Renewable energy and grids
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Electricity generation in Germany by source (2019): RES at ~40% of consumption
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Challenges

* Not enough or too much power

* Congestions

* Legacy grid topography

Typical availability (load factor)

Conventional technologies (nuclear, coal, gas) 0.85
Wind onshore 0.2
Wind offshore 0.4
Solar 0.1

Electricity: Generation capacity by energy sourcein each federal state

1.068 MW
5.581 MW -
2.453 MW
9.049 MW
‘ 854 MW
1.956 MW
v 5703 MW
‘ 217 MW
-
1.541 MW
3 318 MW
-
‘ 10.653 MW
' 2213 MW
o _ 182mw
\ / 2371 Mw 5.662 MW
AD IS MW : 11.474 MW
28.888 MW 8.422 MW v
6.139 MW
1.948 MW 3.756 MW ‘
12.425 MW () >
gl e 3.469 MW
Yo
J Nicht emeuerbare Energietrager
2121 MW 4.633 MW Kermenergie
‘v B Brzunkohie
\ ; Bl Stenkoble
6.375 MW Erdgas
2176 MW B Mineraldiprodukte
Pumpspeicher
Sonstige Energietriger
e o — - e St
\
19.666 MW
11.879 MW
- ad
o Emeuerbare Energietrager
9.353 MW
Windenergie (an Land)
B Windenergie (auf See)
Solare
Strahlungsenergie
Biomasse
0 50 100 B Laufwasser

I km
Datenbasis. Kraftwerksliste Stand Oktober 2019
Quellennachweis: © GeoBasis-DE / BKG 2019

=l Sonstige Energietrager
(emeuerbar)



Solutions

e Adjusting RES development to grid conditions

* More grids, more interconnections

e Grid upgrades

* Increasing flexibility of non-RES supply and demand
 Sector coupling

* Storage



Adjusting RES: location restrictions and hybrid plants

Electricity: status of BBPLG expansion projects
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More grids

40 percent of Germanys electricity is generated by renewable energy sources
Renewable energy share of German gross electricity generation 2000-2019
Source: AGEB [ *including biogenic waste
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Total minute reserve tendered in the control areas of 50Hertz, Amprion,

TransnetBW and TenneT

(MW)

Grid control cooperation
scheme founded
comprising 50Hertz,

Integration of Amprion
control area in scheme

EnBW and TenneT
3,437
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2009-2012: vRES production increased by 59% while balancing energy demand dropped by 37%



Grid upgrades

Increased physical capacity

Increased regulatory capacity
(congestion management rules)

TS-DS interaction

Smart grids
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Flexibility of conventional technologies

Minimum power Ramp rate :
Technology (% of rated power) (% of ratgd power per | Hot start-up time (h)
minute)
Nuclear 50% 2% 24
Coal 30% 6% 3
Natural gas — CCGT 30% 8% 2
Natural gas — OCGT 20% 20% 0.16

Sources: (Gagné, 2014; Gonzalez-Salazar et al., 2018)




Carbon intensity (gCO2 eqg/kWh)
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Flexibility of demand (demand response)
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Sector coupling (electrification)

* Transport
* Residential heating
* Industrial heating

* Long-distance energy transportation
(syngas, hydrogen)



Storage

Description

Use Cases!!
Transmission Wholesale Commercial Commercial Residential
Wholesale & Distribution (PV + S) (Standalone) (PV + 8) (PV + 8)

Demand
Response—
Wholesale

Energy
Arbitrage

Frequency
Regulation

Wholesale

Resource
Adequacy

Spinning/
Non-Spinning
Reserves

Distribution
Deferral

Transmission
Deferral

Demand
Response—
Utility
Bill
Management

Backup
Power

Customer

Manages high wholesale price or emergency conditions on the
grid by calling on users to reduce or shift electricity demand

Storage of inexpensive electricity to sell later at higher prices
(only evaluated in the context of a wholesale market)

Provides immediate (four-second) power to maintain
generation-load balance and prevent frequency fluctuations

Provides capacity to meet generation requirements at peak
loading

Maintains electricity output during unexpected contingency
events (e.g., outages) immediately (spinning reserve) or within
a short period of time (non-spinning reserve)

v

\

v v v

AN

Provides extra capacity to meet projected load growth for the
purpose of delaying, reducing or avoiding distribution system
investment

Provides extra capacity to meet projected load growth for the
purpose of delaying, reducing or avoiding transmission system
investment

Manages high wholesale price or emergency conditions on the
grid by calling on users to reduce or shift electricity demand

Allows reduction of demand charge using battery discharge
and the daily storage of electricity for use when time of use
rates are highest

Provides backup power for use by Residential and
Commercial customers during grid outages

LAZARD Source: Lazard and Roland Berger.

Renrazents the universe of ootential reveniie streams available to the varaous ugse cases Does not reoresaent the use cazes analvzed in the Valiie Snanshots



Storage

* Variety of tech: pumped hydro, battery, flow battery, capacitor,
flywheel, hydrogen, compressed air, gravitational

* What we look at:
* Power and capacity (MW and MWh)
* Levelized costs of storage (€/MWh)
* Operating costs
* Round-trip efficiency
* Construction time
 Cycle life (cycles before capacity falls below 80%)
* Space requirements and weight (power or energy per unit of mass or volume)
* Depth of discharge
* Level of technology maturity



