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Brief portrait
EnBW Energie Baden-Wurttemberg AG eEnBW

One of the largest energy companies in Germany and Europe

Business segments:
electricity generation and trading, electricity grid and sales,
gas, energy and environmental services

Annual revenue 2011: in excess of € 18 billion
Customers: some 5,5 million

employees: some 20,000

Installed capacity: 13 042 MW thereof 2538 renewable
2 geothermal power plants w




Geothermal power plant in Soultz-sous-Foréts, France
Upper Rhine Valley ——EnkBW

ORC Heat Turbine/Gear box/
Exchanger . Generatorunit |

— .

Cooling tower

Source G.E.ILE, 2010



Geothermal power plant - Soultz-sous-Foréts

French-German consortium (federal agencies, research agencies; industry) — Ean
Thermal capacity Power plant boreholes
25-35 /s ORC power plant EGS-power plant
Flow rate
~ 19 bar 4
175°C Pressure Number of boreholes
Flow temperature
o |Isobutan 3600 m /5100 m /5100 m
70 °C Working fluid
Return flow temperature ° /5260 m ) / ’
" " Depth of GPK1/GPK2/GPK3/GPK4
14 MW Air cooling tower | |
Thermal capacity ~ 21 MW Electric submersible

pump/ lineshaft pump

Gross electrical output
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Kalina pilot plant in Bruchsal

—&nBW

Machinery Water
hall treatment

Building of the
control system

Wet cooling
tower

Salt silo Pump station

Preheater
Evaporator 1

Evaporator 2

Generator
Gear unit

Turbine




Geothermal power plant - Bruchsal

consortium between ewb & EnBW - Ean
Thermal water Power plant boreholes
24 /s Kalina power plant Hydrothermal
Flow rate
i ~ 22 bar 2
120 °C pressure Number of boreholes
Flow temperature !
. Water-ammonia - 1874 m/ - 2542 m
60 C Working fluid Depth of GB|/GB||
Return flow temperature Wet cooling tower . _
_ 55 MW Electric Submersible

Thermal capacity

~ 0.55 MW

Gross electrical output

pump
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Regulation in the European electricity business

eEnBlW
. . security reliability
Inexpensive Adapted optimization \< Adapted development
Customer Environmental
friendly friendly
Non-discrimination >\ Adapted enforcement
secure efficient maintenance efficiency

96/92/EC - Liberalization of electricity and gas markets
Free Choice of electricity supplier
Unbundling of production; transport; distribution; sales/trade
Discrimination free grid access

Network fees are regulated



Electricity trade in the liberalised market

EnBW

Bilateral-/OTC-trade

Individual negotiated contracts, not regulated, only

Exchange trading

Standardized products, lower tran§action costs, few market participants, higher transaction costs,
anonym, lower default risk higher default risk
. Spotmarket : Derivates market
Conclusion of the contract and its fulfilment are close . . .
seaedhen Between conclusion and fulfilment is at least one weak

Hedging transactions

|
v v v v

Physical = electricity delivery

HP . 4 N
Electricity exchange ( Buyerhasanexercise ) [ gyuarand Seller are
standardized products right; Seller is obligated obligated to fulfilment

base-products OTC-trade Q to fulfilment JERN J
peak-products P {} P @ N
hours-products Options ) Forwards
Caps Futures
L Floors ) L Swelnps y
v v <
Exchange e Exchange oTe-
trade trade
trade trade
: (all trade (all trade
(Options] (Futures)
products]) products] )

Source: Konstantin, 2007, S. 42



Electricity trade in the liberalised market

EnBW

Development of the electricity price - theoretical

Electricity prices develop through the equilibrium of
Offered power plant capacity (Merit-Order]
Load demand
Amount offered, price and demand are influenced by different circumstances.
Typically there are hourly price equilibriums identified
- This means 8760 different markets with different influencing factors
The last power plant sets the price

weather
marginal
load |
costs :
Overhaul/Failure
Power plants
amount

Renewable feed-in fuel price CO,-price



Support Systems for renewable energy in Europe
Directive 2009/28/EC eEnBlW

Goals

Reduction of CO, - emissions

Reduction of the dependence on fossil energies

Fulfilment of the individual goals from directive 2009/28/EC
Directive 2009/28/EC guaranties a priority feed-in for Renewables

e[ egal determined feed-in tariff
e Customers are charged for the extra costs

e [ egally determined quota for RES in the elec. production
e Projects are financed through energy price and certificate price

e Tendering for a fixed amount for renewable capacity
e Cheapest project is done

e Tax reduction for renewable energy
e Widely used



Support Systems for renewable energy in Europe

CQuota obligation

Feed-in tariff

Feed-in premium

Other instruments

Bl |

1jThe patternad colours reprasent a combination

of instruments -
2)Investment grants, tax exemptions, and fiscal )
incentives are nat included in this picture e ! \5‘}
unless they serve as the main support d I;_V'P

instrument Sweden

I f ot 4
Denmark £ f
Lithuania
Poland
. Hungary
% Romania
i Il Bulgaria y
Malta e -

Source: Ragwitz et.a L.; 2012; Recent developments of feed-in systems in the EU
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Feed-in tariffs in Europe
for geothermal electricity

30
é 25 _J I
< 20 —
§ 15
W 12 = _

0 | I | I | |
N TR 2N 2N NS (\6
N <<&Q & 0@& K &8
%

Source: Gipe; 2011; Geothermal Feed-in Tarifs Worldwide
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The electricity network

Extra high voltage 380kV / 220kV Integrated European network

" y 220/ 110 kV
power plants > 300 MW industry
20 - 300 MW

110 kV/ MV

AV

|
industry Pw L4

power plants 20 - 300 MW
20 - 300 MW

Middle Voltage 10 - 30 kV

industry & trade F"“‘/H
200 kW - 20 MW

\

residential buildings & small
business
< 50 - 200 kW

power plants 200 kW - 20 MW

Low Voltage 0,4 kV 50 - 2000 kW

£

<50 - 1000 kW

EnBW

Fundamentals of electricity distribution:

P=U*I*\/§*coscp
Py =n+*R *d I

Different losses occur through electricity
transport

Losses of the alternating current (AC)
Losses of the overhead lines
Losses of the wire
Losses of the wire
Ohmic resistance

Limited heat resistance



Load distribution in the network

—&nBW

>Quelle: M.Beer, CO2-Vermeidung in DE, Teil Il ,Umwandlung & Ind., S.17, FfE Minchen, 2009,
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Load and demand in Europe
Country analyses under normal & severe conditionS

no imports required

to maintain demand & reserve
imports required
to maintain demand & reserve on at least one week

imports required
to maintain demand & reserve every week

EnBW

ENTSO-E 2011



Physical power flows in Central - Europe 17.10.2012;
Ve EnBW
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Physical power flows between Germany and
Switzerland 17.10.2012 eEnBlW

2.500

2.000

1.500

MW
€/MWh

1.000 -

500 -

Energy flow GER-CH —Energy price GER/AUT —Energy price Switzerland

Source: entso-e; EEX



Transport capacity - a more and more scare good
Challenges for the network operation in Europe EnBW

Example: TenneT-control zone

: . : Additional wind capacity
Currently there is a high burden through wind energy and

trade flows from Scandinavia Integration of new power plants
6.200 MW transport capacity/ 3.500 MW min. demand Expansion of transport capacity with Scandinavia
Is demanded
Example:
Central Eur'Ope at the 221204, 1730 h, phyS Load fl.OWS Import_/Export balance depend|ng on the
Wind feed-in: 11.461 MW producing wind capacity 2008
Export balance: ca. 6200 MW [GWh] T
5 o
Result: g.
With a growing wind feed-in the electricity is -
pushed in the neighbouring countries 0
Growing stress on the cross-border transfer e
capacit 1O
pacity -5 A Q.
Overloading of the neighbouring networks Ll>j
-10 S Wind power (1/4h-values)

0 5 10 15 Gw 20



Wind energy feed-in in the TenneT-network, Aug. 2010
prognosis and real feed-in eEnBW

prognosis feed-in

Power [MW]




Market reaction strong wind situation 25./26.12.2009:
—E&EnBW

T 60 Load (Sum EHV- of all 4 network operators)
>
3 40 approx. 20 GW wind
§ 20 Wind feed-in at 23:00
o — Germany
£ =
o0

.disposal premium”

for ca. 17 GW in 10 h: .
_t 128 1 EEX-Spotprice approx. 22 Mio € September 2012:
= 0 %@WM%M I 29.6 GW installed
= -50 - | o
@ -100 - -38,01 wind capacity in
2200
= i G
0?__250 ] 0999 ermany

Reduction compared to 23.12.:
T KW-feed-in 6,5 GW or 8,5 GW
30 EEX-notification Germany nuclear/lignite
= 20 _
e
< o M
S 0 | | |
b
0

\0:0 4:00  8:00 12:00 16:00 20:00 /\0:00 4:00  8:00 12:00 16:00 20:00/
Fr. 25.12.2009 Sa. 26.12.2009
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The Challenge
Difference between electricity demand and operating ——&nBu
wind capacity

35000

I storage emptying
storage filling
25000 - ' U : expansion scenario 2030 = 3 times today's wind capacity [MW]

—Demand in 50Hertz-Grid [MW]
20000

Mw
15000

10000

5000

§ MR A

1. Now. 10 4 Nowv. 10 7.Nov. 10 10 Now. 10 13 Nowv. 10 16. Mov. 10 19 Now. 10 22 MNov. 10 25 Nov. 10 28 MNov. 10

y

20000 -
MW
15000 -

10000 -

I German pump storage capacity(~40 GWh)

5000 -

| Pump storage Goldisthal (~8,6 GWh)

0 T T T T T T T T T T T T T T T T T T T T T T T T

L 2 3 4 5 6 7. 8 9. 10. 11. 12 13. 14 15 16 17. 18 19. 20. 21. 22. 23. 24. 25. 26. 27. 28.
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European directives and goals concerning
renewable/geothermal energy sources eEnBW

European directive 2009/28/EC

Article 2a: “energy from renewable sources’ means energy from
renewable non-fossil sources, namely wind, solar, aerothermal,
geothermal, ... ”

Article 2c: “"geothermal energy’ means energy stored in the form of heat
beneath the surface of solid earth;”

5 | 40 12.000
© 20 —_— - 10.000
@ — - 8000  RES-E
E 20 +— - 6000 mRES-H&C
c - 4000 - GEO-E[GWh]
T 10 +— I— I— —_
S j -r 2.000 - GEO-H&C [GWh]
IE; 0 | | 0
% FR | NL GER GWh [Source: EREC 2011
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Geothermal power plants in Germany

-2500 m NN

—&nBW

*existing  *planned
0°C
Neustadt-Glewe
‘ Bremen Berlin
50 OC Hannover . E‘i\t';
' : = _-‘:f | ‘,
agdeburg -
Diisseldorf
- Landau
1 OO - Dresden.
- . Bruchsal
F nkfurtw .
: Soultz-sous-Forets
Mainz : gﬁ“ Niirnberg ? .
120 °C — T _ Y Simbach-Braunau .
i dl ) Av\ . Unterhaching
- :v._. g Stuttgart’ : \\ Inshe|m
(Wirnngy Miinchen d Sauerlach
200 °C | - il Kirchstockach

>I§)Urrnhaar, Taufkirchen

26 |
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Kirchweidach, Traunreuth




Capacity factors for electricity production
Availability of power plants —&nBU

Nuclear
Geothermal
Combined Cycle
Coal

Biomass

IGCC

Wind (onshore] %

Wind (offshore)
Solar Thermal

Photovoltaics

%0
%01 -
%0¢ -
%0€ -
%0% -
%08
%09
%0L
%08
%06

%001

Source: (Tidball, Bluestein, Rodriguez, & Knoke, 2010)
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Future demand for base load power

—&nBW

100 T T T T T T - - I 100 T : I T T | : | ; : i ; ;
lgeothermal Il geothermal
90- lwood/rubbish| ggl llwood/rubbish |
hydro 'hydro
Hhy Mhy
80k [CWind onshoreg| ggll (]Wind onshore |
EWind offshord EWind offshore
70- A [JPhotovoltaik || 7pl [L]IPhotovoltaik |
Bl g J,"J'.l A p|—Load — Load
80 “". =N V) -"‘*,‘;, ‘1“ | ‘; ! 'h——lm—/Fxport —=Im-/Export
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25}09 | 2?}09 r 29}09 o0 03}10 ' 051'10 ' 0?}10 25/09 27109 29/09 01/10 03/10 05/10 07/10
day/month day/month

Source: Nitsch et. al 2012
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29 |

Renewable heat production - the sleeping giant of
climate protection

Ambitious goals for renewable heating in Europe

EnBW

10.2 % of German heat demand (heating; warm water) comes From RES (2011)

In Germany around 90 % of a households energy demand is used for heating

Only 3 renewable Sources

3000

2500

2000

1500

1000

500

Endenergieverbrauch fiir Raumwarme [PJ/a]

18.04.2013

2009

[S]eﬂj ]!SSOj]

[Fossil Fuels ]

RES

178 8
Il —

2010 2015 2020 2025 2030 2040 2050
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[ Electricity (direct &
heating pumps)

B Oil (direct)

W Coal (direct)

B Natural gas (direct)

B District heating
[fossil)

B Biomass (District
heating)

H Biomass (individual)

O Solar thermal(District
heating)

O Solar thermal
(individual)

W Geothermal

Source: Nitsch et. al 2012



Mineralisation of the brine (Bruchsal)

—enBW
123,4 g/l 32,5 g/l 2.4 g/l
100% /
90% - » PO4
80% - NO3
-~ HCO3
70% -
m S04
60% - wCl
50% - " Fe
40% - mK
30% - " Na
"M
20% - 8
W Ca
10% -
0% 1 1
Bruchsal GB | Seewater mineral water
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Scaling - Bruchsal

—&nBW

Source: ewb Bruchsal

311 18.04.2013 EnBW HOL TF | Soren Reith | GEOELEC training course Strasburg



Gas Composition - Bruchsal

—&nBW

Helium
0,01%
Hydrogen
0,08%

Nitrogen
8,90%
/others
1,11%

Methane
1,00%
Carbon Dioxide
89,99%

Argon
0,02%
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Gases in the geothermal brine

—&nBW
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Two Phase Flow: CO, and Aqueous Phase

—&nBW

> Technical measures to prevent precipitations and low efficiency of heat
exchange:

> Pressure maintenance
> Acidifying

> Application of inhibitors

Gas Bypass
Aqueous Phase

PR
// \ to Power Plant
Agueous Phase
[ from Power Plant

Sight Glas

Ascending
Gas Bubbles

Gas Re-Feed 1

CO, & Aqueous Phase CO. & A oh
queous Phase
to Injection Well Shut-off valve 2
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Pumping technologies applied and tested in Soultz

EnBW

Three different kind of pumps are used in the geothermal loop

Line Shaft Pump (LSP]: the hydraulic pump is down-hole, the motor drive is at
surface, connection being done through a line shaft
mechanical risk

Electric Submersible Pump (ESPJ): both electrical motor and pump are down-
hole, the motor drive is fed by a MV cable
electrical risk

Injection pumps : horizontal, multistage high pressure pump (surface
equipment]



Key data LSP - located in well GPK2

EnBW

Design data: N |
Ordered in June 2006 (Manufacturer: IGE Ltd. T,
Initial shaft length of 350 m O i\‘\\

100 A\
Max. volume flow 40 l/s \:‘:\
Surface motor 350 HP, Variable Frequency Drive E - \\l‘\
Lubrication by demineralized tap water g N

400 BN
operation conditions: 500 N N
Initial productivity of GPK2 was 1 |/s/bar 600

—— Décalage GPK2 e Décalage GPK4

Productivity improved during operation time
The LSP is now installed at 270 m depth due to verticality issue
~251/s, ~170 °C and a TDH of 300 - 400 m



Working principle and general configuration of LSP

—&nBW

Shaft Lub string
VHS motor Exhaust pipeJ
i

M
Adaplor
Stuffing box Discharge 1
head \ L
Water level measurement
4 4 X I
-
LH i
(L | Column
™ | |assembly
v | i [
Lo : |
1
l Pump
4]
T I
X )
L = Length of column assembly | Suction L
L, = Water level in reservoir pipe
L, = Water level in well !
L, = Draw down in well TS!lainel
L, = Length of pump |
- Centralizer Teflon
371 Ref: IGE Ldt. Well casing bearin




Working principle and general configuration of LSP

EnBW

riser, enclosing tube, shaft

38 | Installation motor/shaft couplg view at well Hiead/motor



Operating time and maintenance of LSP

EnBW

2008

(]
=
=
[ AT
(]
=
prs
=

2011

2012

[

I=

7]
o
— =
e =)
e
e Bl
=
S e
=
S P
ol
[n3]
_
3_

=

J(A|S|O[N][D|J[F [ M]A
| HERN
250m

m
=
=

J[AIS|IO[N[D|J][FM[AIM[J][J[A[S|O[N][D|J[F M]A[M
| L] L]
270m

LSF

Official start of the plant
Top shaft break due to lub
water : reinstallation at 250m
Reparation of the air cooling
system
Shaft wedged i the Tuhb.
Bearings due to bad quality of]
lubrication water.
Resinstalltion of & new
hydraulic at 250m. Problem
during installation
Powerplant maintenance
Powerplant maintenance: pull
of the pump, check of
hydraulic and reinstallation at
260
Destruction of the hydraulic
part due to cuttings
Reinstallation of new colurnn
and pump at 270m
LSF lub string break

ESP

Geo

OR(

-
£

CETTTTTTTETTECTT T TR T
C._.___! inoperation o i ready-to-operate [ damaged

1 1 1 1 1

350 m 250 m 250 m 260 m 270 m

The LSP pump has been installed/removed 5 times at different depth
~23 month of operation, ~15 to 20 start ups

All installations have been carried out by the GEIE team.

ESP Pulled 12/20




Dismantling one and two due to lubrication problems

—&nBW

> Failure mode
> Shaft wedged in enclosing tube and broke

> Caused by bad quality of lubricant (demineralized tap water]

> Problem solving

> Re-engineer of water treatment plant

40 |



Dismantling due to hydraulic problems

—&nBW

> Failure mode
> Damage of impellers (all stages), bearings, centralizers and enclosing tube
» Caused by abrasion, corrosion, local cavitation?

> Problem solving

> Material selection, adapted operation conditions (to be proven!]
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Design and operation improvements done for the restart
in March 2012 eEnBlW

Test of new bearing material (lub string): Bronze

Increase the number of stages in order to decrease the rotation speed of the
pump = avoid vibration problems

Replacement of damaged parts (hydraulic part, piping)

Adjustment of shaft diameter => reduce sleeve diameter from 47,5 to 47mm

Renew surface connection (shaft/motor coupling)
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Key data ESP - located in well GPK4
EnBW

Design data:
ESP REDA Schlumberger ordered in June 2007
339 kW, max. 40 l/s, min. 20 |/s, total ESP length of 20 meters

Specific high temperature design for brine temperatures of 185 °C; Motor is
cooled by hot geothermal brine why oil temperature can reach up to 260 °C

Noble materials due to specific working conditions

Temperature monitoring along ESP

operation conditions:
Installed at 500 meter depth in GPK4
~251/s, ~170 °C and a TDH of 400 to 600 m




Working principle and general configuration of ESP

| Radial-flow
J| centrifugal pump

Pump

Poseidon
gas-handling

Standard intake/
gas separator

Protector

Pressure sensor

44 |
Ref: Reda/Schlumberger



Operating time of ESP

EnBW

2008 2009 2010 2011 2012
MIJ|J[A[S|O|N|ID]J|FIMIAM|J|JIA[S|O|N|D|JJ|FIMAMJIJ|JIA|/S|IO|N|D|J|FIMIAMJ|J|A|S|O|N|DJJ|FIM|AIM
| [ ANENERRNEN HEEEEEEENEERENENEREEEN HEEE |11 []]
350m 250m 250m 260m 270m
= = =
= ™ = = ] o =
£ g = s x5 | |3 .5 S
Az o o = = _cu-g =4 =1} = = 8o o %
=3 ] O m = = = 25 z 25 = =22 s x
@ = = = T2 oo g T T D ® == = =
= = o b c B B 2 E S5 w5 2
tsp| |Z o= 2 £ ST:TER |5 2L £3Cw £
s b= =2 F=S553% |E Egs g =o5 2 =
= =g B = Fur=09 |z EEoH 2o S E -
" £ E g " mg_gﬁwg = = B om 52 = o =
= Zs £ FLE225 | 20 Te=s o
= [T | Emgmg—g g o =35 Et\sfﬂ% Wl
= o = w = £ @ g TE ® o= 2
5 g2 g 55 2| |8 258 s
T2 o s F £ S &
ESP ESP Pulled 12/20
Geo
ord X1~ RN PETTTTET TR T T T

________________

C._.___! inoperation : i ready-to-operate [ damaged

The ESP was installed from November 2008 to December 2011

10 month of operation, 12 start ups

Operation outside operating range, as GPK4 is no good producer

Tear down analysis is still in progress




Injection pumps

EnBW

Injection pumps were used in 2008, 2009 and beginning of 2010 to re-inject
the brine into GPK3

Since 2010, trial of a new strategy without reinjection pump

Today brine is re-injected in GPK3 (deep reservoir) and GPK1 (upper reservoir)
without pumps

System is working

Temperature decrease of ~7 °C
due to new concept

<4— Profondeur vraie (km)

-25 -2 -1.5 -1 -0.5 0 0.5
Nord (km) =



Comparison ORC and Kalina

—&nBW
ORC Kalina
Commercial available Currently only few power plants
Organic, pure fluid as working fluid Zeotropic mixture of Ammonia/water

|lsotherm evaporation and as working fluid

condensation non.- isotherm evaporation and

Higher exergetic loss condensation

Better adaption of the cycle to the

Less complex, no separators heat source

Separators necessary

Experience: operation is manageable

Engineering and design seems to be
challeging

Source G.E.I.E, 2010
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Outlook: Research in the field of deep geothermal

energy

Environmental influences
noise

Natural radioactivity

Optical influences

Quelle: AGW am KIT

EnBW

Power plant technology
corrosion
scaling
Aqueous chemistry
Plant operation

etc.

Reservoir
> Reservoir management
seismicity

Hydraulic behaviour of
bore holes

etc.
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