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Reactive power has to be more flexible in the

future

Reactive power supply: conventional and flexible scenario

Transmission
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110 kV
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Medium / low
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Conventional supply
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Flexible distribution grid
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decreases

2025

2035

Reactive power supply

= Conventional supply through large
power plants and compensators

= Availability in the transmission grid

= Supply can be replaced by RES in
the distribution grid

— Flexible reactive power
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Currently, reactive power remuneration does
not incentivize flexibly supply
EE? -

Usage and remuneration of reactive power in Germany

Remuneration

Reactive power tariffs exist in the form of penalties for excessive reactive Voltage Fontrol
power consumption and bilateral contracts. Reactive power flows along a voltage

differential
Conventional power plants
E = Bilateral contracts for
reactive power
Interface TSO / DSO

Voltage increase through feed-in of
» Reactive power tariffs

inductive reactive power
I = No incentive for flexibility

Voltage decrease through feed-in of
11.0 kv . P
grid ‘L
Renewable Energy Sources

capacitive reactive power
8 = Obligatory provision

Transmission
grid

Compensation of transmission equipment

= Transmission lines show a reactive power
behavior dependent on their load

— 380 kV line
= = 380 kV cable
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Reactive power consumption of customers

» Which are the benefits from a flexible supply and how can it be remunerated?

Medium /

LA Final customers
low voltage ‘ 'g' = Reactive power tariffs

= No incentive for flexibility

grid
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Model developed in order to assess the
benefits of flexible reactive power

Simplified model formulation of ELMOD AC and ELMOD LinAC

Target function:

Thermal limit:
Voltage range TS:
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. Non-linearities
Reactive power:
Geng = Demg
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Model applied to 110 kV grid set based on

OSM data and other public sources

Data set for grid model

OSM data

= Substations
380/220/ 110 kV

= Electricity lines
380/220/110kV

v

= Nodes with
generation and
demand

= Auxiliary nodes

= Lines start / end,
technical
parameters
updated with TSO
static grid models

= Transformers
380 /110 kv
220/ 110 kV
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Power plants / RES
Attribution to nodes

= Plants: based on
addresses and
coordinates

= RES: based on OSM
data / RES database

Load

= Attribution based on
GDP and population of
surrounding area

Nodes: ~5700
Lines: ~6500
Substations: ~370
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Availability and usage of reactive power
depends on grid situation

Potentials estimated with ELMOD LinAC and usage calculated with ELMOD AC
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= Large potentials from 110 kV grid
= Potential mostly capacitive due to inductive load
= Usage of inductive potential due to loaded grid

= Small potentials from 110 kV grid (conv. plants)
= Potential inductive due to inductive MV behavior
= Usage of capacitive potential due to idle grid

Results
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Reactive power supply from decentralized
sources can save operational cost

Annual savings potential in operational cost through decentralized reactive power sources, in mio. EUR

2014

40 A
35
30
25
20
15 A
10 ~
5 -

9,3

1,8
4,4
e L

Cost savings potential [mio. EUR]

0

Status Quo

= Certain cost saving

Results

potential already in the
status quo
= Savings potential mainly

from loss reductions

22.09.2017

2025

40 A
35

31,2

30
25

20

14,8

15 A

10 ~ 19,9

5,6

Full grid Delayed grid
extension extension

= |ncreasing savings potential in
delayed grid scenario

= Large savings in redispatch

» Significance of reactive power
concept increases with delays in grid
extension
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2035

40,3

40 A

36,3

35

301 26,8
25

20

15 A
10 ~

14.0 16,4
5 7 8,6

Full grid Delayed grid  Green -
extension extension no lignite

Higher saving potential when grid extension
is delayed, especially in combination with
lignite phase-out

Savings in redispatch and curtailment

- Losses DS - Losses TS - Curtailment Redispatch
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High savings potential in situations with a
low residual load

Comparison of reactive power and savings potential per grid situation
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Reactive power potential Cost savings potential
[Mvar] [EUR/h]
w5 23000 w5 20000
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= 30% = 30%
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10% e 10% 2500
0% 5000 0% 0
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Vertical load Vertical load
= Highest potential between 20% and 40% wind feed-in = Moderate savings potential in areas of low and medium wind feed-in
= Potential around 0% wind feed-in results from conventional power as well as medium and high load
plantsin the 110 kV grid = largest savings potential at high wind feed-in and low load
= Above 50% wind feed-in reduced potential due to congestions and = Due to low residual load, only a few conventional power plants are
reaching of voltage limits dispatched
= Wind turbines provide a sufficient reactive power potential
Which situations lead to a high need for reactive power from the distribution grid?
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Only a small share of potential reactive power
sources has to be made available
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Reactive power control ranges and cost savings under different shares of wind power inclusion
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- System cost reductions
show limited growth

- 72% of cost reductions
achieved with a 20%
share of wind power

System cost reduction
[mio. EUR p.a.]

plants

100%

0.9
0 T T T T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Share of wind power plants with reactive power control
How many reactive power sources should be made available?
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Alternative remuneration mechanisms could
leverage reactive power flexibilities
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Alternative remuneration concepts for reactive power

Market-based Regulatory

Prices are an outcome of an open competition between Reactive power obligations and / or tariff
suppliers and demander(s), regulation only determines calculations fixed on a regulatory basis
the framework

Bilateral agreement Obligatory provision
Long-term tenders? Regulated tariffs!
Nodal / zonal spot markets Voltage-based premium

> * * *
* * * *
* * *

* * *

Constitution of short-term markets for reactive DSOs and large customers can choose

power similar to electricity markets between active and passive participation

Zonal or nodal market design due to the the local Active participants receive a premium for conform
nature of reactive power and pay a penalty for non-conform behavior

TSO could act as auctioneer in a monopsonic Scheme for active participants:

market environment to cover system requirements U

Volatile sources can bid based on their actual *

ti - conform, non-conform,
reactive power potentia .
P P premium penalty
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non-conform, conform,
penalty premium

Qcap Qindr

1) For reactive power reserve or dispatch 2) Only for reserve premium or for reserve premium and dispatch prices
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Conclusions

Benefits

Remuneration

22.09.2017

Additional reactive power mostly required in
low residual load situations

Flexible reactive power from 110 kV RES can
reduce operational cost up to 40 mio. EUR,
especially if grid extension is delayed

Large part of savings can be generated with a
small amount of sources

Current mechanisms not sufficient to
incentivize flexibility

Regulatory or market-based concepts exist
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