weight 25 %, 2011: 30 %)
The effect of public R&D on the German economy is evaluated in this category. A positive effect can arise as a result of production, value creation and
research infrastructure in Germany being strengthened. Potential world market shares for German companies are also taken into consideration here.

4. Societal and political acceptance/relevance (New weight 20 %, 2011: 10 %)

4.1. Acceptance:

Is the technology under review seen in a positive light by large swathes of the population? Is there broad societal acceptance for the production and use of
the technology?

4.2. Attractiveness:
Is use of the product positively perceived by individuals and in the public presentation (lifestyle, prestige, etc.)?

4.3. Political relevance:
Does the technology support policy goals? And vice versa: is the technology supported by policy-makers?
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10 technology fields were identified as crucial priorities

—

o kags EU = Sector linkage, multimodal systems b i
= super grid, direct current 0% i ge, Y . E-mobility (including
- E fficient/flexibl -t batteries)
nergy-efficient/flexible . P
g indusg::'ia[ processes 5= piaibutcn
[ 1o ) networks, smart
o 50° % , grids, new network
® Digitisation! ;0% ‘technologies
J of Energy-efficient
o o0 Fuel cells buildings, building
o ¥ technology
. PV *e
Material storage
(H2/methane,
stationary) Electrochemical storage

(including batteries)

.

Wind onshore

. Reactor technology fusion .
Marine energy ‘

Stationary storage and
storage systems (“flow”
batteries, heat storage)

D issioning, intermedi
“+, and final storage '

Hydro

High efficiency/flexible
power stations, CHP ..

Fuelresearch

ccs/ccu ‘ . Solar thermal electricity generation

Geothermy (including heat) | T e . Gerir
k networks (Stoff ) ey Reactor technology, N Bioenergy (including
o radiation protection 60" second-generation fuels)
*New weightings: “R&D effectiveness” at 30%, “Benefits of the technology” at 25%, “ i Market readiness —>
importance” at 25%, “Miscellaneous/acceptance” at 20%
18 £ digitisati . I ¢ W 1d.A interf Technologies/processes Bubble size reflects economic
i AeAmeAnts‘o |g|t|sat|or;fare penetr?‘tlng al a;eés: to;norro s energdy worl b slan |r1:‘e :ce, . prioritised for state importance of the technological field
igitisation is an overarching research area and is therefore represented extensively with a dotted line. research support for Germany as a business location
Source: BDI @ BDI

Dr. Carsten Rolle, Abteilungsleiter Energie- und Klimapolitik 7. September 2016 Seite19 féé) BDI



