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Location of Lower Saxony (Niedersachsen), Germany

efzn Source: Wikipedia

Energie-Forschungszentrum 4
Niedersachsen



EFZN - Joint Energy Research Centre of Lower Saxony

o9

5 cooperating iz ocoeeune
universities: -
» Oldenburg i
 Hannover

* Braunschweig
* Clausthal

« Gottingen

&KB} TU Clausthal

GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

| Main building in Goslar




Energy scenarios

All results related to the energy scenarios are part of two consecutive

scientific reports performed by the efzn, the CUTEC Institute and other
partners on behalf of the Ministry of Environment, Energy and Climate
Protection of the German federal state of Lower Saxony:

M. Faulstich, H.-P. Beck, C. v. Haaren, J. Kuck, M. Rode et al.:
Scenarios for energy supply In Lower Saxony in the year 2050
(Szenarien zur Energieversorgung in Niedersachsen im Jahr 2050), 2016.

M. Faulstich, H.-P. Beck, R. Brendel, R. Hanke-Rauschenbach, J. Ahmels
et al.:
Scenarios for energy supply in Lower Saxony in the year 2050.
Additional report with higher temporal resolution of scenarios
(Szenarien zur Energieversorgung in Niedersachsen im Jahr 2050:
Zusatzgutachten zeitlich héher aufgeloste Szenarien), 2016.

Available at (in German):
http://www.umwelt.niedersachsen.de/themen/energie/rundertisch/gutachte
n_energieszenarien_2050/runder-tisch-142928.html
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Energy scenarios — a system-wide approach

Scenario design: 100% renewable energy sources (RES)

Climate and Environment

TN

Cross-sectoral approach

Electricity Heating Transportation Industry
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Energy scenarios — methodology: Backcasting

* Goal: CO, reduction of 80 % (1990) in 2050 and determination of
corresponding power plant fleet in 2050

« Backward projection for the years 2040, 2030, 2020 and today based
on the yearly goals for CO, emissions and the corresponding energy
production units (fossil and renewable)

today 2020 2030 2040 2050
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Energy scenarios — methodology: Solidarity approach

« German State of Lower Saxony: 7.8 million inhabitants

 Solidarity: 10.7 million inhabitants (mean German population
density)

« Additional supply of metropolitan areas outside Lower Saxony (+38%)

Import of goods

Energy export
——
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Energy scenarios — methodology: Space-based
approach

* Fossil / nuclear fuels: Centralised generation, high energy density

* Renewable energies:
Decentralised generation,
low energy density

« Technology-specific space
requirements and energy
harvest (MWh/km?2/a)

¢ Windertrag (100m)
[MWh/ha*a]
851 - 872
I 726 - 850
I 602 -725
I 475 - 601
I 354 -477
B 229 - 353

N
A 012525 50 75 100

o™ ™ s = e [T S T

Total area: 47.610 km?2
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Energy scenarios — methodology: Dynamic energy
system model ,Renewable Lower Saxony“ (ReLoS)

———
&g —

E
Wind energy

- N
Hz ) \ :
H,-Storage Fossil prod.

CHP: Combined heat and
power generation

Fossil sources
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Energy scenarios — methodology: Major assumptions

» Growth:
+ 0,7% p.a.

» Degression:
o, 12% until
Population 2050

Economy

» Heating demand - 59%

» All electricity applications - 27% L Decrease of

» Mobile applications - 47% demand: 48%
(88% electric traction)

178 TWh/a

» Onshore

20 GW Self supply
+ 7 GW Solidarity

» Offshore (54 GW in DE)

5 GW Self supply Photovoltaic
+ 2 GW Solidarity

E?E:‘ =
erzn
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» Photovoltaic

93 GW Self supply
+ 36 GW Solidarity




Energy scenarios — results: Space requirements 2050

2012 2050

PV roof areas 5% self supply

+ 2% solidarity

(building and open space)

3,3% self supply
+ 1,3% solidarity

PV open space
(agricultural land)

Wind onshore
(total land area)

1,5% self supply
+ 0,6% solidarity

Wind offshore

0,006%* 1,07% self supply

(total land area)

*offshore area translated to land area
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Energy scenarios — results: Energy savings and

measures
Electricity applications
350 - * Reduced electricity demand
. * More efficient consumers
100% Y9
300 - %
255 o Building heat consumptions
» Extensive building refurbishment
S 200 * More efficient water heating
=
F 150 ) ge
100% Process heat applications
100 - * Reduced process heat demand
62% = Low-loss electrical heating
50 4 [100%
53°/ ° ° °
0 i Mobile applications

= Extensive electrification
= Reduced fuel demand

2012 2020 2030 2040 2050
Status Goal

Year
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Energy scenarios — results: Energy generation and
resulting GHG emissions

350 140 S
© ol 0 Fossil & nuclear
g 300 - 120 energy sources
|— N\ N
c S
= ©
O 8
° =
Q. 200 -
g =
2z o
g 150 - ON
; o Photovoltaic
> 100 -
= :
v Wind (on- &
= 30 4 offshore)
c
=

O I T

2012 2020 2030 2040 2050 —— - m
Status Goal

Year

GHG: Greenhouse gas, RES: renewable energy sources
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Energy scenarios — results: Storage capacity and power
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w

 Installation of electrolysis capacity necessary after 2020
(avoidance of curtailment of wind turbines)

 Installation of large H, storage capacity necessary only after 2040

« Time advance necessary to install long-term storage capacities
I
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Energy scenarios — results: Summary

* Renewable Energies have a high space requirement

e Consequently, due to the limited energy input, enormous energy
savings are essential on the consumption side to implement a 100%

RES cross-sectoral energy system

* The biggest levers are electrification of transportation (excl. air and
sea transport) and energetic modernisation of buildings

* At the same time, enormous storage capacities have to be installed
to balance energy demand and supply

For the hybrid systems during the transition phase,
an analysis of spinning conventional power plant’s operational

flexibility for frequency control provision is conducted.
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Frequency stabilisation — challenges

* Scope limited to frequency control
» Ex-ante capacity reservation decision

* Ex-post analysis of capacity reservation decision and power plant
operation

* Operational flexibility: Is the power plant flexible enough to offer
frequency control? Is the power plant’s cost structure appropriate?

* Market: Does the market remunerate operational flexibility?

efzn
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Frequency stabilisation — methodology

* Opportunity costs approach, improvement of the state-of-the-art
calculation from the operational flexibility point of view

— Part load efficiency
— Increased lifetime consumption and related maintenance costs

— Program unit sizes (e.qg., a week) differ from the electricity spot
market program unit size (typically an hour)

* Ex-ante analysis: Perfect price foresight assumption

* Frequency control market parametric model

efzn
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Frequency stabilisation — methodology: Parametric

model

efzn
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Description

Possible values

Exemplary value

Program
unit size

Minimuim
bid size
Full
activation

time

Peak and
off-peak
product

Symmetrical
product

Duration for which the service
needs to be made available

Minimum capacity to be bid in the
market

Duration within which the full
committed capacity needs to be

provided

Peak and off-peak products
correspond to a high and low tariff

period differentiation

The service can be either symmetric,

(positive and negative control is
required) or not symmetric (positive
orfand negative).

Year, month, week,
day, block of hours
etc.

Typically between 1
and 5 MW

Typically  between
30s and 15 minutes

Any high vs low tariff
differentiation

Symmetric or non-
symmetric

Week

SMW

5 minutes

The peak product is
between 8:00 and
20:00 for weekdays.
The rest is off-peak.

Non-symmetric

21



Frequency stabilisation — exemplary results
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capacity costs in €/MW and hour

[.
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day-ahead electricity prices in €/MWh

opportunity costs in €/MW and hour
..
L d

5 10 15 20 25 30 35 40 45 50 55 60 65 70

day-ahead electricity prices in €/MWh

4 SRL_pos_dyn = MRL_pos_dyn a4 SRL_neg_dyn = MRL_neg_dyn
x MRL_pos ® SRL_pos e SRL_neg x MRL_neg

Opportunity costs in dependence of electricity spot prices

SRL: Secondary control, MRL: Minute control, neg: Negative, pos: Positive control, dyn: Dynamic calculation
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Frequency stabilisation — exemplary results
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Frequency stabilisation — exemplary results
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Frequency stabilisation — results: Summary

* Dynamic effects such as part load efficiency or ramping costs have a
notable impact on opportunity costs

* The power plant’s flexibility parameters have a significant
importance to the ex-ante incentive to reserve capacity for
frequency control, primarily driven by the servable capacity

* Methodology allows the assessment of power plant’s flexibility for
frequency control
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Relevance for India

IEA Flexible | CEA Technical
Operation N ELLETH

National Electricity Policy

g — 5 % spinning reserve
R £ - Overallavailability of installed
: capacity of 85 %
L o Contl Bectricy autbory Y « Ancillary Services Operation
X . - Regulations, 2015
=« CEA’s technical standards do not = — Regulatory Framework
comply with flexibility U — Frequency Level Balancing
c
* Many Indian power plants operate < + Operational market for automatic
even below these standards generation control by 2022
e Generation and transmission * 40 % RES by 2030 in India: Aligned
systems in transition in most with German, European and global
countries targets
.E . |n]clfr)dia: Shift fror(;].regional (Sjelf_'d n
v cullicencytoward integrated or =

+Solidarity approach allows for
transferability

» Space-based approach allows for
RES: renewable energy sources transferability
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Conclusions

Energy scenarios for pathways Frequency stabilisation in hybrid
towards a 100% renewable system systems

— Capacity reservation for frequency
stabilisation

— Opportunity costs including
flexibility costs

— System-wide approach
— Space-based approach
— Solidarity approach

4

— Market development for ancillary services,
need for flexibility

— Transitioning energy system

— Renewable targets

Knowledge and technology transfer between Germany and
India to contribute to grid stability in renewable systems

Indian context
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Energy scenarios — a system-wide approach

100
% »100 % RES-Scenario“: 87,%
80
70

) i
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GHG-Emission reduction in % of 1990

20 -
-7 _ - - ¥ calculated acc. to IPCC approved methodology

10 P

0 r = - T T T T T

1990 2000 2010 2020 2030 2040

Year
< Reduction goals for Federal State # Reduction goals for Federal
Lower Saxony (recommendation) Republic of Germany
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Energy scenarios — results: Space-based energy revenue
2050

Run-of-river Heat pumps
P o P Solar thermal
0.1% 13,4% 0,3%
23,9 TWh 15249
0,1 TWh 0.6 TWh

Deep geothermal

. 1,4%
Photovoltaics 2.4 TWh
37,2%
66,4 TWh .
Biomass total
17,1%
30,6 TWh

Fossil and nuclear
energy sources

0,0%

Wind (on- und offshore)

30,5% Total final energy consumption: 127 TWh
54,6 TWh
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Opportunity costs calculations

In-merit

. (EP()-c, () Apos
i y

pos

vt | EP(t)=cy(t)

¢i(D)=0 vt | EP()=c,(t)
State of the art

¢ (t) _ EP(t)4 pos -F. }; Q] f(P(t) +4 pos) n
pos
(P (D) + 05 ) HFPD) f(p (D) ) +em(p (D)
A 0S8
vt EP()>c,(t) ’

Dynam Lic(t)=o vt | EP(t)=c,(t)
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Out-of-merit

(0=, (O-EP(O) T2
pos

VU] EP(<cy(0)

xmin+Aneg
ci(O=(e,(O-EP() ——

neg

vt | EP(ty<c,(t)

_FPOAS(p(©0)+cn(p(0)- EP-p()
A

vt | EP(t)y<cy(0)
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