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Outline

1 Motivation: Flexibility
- What's the effects of ownership?

2 Methodology: A strategic behaving energy storage
- Complementarity Modeling

3 Case Study: Scarce Production Capacity
- What are the effects of reduced flexibility?

4 Conclusion
- Clear qualitative effects, hard to quantify
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Motivation

* Increasing penetration of renewables, electrical cars
* Buzzwords as SmartGrid, MicroGrids and

Aggregators
* Who controls the flexibility?
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Model

Generating Firm g Energy generated Load shedding TSO
Objective: Max Profit Objective: Min Load
- PC or Cournot Shedding Costs

Energy Market
Objective: Balancing energy

Energy price Energy price

Energy Storrage s
Objective: Max CS
or Profit

Consumers
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Complementarity Modeling

Mixed Complementarity Problems
(MPC)

Mathematical Problem with Equilibrium Constraints

(MPEC)

KKT conditions of constraining problem 1
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Objective function (max or min)

Constraints of objective function

KKT conditions of MCP 1
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Case Study

Scares production capacity
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Results

. 10 e — E T /l T T A0y " I T T
= — PC storage 4 / %
2 / \
e D= — — /
o
“nuy
o /
~
-10 1 i I L L 1 1 1 1 1 1
2 B 6 8 10 12 14 16 18 20 22 24
Hour [h]
§ 30 —PM storage T T T I I I l T
S 20 —PC storage =
.//" | | \_\
gﬂ 10 \
=
8] 0*- 1 1 1 1 1 1 ! | 1 1
2 1 6 8 10 12 14 16 18 20 22 24
Hour [h]

Fremtiden er elektrisk




Statnett

Results

4
7 = ]q T T l T T T T I I T
Without storage
6.5 |- |~ PM storage o i
PC storage [\ /

=)}

o
o

Consumer Surplus [EUR]
i

b=
W

2 4 6 8 10 12 14 16 18 20 22 24
Hour [h]

Fremtiden er elektrisk




Statnett

Discussion and Conclusion

Clear evidence of market distortions due to the strategic behavior of the storage
- Both with and without restriction on production capacity

The magnitude of the distortion is unclear
- Need a more realistic model and input to quantify the effects

Highly relevant in MicroGrids
- Few market participants and potential low flexibility

Conclusion
- Clear qualitative effects, hard to quantify
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Thank you for your attention!

.......

FRGE RER-H
N AN R _»"
-



