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Until recently, expectations about the future of the European
generation market were mainly driven by concerns about tight
capacity

Are these concerns still jJustified?

What has changed since then?

Are there New challenges?

RW E RWE — Conference Call on Power Generation in Europe — Facts & Trends | December 9, 2009 PAGE 2



The future capacity situation in the converging markets in
Europe! is far from being solved

Existing > Ageing power plants with low efficiency
conventional power - : L
. . > Stricter CO, allocation (full auctionin
Shutdowns plants will go offline 2= ( 9) _ o
in the coming years ~ Flue gas requirements/Large Combustion Plant Directive
due to: > Nuclear policy in Germany

> Financing difficulties
Many new > Lack of sufficient price signals
conventional power > Supply constraints and high prices of power plant components
New builds plants have been > Delays due to quality problems

>

announced, but m(.)st Political risks (e.g. pending: CO, allocation in CEE, support of CCS) and
are unlikely due to: local public opposition

> Economic availability of long-term and firm gas supply

> Recession reduces capacity demand in the short-term only

Capacity demand in > In NW Block of UCTE demand structure will be more peak-loaded

this region?® will be (e.g. increased use of air-conditioning and electric heating)

stable or slightly > In NE and SE Block of UCTE rising standards of living and industrial growth
increase over the will be accompanied by higher energy demand

nextyears because: - |mproved energy efficiency will be offset by rising electrification
(heat pump, e-mobility, etc.)

1 UCTE NW Block (AT, BE, F, GER, LUX, NL, CH), NE Block (CZ, HUN, PL, SK), SE Block (BA, BG, GR, MNE, ROM, SRB) , Scandinavia and the UK.
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The issue of tight capacity has only been delayed, not solved

New-build power Of the 300 GW of new-build power plant capacity in Europe already announced,
plant capacity just 55 GW are likely to come online by 2015 and an additional 15 GW by 2020

Shutdowns Some 40 GW of old generation capacity, or 5% of overall capacity, will go offline
by 2015 due to regulatory reasons, despite being profitable

Capacity demand The crisis will dampen demand for some time, but there is no sign of systematic
and long-term lower capacity demand in Europe

By 2015 at the latest, this situation alone will lead to rising power prices
and more volatility in the European market
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But this is not the full story: the main challenge in Europe
will be the integration of increasing renewables capacity

> Huge wind and solar new build anticipated in the EU 27
More than 50% of Capacity in 2008:
BVl elo =l Mol MM expected investment 65 GW wind, 9.5 GW photovoltaic and 0.01 GW solar thermal
renewables in generation until > Forecast for 2015:
capacity 2020 is in renewable 140 GW wind?!, 20 GW photovoltaic? and 1.2 GW solar thermal®
energy > Forecast for 2020:
208 GW wind?, 52 GW photovoltaic? and 2.4 GW solar thermal®

\Y/

Already today, the > In recent years, unreliable generation from renewables in Germany could be

availability of "transported” to other countries like the Netherlands, Poland and France
renewables can > Now, all of (northern) Europe is boosting its wind and solar capacity as a
The impact on change from one result of more ambitious EU climate targets
the system hour to the next in > This means that, at the same time, those countries are likely to have more
the magnitude of feed-in from wind and solar than needed

30,000 MW; in 2015 > As a consequence, huge spikes and drops will have to be balanced out
possibly 60,000 MW more and more in each individual grid/portfolio

1. Adding new flexible capacity to the system (new fossil-fired power plants)

2. Retrofitting the existing generation portfolio

3. Other measures (e.qg. flexible use of nuclear capacity, pump-storages, load
management on the demand side, smart grids in combination with
e-mobility)

1 European Wind Energy Association, Emerging Energy Research Q3 2009.

2 European Renewable Energy Council.
3 European Solar Thermal Power Industry Association (ESTIA).

How can markets
Possible react to these
solutions increasing
imbalances?
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Therefore, there is not just a need for capacity,
but for flexible capacity

Existing > The value of existing power plants will rise as long as new-build projects
power plants are cancelled or delayed

> Existing power plants can be retrofitted with limited capex to make
them more flexible

New > Flexible new power plants, which actually come online,
power plants will be superior to inflexible power plants in the merit order

Diversified > A big, diversified portfolio can react better in volatile load
portfolio and price scenarios than individual or groups of a few generation units

Flexible “smart megawatts” can earn a premium in a more and more volatile market
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Generation mix in the North-Western Block?

Net capacity: 330 GW (2008) Average age by fuel (2008) [in years]

Oil 5% Wind 9% Wind

' Other Renewables 4% .
Hard coal 14% Gas/Oill

Nuclear
Hydro 19%

Gas 15% Hard coal

Lignite
Lignite 6% 0 Nuclear 28% Hydro
Gross generation: 1,534 TWh (2007?) Flexibility (2008)

Other 5% Wind 3% + 140

' ’. Hydro 11% + 1220 | Ramp-up capability of power

Hard coal 13%

+ 100 | plant portfolio in GW perhour . TTTTTTTTTTTC f |
+ 80
+ 60
+ 40
+ 20

base load

Gas 13%

wind & solar

Nuclear 43%

Lignite 11%

Max. load swing in GW

6 1 2 3 4 5 6 7 8 9 10 11 12 within 12 hours

> High proportion of nuclear capacity (28%)
> Nuclear is also the most important fuel in power generation, mainly due to the high contribution from France
> The existing load swing already leads to a tight remaining flexibility margin in this market area

1 North-western block: Austria, Belgium, France, Germany, Luxembourg, Netherlands, Switzerland.
Sources: Platts Database, Eurostat, RWE. 2 No 2008 Eurostat data available.
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Not only is wind volatile, but most of the time
It Is not there when it is urgently needed ...

Correlation of average power generation from wind and average day temperature in °C

4,500
Average power generation from wind [l
over the respective day
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
0
10-15 15-20 20-25 25-30
Average day temperature in °C
Source: RWE.
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....and more wind doesn't always result in more power

generation

Wind turbines are pitched in case of heavy storms to avoid damages

% Actual generation / capacity installed
100
Wind speed — Standardised wind
90 park power

80
70
60

50

40

30

20

10

Time
0

0:10 310 6:10 9110 12:10 15:10 1810 21:10 0:10 310 6:10 9:10 12:10 15:10 18:10 21:10 0:10

Source: Institut fir Windenergie und Energiesystemtechnik, 2008.
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Hard coal-fired power generation can be flexible

Comparison of ramp capacities
between old hard coal and new hard coal

New hard coal

Max. cap. ~800 MW
Min. cap. ~200 MW
Max. gradient +/- 27 MW/min

800

600

400

Max. cap. ~600 MW

200

New hard coal-fired 1,600 MW plant —
2 flexible 800 MW units for mid-merit regime

Min. cap. ~420 MW
Max. gradient +/- 8 MW/min
Old hard coal Minutes
0
0 5 10 15 20 25 30
Example: RWE new build in Hamm (Germany)
Source: RWE.
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Combined-cycle gas turbines offer steep ramp capacities
to cope with volatile wind generation

Comparison of ramp capacities New gas-fired 875 MW plant,
(old CCGT vs. new CCGT) > 58% efficiency for peak times

MW
1,000

Max. cap. ~875 MW
800 Min. cap. ~260 MW?
Max. gradient +/- 38 MW/min
600
400

T

200 Max. cap. ~420 MW
Min. cap. ~168 MW
Max. gradient +/- 10 MW/min
Minutes
0
0 5 10 15 20 25 30

Source: RWE. Example: RWE new build in Lingen (Germany)
1 One turbine gets turned off.
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Nuclear is not only able to provide base load at rather
negligible variable costs, but also high tech in flexibility

Steep ramp rates of nuclear, already used e.g. in Negative hourly power prices are even too
France to ensure system stability, steeper than CCGT low for almost zero variable costs

€/MWh EEX hourly spot market prices
1,400 100
1.200 Nuclear power 0 llllllllllllllmlllllr
Max. cap. ~1,260 MW
Min. cap. ~630 MW -100
1,000 Max. gradient +/- 63 MW/min
-200
800
-300
600
Max. cap. ~875 MW -400
00 Min. cap. ~260 MwW?
4 Max. gradient +/- 38 MW/min ) -500
Minutes
200 -600
0 5 10 15 20 25 30 October 3, 2009 October 4, 2009
A flexible use of 6 GW? of nuclear capacity could avoid waste of resources
and costs in a magnitude of €3 million on just one weekend like the one above

1 One turbine gets turned off.
2 Installed nuclear capacity of RWE in Germany.
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Flexible hard coal vs. big hard coal in a standard scenario

NEW flexible hard coal unit vs. NEW big less flexible hard coal unit

Power generation of plant in MW (right scale) NEW big hard coal unit ramp:
1,100 1,050 MW down to 420 MW
1 ]
1 T 900 NEW flexible hard coal
B === ynit ramp: 800 MW down
W F‘ to 200 MW
y - 700
y - 500
- ||
100 300
- /\/\u /\\/\u /K\/\u Mu ||
50 -— 100 .
— — — — JAN /\ /\ Assumed generation costs
incl. CO,) at €40/MWh
o Hourly EEX spot prices in € MWh (left scale) \/\j 100 ( 2)
Mo Tue Wed Thu Fr Sa Su

> |n a standard spot price environment without negative prices the flexible unit already
obtains about 6% higher returns per MW installed than a new big one.

Source: RWE.
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RWE power plant portfolio — 2008 vs. 2013/14:
Strong investments in “smarter” and “greener” megawatts

Renewables

A
Low 0 g/kWh ®
9
4.5 GW (2013) Nuclear . 0 g/kWh
2 GW
Gas
0 g/kWh 3810ogc/;|§/\\llvh Pump
1.5 GW (2008) 480 g/kWh (2013) storage
7 GW
(2008)
> Hard coal
o = 850 g/kWh
g = 13 GW
j= 8 910 g/kWh (2014)
~ = 14 GW
O Q)
9 (2008)
Lignite
1,180 g/kWh
11 GW
1,270 g/kWh \\‘ (2013)
11 GW
1 (2008)
Smarter —
High | | o
i -
0% 50% 100%
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RWE'’s strategy to fetch flexibility premia is threefold

Gliding, diving and rising

Wi

Ramp capacity CCGT
Lingent?

100%
80%
60%
40%
20%

0%

Net capacity

30 40 50 60
Minutes

0 10 20

Gas capacities offer quick start-up
capabilities. Partial load is expensive.
Gas remains ideal to cover peaks, even
in volatile markets.

Ramp capacity hard-coal
plant Hamm

100%
80%
60%
40%
20%

0%

Net capacity

30 40 50 60
Minutes

0 10 20

New coal capacities can be dispatched with
25% of rated output. The plants can profitably
wait for high prices over a period of temporarily
low demand.

Ramp capacity nuclear, e.g. Biblis,
or new lignite, e.g. Neurath

e AN e

80%
60% N 7

40%
20%
0%

Net capacity

30 40 50 60
Minutes

0 10 20

Although designed for the base-load regime,
nuclear plants and new lignite plants can be
dispatched flexibly, and they can be operated
to provide partial load.

1 Unrestricted start-up concept until 12 hours after shutdown
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Centralised pan-European asset management: moving assets
closer to the market to generate additional margin

Long-term gas
supply contracts Emissions World coal Wholesale
and gas markets trading market power market
V % Industrial, small and medium
é enterprises, municipalities,
f.‘ == residential

Sells power
to retail
markets

Generating companies - RWE Supply & Trading - Retail companies

(RWE Power, :
: _ (RWE Vertrieb,
RIIE MROWER, ESsent) Proprietary Trading RWE npower, Essent)
> Business plan and Proprietary trading activities
. - > Sell to customers
investment decisions Face to the wholesale market > Buy backtoback
> Develop technical y . )
optimisation to increase Sells Buys fuels > Lock in sales margin
asset value power and carbon > Bear volume
i and credit risk
> Operation and —> Asset-Backed Trading >
maintenance of Generation Sells
generation assets capability Commercial optimisation of assets on behalf power
of generating companies
| |

v v

Short-term Balancing and
spot reserve markets
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Conclusion (1)

Power demand will go different ways in Europe. While in Germany demand is expected to reach pre-crisis
levels only in a few years, forecasts for CEE/SEE show earlier and stronger consumption growth

With demand back to “normal”, EU reserve margins in Central Europe will tighten. The lights will not go out as old,
inefficient capacity will be operating longer. But a new gap will arise: the “efficiency gap.” This is because
inefficient power stations with high consumption of fuel and CO,, will be price setters. As a consequence, price
signals for the new build of more efficient power plants are expected

On top of this comes another effect. Due to the increasing share of volatile electricity generation from renewables,
there is a higher demand for flexibility in power generation. Because of the lack of flexibility of the current
European power plant portfolios, more volatile market reactions, e.g. price spikes and negative prices, can be seen

Renewables and new conventional power plants in mature markets like Germany, the UK and the Netherlands will
push mainly old hard coal capacity out of the market which is not efficient and flexible enough to cope with the
new market environment

Only flexible coal and gas power plants (new and retrofitted old) are capable of coping with the new market
environment. They are “smart megawatts.” They are best suited to obtaining high “clean spreads” in times of
volatile spot prices for electricity on the one hand and to avoiding temporarily uncovered costs of operation

on the other hand
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Conclusion (I1)

RWE currently has some 9,000 MW of additional “smart megawatts” under construction to cope
with volatile demand. They can earn a flexibility premium compared to conventional technology

In emerging regions (like CEE and SEE) the main driver is to build the most efficient technology to
operate under an attractive ,price umbrella“ of existing less efficient plants, save CO, costs and
cover growing demand

The new market situation will favour sophisticated asset optimisation (short-term and long-term position
management across NW Europe) to leverage portfolio advantages: It is not enough for “smart megawatts*
to just be there — they also need to be managed and marketed
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