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Method: Categories of costs and benefits,
Barbara Breitschopf Fh-1S1

How can costs and benefits of RE
deployment be measured?
- Methods and results
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Categories of costs and benefits — why this analysis ?

e RE Sources Act (EEG) and RES Heat Act (EEWarmeG):
— goal:

share of RES in electricity: at least 35 % by 2020 (50 % in 2030; 65 % in
2040; 80 % in 2050);

at least 18% of total gross final energy consumption in 2020,
149% of final heat consumption in 2020.

— purpose:

y SUSTAINABLE ENERGY

, WEEK 18-22 JUNE 2012 =

facilitate a sustainable development of energy supply,
protect our climate and the environment,

reduce the overall economic costs of energy supply, also by incorporating
external long-term effects,

conserve fossil fuels and

promote the further development of technologies for the generation of
electricity from renewable energy sources.




European
Commission

Categories of costs and benefits — why this analysis ?

= current deployment status and targets:

Renewable energy sources as a share of energy supply in
Germany
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1) Sources: Targets of the German Government, Renewable Energy Sources Act (EEG); Renewable Energy Sources Heat Act (EEWarmeG), EU-Directive 2009/28/EC;
2) total consumption of engine fuels, excluding fuel in air traffic; 3) calculated using efficiency method; source: Working Group on Energy Balances e.V. (AGEB); RES: Renewable Energy Sources;
source: BMU-KI Il 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat); image: BMU / Brigitte Hiss; as at: March 2012; all figures provisional
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Categories of costs and benefits — why this analysis ?

Background of the project:

= Joined research project under the direction of the /
Fraunhofer Institute for Systems and Innovation % FraunhOfer
Research conducted for the Federal Ministry for the i PN ISl
Environment, Nature Conversation and Nuclear Safety  1Z@S.c.. _gWS NZ NI BERLIN

Objective:

= Costs and benefits of the increasing deployment of
renewable energy in Germany

Approach:

e Study on conceptual framework to better assess costs
and benefits caused by the expansion of renewable
energy —> Classification into three main categories:

= system analytical or system related costs and @ Federal Ministry for the
; Environment, Mature Congervation
benefits | and Nuclear Safety
« distributional effects |
e macro-economical effects
and other effects so far not quantified. \
ySUSTAINABLE ENERGY i
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Categories of costs and benefits — the approach

- system related costs and benefits
— use of resources and avoided environmental damages

— direct (installation, O&M) and indirect (consecutive - infrastructure)
costs of RE technology compared to a system without RE technology

- distributional effects
— positive and negative distributional effects and price effects

— at the level of actors (or groups) / households, firms, state (micro-
economic)

— distribution of costs via market intervention of the state (regulation,...
= macro-economic effects

— macro-economic impulses: investments, turnover

— gross effects: employment in RE industry

— net effects: change in GDP, net employment

other effects (not quantified like supply security, risks of nuclear
accidents, spill-over of R&D, ....)

$19342 pajejal washs
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macro
economic
effects

system related distributional
effects effects

category

0

g ross net

Q benefits costs positive negative impulses g

c effects || effects
* Avoided environmental e EEG-surcharge * Investment

© costs * Merit-order effect e Turn-over

Q + Additional generation + Taxation of power * Reduced fossil fuel

3 costs in the power and * Public funding imports

2 heat sector » Special equalisation scheme * Gross employment

T e Transaction costs for electricity-intensive * Net employment

..?)  Additional cost of control enterprises

and balancing power
+ Cost of grid expansion

~and other effects not yet quantified V.
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2011 preliminary data
- Category Study scope Electricity Heat Total
Categorles Of in billion Euro
COStS direct additional generation costs 9.3 1.4 10.6
and systemrelated ST 013 o1
effects ‘ :
H total additional generation costs 9.6 14 10.9
benefl:ts avoided social costs (environment) 8.0 2.1 10.1
- overview EEG surcharge 13.5 13.5
special equalisation scheme 2.2 2.2
distributional  merit-order-effect (2010) 2.8 2.8
effects publicfinancial support 0.7
market support programs 0.4
R&D support 0.3
import substitution 2.9 34 6.02*
' investments (in power- und heat generation 20.0 29 2.9
macro-economic plants)
effects turn-over (manufacturer of RE equipment 24.9
and components) ’
gross employment (in number of jobs) 381,600
other effects yet energy supply, risk of nuclear accidents, spill-
not quantified over of R&D, values, society&politics, .... n-a.
price base 2011 except avoided environmental costs (price base 2010) *includingtransport, net of biomass imports
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Present costs and benefits — methods and
results of selected effects

other
effects

macro-economic

system related effects distributional effects
effects

* avoided balancing * merit- * net
environmental costs order tion employment
costs * additional effect scheme effect

generation
costs (heat)

e costs of grid
expansion
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Results: Balancing costs, Marian Klobasa, Fh-1SI

How can costs and benefits of RE
deployment be measured?
- Methods and results
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What are the components of balancing costs

e Major costs occur due to forecast errors for wind
and PV generation

— Forecast errors are compensated by intra-day
trading

— All remaining forecast errors have to be
compensated by balancing energy

e Further administrative costs are included
e Cost calculations using market data
 Publications by the regulatory authority

y SUSTAINABLE ENERGY
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Forecast error for PV and wind in Germany 2011

e Forecast error especially for wind decreased
In the past

e First experiences with solar forecast

 Additional gains due to a combination of wind
and PV
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Forecast error for wind in Germany 2008 - 2011
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Source: www.eeg-kwk.net
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German balancing market

e Liquidity of intra-day market increases
substantially

- Market design improved over last five years
e International cooperation implemented
= Significant price drop can be seen

y SUSTAINABLE ENERGY
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Price development in tertiary reserve
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Price development in secondary reserve
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Average price for balancing energy in 2011
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Source: German TSO 2012
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Cost assessment of RES integration costs

e Cost assessment based on market prices for
Intra-day trading and balancing energy

— Assessment of costs related to EEG marketing

— Additional costs due to intra-day trading around
20 million €

— Costs for balancing energy around 140 million €
— Total costs of around 160 million €
e Cost estimate by the regulatory authority

(BNetzA) is 156 million €, based on cost data
from TSOs
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Cost decrease since 2008

RES integration costs

©Costs for RES integration = RES generation (Wind/PV)
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** prelimanary figures, Source: based on BNetzA 2012,
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Results: Additional generation costs in the heating

sector
Jan Steinbach, Fh-1SI

How can costs and benefits of RE
deployment be measured?
- Methods and results
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Characterisation of heating sector in Germany

= Heat production is highly 88% 12%

decentralised
Mostly on-site generation m ‘»%

8%

I ® o ti MFH
= Heterogeneous investor structure wner cooperatives (MFH)

. . . E Owner occupier (SFH
= Mainly private investors pier (SFH)

= Private landlords

m Housing ascociation

\\‘
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RES-H development in Germany

Contribution of renewable energy sources to heat supply in
Germany since 1997
160,000
140,000
120,000
100,000
=
< 80,000
o
60,000
biomass
40,000 consumption
mainly in log
20,000 fired stoves
0
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
* Solid and liquid biomass, biogas, sewage and landfill gas, biogenic share of waste; 1 GWh = 1 Mill. kWh; RES: Renewable Energy Sources;
source: BMU-KI IlI 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat); image: BMU / Brigitte Hiss; as at: March 2012; all figures provisional
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Main support schemes for RES-H in Germany

Promoting
instruments

y SUSTAINABLE ENERGY
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Investment grants for small and
medium-sized installations

Soft loans including partial
payments for large installations,
district heating networks, ...

Minimum share of RES to cover
thermal energy demand

in newly constructed buildings
» > 50 % biomass
» > 15 % solar radiation
» >50% geothermal V.o

(heat pumps) i
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Additional generation costs of RES-H

Annual costs of RES-H Annual savings
e Annuity of investments in RES-H e Annuity of investments in
installations alternative fossil fuel installations
= Operating costs = Operating costs
= Fuel costs e Fuel costs
E— S—

- Additional generation
costs of RES-H
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Calculation of additional generation costs

Building typology
Renewable heat — Fossil fuel heat
technologies » building size/age technologies
» Reference buildings

v v
Specific heating Additional costs of
costs for each RES-H tech.
technology in each compared to fossil
reference building fuel tech.
\
Assumptions ‘
y SUSTAINABLE ENERGY Additional generation costs of log fired stoves are not monetarised i
E Additional costs of biomass CHP plants are include in electricity sector
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Calculation of additional generation costs

Building typology
Renewable heat — Fossil fuel heat
technologies » building size/age technologies
» Reference buildings

v v
Specific heating Additional costs of
costs for each RES-H tech.
technology in each compared to fossil
reference building fuel tech.

Add. generation costs (total)

Additional cost of total RES-H

deployment in Germany \ :
Assumptions
y SUSTAINABLE ENERGY Additional generation costs of log fired stoves are not monetarisized
Additional costs of biomass CHP plants are included in the electricity sector
]
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Total additional generation costs in the heating sector

* Level of additional

3,0 .
generation cost depends on
2.5 » RES expansion
2,0 » Heating degree days
© . (cold year in 2010)
s > Energy prices
E 0 - 1.6 - 1,4 e .y
= 05 |1— 1,0 — ’ e Specific additional
generation cost are suited

2008 2009 2010 2011 for comparison between
sectors (electricity, heating
sector) or countries

\\‘
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Results: Merit-Order effect, Frank Sensfufld, Fh-I1SI

How can costs and benefits of RE
deployment be measured?
- Methods and results
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The Merit-Order Effect- Definition

*The Merit-Order Effect describes the price effect of RES-E generation on spot
market prices for electricity

e Analysis:
Compares market prices with RES-E support and a counterfactual scenario without
RES-support
*Type of effect:
Distributional effect
— Savings for the consumer
— Loss of income for generators
*Possible Question:

Does the Merit-Order effect compensate consumers at least partly for the cost of
RES-E support?

\\‘
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Merit-order effect

price 4
[€£/MWh]
= P = prices P,- P, = merit —
- N = demand order effect
= A = supply

= A, = supply without RE

= A, = supply with RE

= P, = resulting market
price withoutRE = BB e P,

= P, = resulting market
price with RE

marketvalue
RE electricity

y SUSTAINABLE ENERGY
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Merit-Order effect: Results for a selected day

——Incl. EEG —=Excl. EEG

60 70,000 /.

I \\-\
<

Z 5 v 5 60,000 — / / ~— ~o
o

= = 50,000 +%

w 40 £

£ T 40,000

830 3

< 30,000

20
20,000

10 10,000

0

0
123 456 7 8 91011121314151617 181920 21 222324

Hour of day

123456 7 8 9101112131415161718192021222324
Hour of day

=) The price effect (MOE) depends heavily on the

market situation
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Counterfactual scenario

*More conventional capacity is needed
* Without RES-E support less generation capacity is mothballed

* Without RES-E support additional investment in (fossil&nuclear)
generation capacity is necessary

*Type of capacity is uncertain

* Uncertainty about amount and type of conventional capacity
increases for:

Longer time periods
Higher RES-E penetration (fuel-, CO, prices)

y SUSTAINABLE ENERGY
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Price effect-impact of additional capacity in the counterfactual
scenario

Price in € MWh

Additional generation capacity in the
counterfactual scenario reduces market
prices

N,
® =
Demand in M\W \
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Counterfactual scenario:
Determination of additional capacity-Methodology

e Amount of capacity:
* Comparison of the maximum required conventional capacity with and without RES-E

* In order to reduce volatility of the results the average of the difference between the
10 highest values is used

* Tends to be higher than a simple comparison of the maximum values...
* The validity of the estimation is tested with simulation runs

*Type of capacity:
* The share of different fuel types is estimated based on an analysis of the impact of
RES-E generation on plant dispatch in Germany
* 50% of the additional capacity in the counterfactual scenario is based on new plants

\\‘
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Additional capacity in counterfactual scenario 2010

Hardcoal-old 2010 3500 35%
Hardcoal-new 2010 3500 45%
Gas-CC-Old 2010 750 50%
Gas-CC 2010 750 58%
Gas-GT 2010 750 30%
Gas-GT 2010 750 40%
Gesamt - 10000 -
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Merit-order effect

ReSU ItS : Merit-order effect
4,0
30 ——
W
= 20 — I e I
’ 3,6
2 e 2,8
1,0 +— o
0,0 T T
2008 2009 2010
merit-order reduction of add. power generation
effect phelix day base due to EEG
bill. € €/MWh TWh
2007 3.71 8.82 62.5
2008 3.58 5.83 69.3
2009 3.1 6.09 76.1
2010 2.8 5.27 83.5
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Open issues

eIssues concerning the size of the effect:
— Interaction with neighbouring countries (European perspective)
— Impact of the elasticity of electricity demand

eDistribution of the effect:
— The distribution of demand side profits depends on market power in retail markets
— How much of the effect is also visible in the future market ?
If it is less visible in the future market profits remain partly on the supply side

eGenerator’s perspective:
— Possible Pricing strategies to mitigate the effect (e.g. peak load pricing)

— Does the reduction of producer profits endanger necessary investments in new
generation capacity ?

\\‘
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Special equalisation scheme for electricity-intensive
enterprises and rail operators within the scope of
EEG surcharge; Juri Horst, IZES

HOW can COStS and benefitS Of RenewableEnergy
deployment be measured?
- Methods and results
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Special equalisation scheme — in general

= Intention of the scheme is to protect

— electricity-intensive manufacturing enterprises with high
electricity consumption and

— rail operators,

which international and intermodal competitiveness could be
at risk.

e These consumers shall be limited up to 0.05 cents per
kilowatt-hour of the EEG surcharge.

y SUSTAINABLE ENERGY
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Special equalisation scheme EEG 2012 — in specific

* In the case of manufacturing enterprises:

— the industrial sector is part of categories B or C of the
industry classification (NACE);

— the electricity purchased from an electricity supplier and used
by the enterprises themselves must reach at least
1 gigawatt-hour at a certain delivery point;

— the share of the electricity costs referred to gross value
added must be at least 14 percent;

— an individual share of the EEG surcharge was delivered to the
enterprise;

— a certified energy-management-system has to be installed
(only enterprises with 10 gigawatt-hours/year and more)

\\‘
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Special equalisation scheme EEG 2012 — in specific

« In the case of manufacturing enterprises:

— shall not be limited for the first 1 gigawatt-hour

— shall be limited to 10 percent of the EEG surcharge
for the share of electricity between 1 and 10
gigawatt-hours;

— shall be limited to 1 percent of the EEG surcharge
for the share of electricity between 10 and 100
gigawatt-hours;

y SUSTAINABLE ENERGY
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Special equalisation scheme EEG 2012 — in specific

e In the case of manufacturing enterprises:

— shall be limited to 0.05 cents per kilowatt-hour for
the share of electricity exceeding 100 gigawatt-hours

OR

— If the consumption was at least 100 gigawatt-hours
and the ratio of electricity costs to gross value added
was more than 20 percent, the EEG surcharge shall
be limited to 0.05 cents per kilowatt-hour beginning
with the first kilowatt-hour

y SUSTAINABLE ENERGY
]

, WEEK 18-22 JUNE 2012




European
Commission

Special equalisation scheme EEG 2009 — in specific

o

/ 4

4
35 @ & & o
3
2,5
2
1,5
1

0,5 [ 1 1 |
0 . . . . . —

0,5 1 5 10 20 50 100 200 500

ct/kWh

GWh/year

—&—non-privileged, EEG-surcharge with EC/GVA <=15% a [ct/kWh]
—l—partly privileged, specific EEG-surcharge with EC/GVA >15% and <20% [ct/kWh]
—i—specific EEG-surcharge full privileged [ct/kWh]
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Special equalisation scheme EEG 2012 — in specific

3,5 ¢ ‘
3 \
2,5

5 \
2
S~
: \
1,5
1
0,5
0 T T T T m—\
0,5 1 5 10 20 50 100 200 500
GWh/year

—&—non-privileged, EEG-surcharge with EC/GVA < 14% a [ct/kWh]
—l—partly privileged, EEG-surcharge with EC/GVA >=14%and <=20% [ct/kWh]
——specific EEG-surcharge full privileged [ct/kWh] \ .
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Special equalisation scheme — in specific

e In the case of rail operators:

— if the electricity purchased from a electricity supplier and
used by the enterprises themselves has reached at least 10
gigawatt-hours at a certain delivery point;

— if an individual share of the EEG surcharge was delivered to
the enterprise;

— than shall only be limited for the quantity of electricity
exceeding 10 percent of the electricity purchased;

— the limited EEG surcharge shall amount to 0.05 cents per
kilowatt-hour.
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Special equalisation scheme in 2012 (EEG 2009)

average privileged

amount of privileged consumption

Branch T [GWh] consumptiTgvp\);r] enterprice
chemical industry 87 24.388 280
pulp and paper 87 13.110 151
:;la::\ou;icc;c;sring of hot-metal, steal and 31 10.461 337
manufacturing of non-ferro metalls 22 8.704 396
rail operators 51 4.446 87
manufacturing of cement 23 3.195 139
timber industry (without furnitures) 37 2.340 63
manufacturing and processing of metall 76 2.844 37
food industry 69 1.851 27
energy supplier 26 1.089 42
other 221 12.862 58
in total 730 85.290 117

SUSTAINABLE ENERGY
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Special equalisation scheme — method of estimation

e The following values are estimated:

— situation “without special equalisation scheme”:
an ,,equipartitioned“ EEG-surcharge without the
equalisation scheme was calculated.

— situation “with special equalisation scheme”:
priviledged EEG-surcharge of each delivery point
(industry and railroad companies) was estimated

— difference: situation “with” and “without” special
equalisation scheme

y SUSTAINABLE ENERGY
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Special equalisation scheme — results

2.500
2.000
e 1.500
3
- c
Savings for 2
- . ‘€ 1.000
privileged £
- 43
(=
enterprises -
(estimates)
0 -
2008 2009 2010 2011
Sum 723 707 1.259 2.177
other industry 110 134 251 498
H cement 31 32 54 97
M rail operators 44 39 66 126
B hot metal, steal and ferro alloy 94 87 164 267
M non-ferro metals 101 115 181 242
M pulp and paper 124 85 208 364
W chemical industry 218 215 335 583
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Special equalisation scheme — results

2.5300
2.000

1.500

Additional costs
for non-privileged 1.000
actors (estimates)

million Euro

500
a
2008 20095 2010 2011
total 723 a7 1.259 2177
M other sectors 18 17 32 18
m commerce, trade and services 133 150 275 482
B other manufacturing industries 268 236 303 607
M privat households 236 238 438 TBE
W public househaolds /o (15 121 212
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Future costs and benefits — selected examples

effects of RE MY ther effects
deployment

\

system related effects distributional effects macro-economic effects

* avoided * balancing * merit- e compen * net
environmental costs order -sation employment
costs * additional effect scheme effect
- generation T ——

costs (heat)

e costs of grid

expansion
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Avoided environmental costs under different
assumptions, Barbara Breitschopf, Fh-1SI

Future costs and benefits — the
main drivers
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Avoided environmental costs

Inputs for the calculation of avoided environmental costs are:

= heat and power generation from RES (Q)

e emission factors (EF) of fossil and RE sources like emissions of
green house gases or other air pollutants (g), indicated in g of
GHG per generated kWh power or heat (g/kWh)

e substitution factors (SF) indicating the share of fossil fuels (f)
replaced by RES (RE), in %

- damage costs (C) indicated in € per t emitted GHG or air
pollutant

avoided environmental costs gz ¢ = Qge (2f (EFfq ™ SF ¢ gg ) — EFge4) > Cq

\\‘
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Avoided environmental costs

Heat and power from RES - a mix in 2010, 2020 and 2030 in Germany

350

W heat pumps

300

W biogen waste

250 1 sewage /biogas
200 m biomass (liquid)
150 M biomass (wood)
100 - W zeo thermal energy
50 ] 1 PV/solarthermal energy
0 - | | : : : W wind power

power power power heat heat heat
2010 2020 2030 2010 2020 2030 Whvdropower

TWh

Source: Long-term scenarios (2011): DLR/IWES/IfnE: long-term scenarios and strategies for RE
deployment in Germany; Study commissioned by the BMU; preliminary results; 4. Nov. 2011. “
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Avoided environmental costs

= Emission factors (life cycle emissions)
— source: UBA 2011 (Federal Environment Agency)
— adaption to efficiency / performance changes of output related EF

— based on assumptions about technological performances of the
long-tern scenarios 2011 for 2020/30

— alternative: no changes of EF

= Subsitution factors
— source: UBA 2011
— no changes in the heat sector
— no changes in the power sector

— alternative: adaptation in the power sector on the basis of the
baseline scenario of the long-term scenarios 2011

ySUSTAINABLE ENERGY
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Avoided environmental costs

e damage costs for GHG and other air pollutants - no market price
for GHG - assessment via IA-models

source: NEEDS (2009) and Krewitt et al. 2006

70€ / t CO, from Krewitt et al. 2006, other GHG adapted according to
NEEDS 2009

other air pollutants (SO,, NO,, PM s 2.5 100 MNVOC) from NEEDS 2009
alternative: 77€ / t CO; squivalent

= CO, prices

o

/ 4

source: long-term scenarios 2011
no internalisation

alternative: internalisation with 27€ / t CO, in 2020 and 45€ / t CO, in
2030
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Avoided environmental costs

e in 2011 the avoided environmental costs range around 10 bn €

e 2020/30:results of standard setting and alternatives (in bn €)
— case 1: standard setting (no alternatives)
— case 2: alternative EF (no changes)

— case 3: alternative SF (SF power according to baseline scenario of the
long-term scenarios 2011)

— case 4: alternative damage cost CO, squivaients 7€/t
— case 5: alternative internalisation of CO, prices

in bn € case 1 case 2 case 3 case 4 case 5

total 2020 15.4 16.5 18.3 17.0 11.4
total 2030 21.9 23.4 24.1 23.1 12.5

y SUSTAINABLE ENERGY
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Costs of grid expansion, Marian Klobasa, Fh-1SI1

Future costs and benefits — the
main drivers
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Assessment of grid extension costs

= Sources for cost assessment are grid studies for Germany (mainly
DENA | and I1)

— DENA 1 is looking until 2015
— DENA Il is looking until 2020

- Additional costs are expected for grid extension and grid connection
(especially for offshore wind)

= Additional costs occur in distribution grids

= Grid extension is not only driven by RES deployment, but also by
security of supply and general market integration. Grid extensions
costs should be allocated to RES deployment only partly.

= Recently a grid development plan is presented looking on grid
extensions until 2022 (Netzentwicklungsplan, BNetzA 2012)

\\‘
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RES capacity development in recent grid studies

W Status 12/2011m DENA | m DENAII m Leitstudie 2011
mNEP2012 (A) mNEP2012(B) m NEP2012 (C)

6

50

40

30

20 -

4 |.
O .

2011 ‘ 2020 ‘ 2022 | 2011 ‘ 2020 ‘ 2022 | 2011 ‘ 2020 ‘ 2022

Capacity in GW

PV Wind offshore Wind onshore

Source: DENA | and DENA Il grid study, Netzentwicklungsplan 2012
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Cost assessment until 2015 (Source DENA )

e In the short term until 2015 an extension of the high
voltage grid up to 850 km is expected

- Status of new lines until 2011 was 214 km according
to publications by the BNetzA

e Cost estimates indicate ca. 1,1 billion Euro investment
needs for new grid capacity

e Additional investments are needed for offshore wind
grid connections.

y SUSTAINABLE ENERGY
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Cost assessment until 2020 (Source DENA I1)

e The connection and integration of RES
generators providing 39 % of the German
electricity demand until 2020 will need further
iInvestments in the grid of around 6 billion Euro

e For cable solutions, costs can increase by a
factor 2 up 5 depending on the chosen
technology

y SUSTAINABLE ENERGY
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Cost assessment until 2020 — Investments 2015 — 2020
(DENA I1)

60.000

50.000

40.000

m Offshore Connection

30.000 H Extension AC

 Extension DC
20.000 . .
M Existing Grid
10.000 . . . m Compensation
0

BAS 0 ‘ PSW

Mio. €

HYB VSC GIL

BAS: Baseline scenario, PSW: extended pump storage capacity, HYB: Hybrid solution with cable and
overhead lines, VSC: Cable solution with voltage source converters, GIL: gas insulated cables);
Source: DENA Il grid study 2010
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Cost assessment until 2020 — Annuity (DENA 11)

5000
4500
4000
[ Offshore Connection
3500
| Extension AC
o 3000
D Wl Extension DC Cable
¢ 2500 .
= W Extension DC Overhead
2 2000
W Existing Grid
1500 B Compensation
1000 M Losses
0
VSC1 VSC2

BAS: Baseline scenario, FLM: temperature monitoring, TAL: High temperatur overhead cables. PSW: extended pump storage
capacity, HYB: Hybrid solution with cable and overhead lines, VSC: Cable solution with voltage source converters, GIL: gas

insulated cables);
Source: DENA Il grid study 2010 \\‘
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Offshore grid connection

y SUSTAINABLE ENERGY
]

German TSOs are responsible for the grid connection of offshore wind
power plants

Cost assumption based on DENA | and 11

— Cost estimates indicate 3.7 billion Euro investment for the
connection of 7000 MW offshore wind.

— If 14 GW of offshore wind will be connected until 2025 an
investment of over 7 billion Euro is needed.

Recent projects have connected 108 MW for ca. 90 million € (Alpha
Ventus, Baltic 1)

TSOs applied for a investment budget of 5.5 billion Euro to connect 5.3
GW offshore wind

Technical risks increase uncertainties in future cost assessments

}‘
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Cost overview grid extension

Grid extension brings benefits to RES deployment, security of supply and market integration, but
grid extension costs should not be allocated to RES deployment only

Grid Extension Costs Until 2015 2015 - 2020 Total investments
until 2020
Onshore |Investments 1.1 bn. € min. 6.0 bn. € 7.1 bn. €
(Cable solution) (22 — 28 bn. €) (21.1 — 28.1 bn. €)
Annuity 80 m. €/a 600 m.€/a 680 m. €
(Cable solution) (2-2.7bn. € (2.1 -2.8bn. €)
Offshore |Offshore capacity 7 GW 7 GW 14 GW
Investments 3.7 bn. € 3.7 bn. € 7.4 bn. €
Annuity 340 m. €/a 340 m. €/a 680 m. €/a
Total Investments 4.8 bn. € 9.7 bn. € 14.5 bn. €
(Cable solution) (26 — 32 bn. €) (31 —-37 bn. €
Annuity 420 m. €/a 940 m. €/a 1,360 m. €/a
(Cable solution) (2.3 — 3.0 bn. €/a) (2.8 — 3.5 bn. €/a)
Source DENA | DENA I own calculations

Source: based on DENA | and DENA Il grid studies
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Comparison to recently published grid development
plan (Netzentwicklungsplan)

e Grid development plan considers higher RES shares

— 3 Scenarios A,B and C are developed with RES shares of 43%,
49% and 60 % on electricity generation

— PV and onshore wind capacity are substantially higher than in
DENA Il study

e Scenario A is most comparable to DENA 11 study and indicates
investment needs of 19 billion € until 2022 (without offshore grid
connection).

e Offshore grid connection is estimated with additional 12 — 15
billion € until 2022

e Cable solutions are also not considered in this scenario

y SUSTAINABLE ENERGY
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Future employment under different cost
assumptions, Ulrike Lehr, GWS

Future costs and benefits — the main
drivers
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Wind energy

Biomass

Solar energy

Hydropower

Geothermal

Publicly funded
research/administration

M 2011: approx. 381,600 jobs*
¥ 2010: approx. 367,400 jobs*
I 2009: approx. 339,500 jobs*
1 2007: approx. 277,300 jobs

2004: approx. 160,500 jobs

| | | I | | |
Increase from 2004 to 2011: approx. 138 %

% ‘ f ~ * Estimates
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Method

e Sensitivity analysis?
e Environmental-economic model PANTA RHEI
- Basic assumptions:

— Oil price, CO2 price

— RE scenario

— Zero RE scenario

e Comparison of energy scenarios == economic effects:
here employment

= High energy prices mitigate (negative) budget effects
from RE

lpasic settings from: BMU (2011) Renewably employed!; Lehr et al., 2011, Kurz- und langfristige
Auswirkungen des Ausbaus erneuerbarer Energien auf den deutschen Arbeitsmarkt

y SUSTAINABLE ENERGY
]

, WEEK 18-22 JUNE 2012




* K

European
Commission

PANTA RHEI

LAMND USE

PANTA RHEI is a version of the macroeconometric simulation
and prognosis model INFORGE developed by GWS mbH, which
has been expanded to include an analysis of environmental

economic issues.

The PANTA RHEl model tracks the long-term structural change
in economic development and in environmental economic inter-
dependences. As well as comprehensive economic modelling,

i energy use - and in particular use of renewable energy - is

[NFORT
& Trade IModel e
-worlditport demand RATE
R - world market prices
& incl. energy ¢
MONETARY
l FOLICY
FINAL DEWAND 4
incl. energy detnand
ELIISSION of hioushalds
OF AIR. - domestic e
FOLLUTANTS - irrported b
¥ IV ES TMENT
INFUT-OUTFUT-
+ b L, INTERWMEDIATE DEMAND
GOVERMWENT incl. electricity generation
HOUZEHOLDS energy detrand of industry
CORPORA TIONS ttranche_s
SECTOR - Finmeshc
REST OF THE - imported E
S Il i PRICES
- social security FRCDUCTION [
- disposatie income [ 1
- surplus f deficit \—- WAGES
VALUJE ADDED AND '—‘
EMPLOYIVENT
b
CAPITAL
STOCK
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-
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Assumptions

_ _ Assumption 1: Oil price development
= Fossil fuel prices 150
® I -—-"'"'-—-_‘
CO, price from work = 100 o EA WEO 2011
package before: g — Oil price
— 70 €/t CO:z in —Oilprice in
0 ) '
2020; coeoangmEs
— 77€/tCO: in SNRSRRISRS
2030
}
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Scenarios

e ZERO RE e RE scenario
— NoO renewable energy — Meets the German
since 2000 targets (40%

electricity, 20% final

_ energy demand by
— Consistent 2020)

investment in fossil

fuels
— Reflects high PV

installations in 2010
and 2011
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ZREO RE Scenario RE Scenario- TWh/a

1.000,00
900,00 B Hest pumps
800,00 [ 5olar water heaters
400 700,00 M Biomass heat
350 600,00 B Waste electricity
300 m Coal 500,00 W Biomass electricity
® 250 400,00
< 200 W Gas/ Ol ' Himport
=
= 150 W Nuclear 300,00 W Geothermal electricity
100 M Biomass 200,00 -
50 - i 100,00
. B REw/o Biomass I BWind
F T T = - TTTTTTTITTTTITTITITTTTITTITIT T
S O O o o o oM o N g W o N D Bo oo W Hydro
s T s T s T e T s T s T s N o oo 0 QO = ™ = = = ™ =
NN NN NN NS S oocooooooooo
NN NN NN NN NN NN
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CO.-Emissions
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Investment and fossil fuel

imports
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Results: Employment Conclusion

« Internalizing external effects
leads to overall slightly more

200,0 employment, because
additional costs are relatively
150,0 lower
B Differenz low CO2

100,0

i W Differenz high < Additional RE not considered
°00 o2 in sensitivity

0,0 -

2012
2015
2018
2021
2024
2027
2030

e Full internalization also for
non-ETS would be interesting
to analyze
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Thank you very much for your attention

Fraunhofer-Institut fir Systems and Innovation Research (I1SI), Karlsruhe,
Barbara Breitschopf, Frank Sensful3, Marian Klobasa, Jan Steinbach

Gesellschaft fur Wirtschaftliche Strukturforschung mbH (GWS), Osnabrick,
Ulrike Lehr

Institut far Zukunftsenergyysteme (1ZES), Saarbricken,
Juri Horst,

Deutsches Institut fur Wirtschaftsforschung (DIW Berlin), Berlin,
Jochen Diekmann
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Costs and benefits of RE
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Categories of costs and benefits — approach

RE- promotion (FIT,

no RE support . — quota, and others)

RE deployment

v

other effects

system related effects distributional effects macro-economic effects

AN

benefits costs positive negative impulse gross net
impact impact
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