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THE PROGRESS OF RENEWABLES IN GERMANY - ,}-...
A QUESTION OF OBIJECTIVITY AND CONVICTION gautics

2005 2011

Dr. Angela
Merkel

As Environment Minister

As Chancellor of Germany As Chancellor of Germany

(visiting a nuclear power plant)

"Merkel warns against high “We can accomplish - as the first industrial
Statements  “Sun, water or wind will expectations regarding RES. country - the transition towards the electricity
regarding in the long run not be She.do.es not consider it of the future. It is a herculean task. It is a
capable of providing realistic that the share of composite work of many. Together we can
Renewables han 4% of electricity produced by RES achieve a gradually increasing share of RES

more? _an °0 ou: will move from currently of about 80% in total power demand
electricity demand. 10% towards 20% till 2020 till 2050.
SOURCE: Newspaper ad from June 1993 SOURCE: Newspaper Stiddeutsche Zeitung SOURCE: Newspaper Stiddeutsche Zeitung 09.07.2011:
(Werbeanzeige der Stromwirtschaft vom 09.06.2005: “Merkel wants to stop nuclear “Die Atomkanzlerin erkldrt ihren Ausstieg” und
1.1.1993) phaseout” Rede vom Neujahrsempfang des BEE 2015
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DEVELOPMENT OF RENEWABLES IN GERMANY d
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Today:
(early 2017)

Wind: 50GW
PV: 41 GW
Biomass: 8 GW

Min. Demand:
32 GW

@® Wwind  Solar @ Biomass

SOURCE: 50Hertz, Amprion, TenneT, Transnet BW, Google Earth




POWER GENERATION IN GERMANY
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Power generation from different energy sources on Sunday, 11.05.2014
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SOURCE: EEX, ISE Fraunhofer, own diagram, last downloaded on 04.08.2014
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LONG TERM OBJECTIVES A~
OF THE GERMAN ENERGY TRANSITION

Efficiency Greenhouse Gas Emissions
enewanies

* -50% primary energy e 80% min. * -95% emissions
consumption till 2050 share in gross till 2050

- o d to 1990
e -25% gross electricity eIectr|C|ty e )
consumption till 2050 consumption

till 2050
(2017: 32% )

- ./\
AN

o
i

SOURCE: Erster Monitoring-Bericht BMWi, own diagram, last downloaded on 20.10.2014




\
7|~

energynautics
solutions for a sustainable development

Comparison EU-India
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INTERNATIONAL WIND PENETRATION LEVEL -—

inable development

Approximate wind energy penetration in the countries
with the greatest installed wind power capacity

EUROPE
40% -+

35% -
30%

25% -

20% A

v

PLAN 2030
PLAN 2022

15% -

*
Based on government targets

10% -

Estimated Wind Generation as a Proportion

of Electricity Consumption

B Approximate Incremental Wind Penetration,
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SOURCE: Berkeley Lab estimates based on data from Navigant, EIA and elsewhere




IN 2022 INDIA WILL BE SIMILARTO /\i___

CONTINENTAL EU TODAY 2040 energynautics
Total Net Generation
today 2022
Continental EU India
K 2016
"
L DS l
2612 TWh 1231 TWh | 2371 Twh* | 4773 TWh*

Share of generation by Wind + PV

Continental EU today India 5016 5022 5040
¢,
& Lo LT
12.42% about 5% 12.2%** 25%**

% Government Ambitious Scenario % excl. CSP




SPEED OF PV DEVELOPMENT )i""'

GERMANY/ITALY VERSUS TARGETS IN INDIA capautics
— ]
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THE MAIN CHALLENGE: HIGH PEAK PENETRATION
RULE OF THUMB: The Power System
Hourly peak penetration can be 4 times as average peak penetration Design and

Operation must
be adjusted to

Example Germany toda India 2022 _= cope with
g Y Y 5 extrem situations!

today \ 2022 \
Estimated Hourl Regional hourl
Average Wind+PV  Peak Hourly Wind+PV . ¥ &l u_ v
Penetrati Penetrati Peak Penetration Peak Penetration
enetration enetration from Wind+PV will > 100%
- & b
. l‘"ﬂ
18,5 % Around 70 % 40-50 % > At least 100 %
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Power System Aspects
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WHAT ARE THE ISSUES: THE POWER SYSTEM ,}-...
WAS DESIGNED FOR AGGREGATION OF CUSTOMERS capautics

Stochastic Load Events Are Aggregated

2 Households 5 Households 20 Households 100 Households
£ 2 2 2
o © o ©
T M T ©
5 8 g | S |
0 Time of day 0 Time of day 0 Time of day 0 Time of day
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AGGREGATION OF WIND POWER (SECONDS) 4
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ADVANTAGE OF DISTRIBUTED GENERATION
VERSUS LARGE OFFSHORE WIND FARMS
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Large VRE Power
Plants will have
a Higher Impact
on Power System

Balancing
than Distributed
Generation
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PV POWER SYSTEM IMPACT, CALIFORNIA -—
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Mt load - March 31
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Key Issues Integrating

Variable Renewable Energy
Into Power Systems
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ISSUES POTENTIALLY INFLUENCED ,‘i-....
BY WIND AND SOLAR POWER capautics

able develop:

Wind + Solar Power

. L. Possible Impact on Some Impacts
Characteristic P P )
are not Unique
_ to Wind/PV!!

Power source « Variability of Wind/PV * Reserve requirements

* Forecast / * Balance management

* FRT capability » e LVRT, L/HFRT, virtual inertia
Technology * Output control capability

« Inertia support capability * May impact frequency and voltage stability

* Power converter
(Distributed) Interconnection characteristics
* Protection settings /

* Additional generation ° System adequacy
Power System capacity (location, size and .S ity of |
speed of construction) / e e ]

e Power quality
* Fault level

18
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THE POWER SYSTEM WILL GET MORE COMPLEX gyﬁtcs

Source: Wired




KEY ISSUES TO ENABLE A SECURE POWER

SYSTEM OPERATION WITH HIGH SHARES OF RES:

TRANSMISSION UPGRADE AND STORAGE

\
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The power
system must

be adjusted to
the needs of the
new generation
location




KEY ISSUES: DISTRIBUTED GENERATION
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Windkraftanlage Biogasarlagen

* Reverse Power Flow
* Voltage Control

* Protection upgrade
40 GW Distributed
Rooftop PV planned in
India




KEY ISSUES: POWER SYSTEM BALANCING
AND VRE FORECASTING

Texas Power System, (installed wind capacity 10,500 MW)

Wind Power Output (MW)

A

+ 3,039 MW in 1 hour
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Forecasting
systems

are needed

to better

handle large
VRE fluctuations
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" RR/ 7|

7B
22




\
KEY ISSUES: GENERATION FLEXIBILTY <
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High wind production "
. over Christmas holidays 1 ! ! I Biomass B I Hard Colal Bl Gas Conventlonal d
: : " |mmm Nuclear B Wind B Hydro generator nee
. |mmm Brown Coal [ Solar 3 Other to become

more flexible

Generation [GW]

Nuclear ramping
down during
times with high
wind contributions

0
Dec 14 2014 Dec 16 2014 Dec 18 2014 Dec 20 2014

Dec 22 2014 Dec 24 2014 Dec 26 2014 Dec 28 2014

SOURCE: based on statistics from EEX and ENTSO-E




KEY ISSUES: GRID CODE AND ANCILLARY SERVICES ,‘i-...
EXAMPLE: THE 50.2 HZ PROBLEM IN GERMANY capautics

Several thousand megawatts of installed renewable
capacity disconnect at unfavorable frequency thresholds

Frequency threshold for disconnection

53.0 1 " Biogas

52.0 mWind power

51.5 _ﬁ _ mSmall hydro power (<1 MW)
=1 Photovoltaic

1.0 - — mSmall hydro power (1-10 MW)

50.5 _];* E——— m Combined Heat & Power

50.3

50.2 |

49.7

49.5 _! .|

49.0 1

48.0

47.5 e

47.0 | | | | | |
0 10,000 20,000 30,000 40,000 50,000 60,000

as of end 2010
SOURCE: EEG-registry of TSOs (1997-2008) and Federal Netzwork Agency (2009-2010)

MW

Grid Code development is an

ongoing issue — Signficant onging
learning process around the world

The Challenge: Think about
the possible requirements
in 15-20 years!
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KEY ISSUES: ADJUSTMENT OF REGULATIONS,
EXAMPLE ANCILLARY SERVICES

Wind Power Plant with Delta Contral combined with

Superimposed Balance Control
200

160

120 va\vJJ ' v Y/ Power capability
l Actual power
. P

\)/‘M -15 MW v
+40 MW
-15 MW '

0 30 60
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0

90
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Ancillary Services
with VRE

must enabled
by regulations

25




KEY ISSUES: SIMULATION MODEL VALIDATION
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———— installation

Measurements

Testbed or single unit

Aggregated installation

(VRE power plant) B —

1]
~HLLT

dood

System
operator

Topology
data

Model validation
is needed
to deal with

Measurements

10.000s of
generation units

a) Model Certificate:
Accuracy of model

b) Type Certificate:
Generator type is grid
code compliant.

¢) Project Certificate:
Installation is grid code
compliant.




KEY ISSUES: GENERATION MODELLING
AND POWER SYSTEM SIMULATION

Frequency (Hz)

60.1

599 |
508 | — No Wind
— 10% Wind

50.7 | — 20% Wind

596 1

59.5 1

59.4 | 1
0 5 10 15 20 25 30 35 40

Time (seconds)
Source: GE/Nick Miller
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Modelling and
simulations
are needed to

develop a power
system with high
security of supply
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KEY ISSUES: OPEN SOURCE MODELLING epe‘rgynaz_tics
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*  Community of energy modellers from universities and research institutions;

Open Source Modelling for Power System Planning, Short Term and Long Term Scenarios can

® . ..increases transparency, reproducibility and credibility, which lead to better research
and policy advice (no more “black boxes’)

® ...isessential given increasing complexity of the energy system
® . ..canimprove research quality

® ... reduces duplication of effort and frees time to develop new ideas

e .. allows easier international collaboration

Source: Dr. Tom Brown, Open Modelling Initiative 28
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KEY ISSUES WEDNESDAY, THURSDAY, FRIDAY, .
06 SEPTEMBER 2017 07 SEPTEMBER 2017 EPTEMBER 2017 —egunautics
\

2 8 8
g e 3 g
1 Registration process I Session 5A: 58: Long Term SESSION 5C: é 9A: Open Session 98:
8 8  Storage Issues Scenario Planning  Power System & Source Demand Side Ancnlfarv H
L L] Aspects (2 Evaluation Management  Services with TI m eta b I e
e “S 9 Conference
S reommmc .

4 SESSION 1: GRID INTEGRATION OF RE — CHALLENGES, O n Re G rl d
- ROADMAP AND PROGRESS 2 4
i & g Integration
S. Tea/coffee served in the room during the session ! 6C: Grid |

§ B’alancmg & Forecasting Integration E Grid Codes  Smart Grid and Dynamic I d .

ol Imbalance Methods and Experience and = = VPPs System n l a

Handling Applications - | Tools Modelling

2 SESSION 2: POLICY, MARKET AND REGULATORY
A INTERVENTIONS e S
] n S
) @ ]
2 13:30-14:15 T 7 il 1A:  SESSION 11B:  SES
ﬁ Lunch Break 3 of Power Forecasting Regula mry S Grid Code Hybrid Systems Wind /PV

= Generation&  Methods and Issues = Certification System

Storage Applications - Il Modelling

g SESSION 3: TECHNICAL PERSPECTIVE IN SYSTEM
= OPERATION: INTERNATIONAL EXPERIENCE g §
| -
ﬂ 16:10 - 16:25 Tea / Coffee Break ! 8A:VRE in 8B: Short Term  8C: Markets & é SESSION 12:
= ] Distribution Economic Ancillary ™ Closing Session — Panel Discussion

L Networks Modelling Services A
g 18:00 — 19:00 POSTER SESSION
1
:,3, SESSION 4: MINISTER’S WELCOME / DISCUSSION
= SESSION / DAY'S ROUNDUP
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GRID INTEGRATION OF VRE IS A COMPLEX TASK, BUT Bkjgunavtics
e Grid Integration of High Shares of Renewables can be done — Next Step is
and it must be done successfully to fight global warming Electromobility

* To be successful, everyone needs to do its homework,
Governments, Regulators, Technology Provider, developers
and particular Transmission and Distribution Companies

e This Conference can be an important step to understand the
issues and develop solutions — and learn from each other

e Finally: Grid Integration of VRE is just the beginning,
to reduce global warming, Next Step is Electromobility
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