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A METHODOLOGY TO INTEGRATE DISTRIBUTION GRID EFFECTS
AND DISTRIBUTED FLEXIBLE TECHNOLOGIES INTO MODEL-
BASED SYSTEM ANALYSIS OF ELECTRICITY MARKETS

L Motivation _____________

» Increasing share of fluctuating renewable energy resources (especially wind & > Integrating distribution grid expansion into model-based
pv) leads to high amplitudes and gradients of residual loads and hence to more system analysis

requirements for flexible technologies 5 - . . . .
q & Generation Grid& Demand somge  Powerwx  » Holistic analysis of flexible technologies on the transmission and
Fenmee | e | distribution grid level

hydraulic storage

““““““““““ » Determining a cost efficient combination for the electricity

transmission grid bulk storage
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specific costs for distributed 7777777 =
flexible options

Stochastic European Electricity Market Model (E2M2s)

» stochastic mixed integer linear electricity market model

»investments in power plants, storages, other flexibility options and grids during
simultaneous modelling of power plant operation

» myopic optimization of power plant planning and investments on yearly basis with time
resolution of up to 8760 hours

Distribution-Network-Assessment-Tool (DNA-Tool)

»simulation of distribution grid expansion
requirements

»the average amount of exceedance of the
voltage range and current rating, as well

Simulation of the
distribution grid:
- 2 *Topology
as the length of the line expansion in the |EIEUN

»inter-temporal power plant restrictions, optimal provision of reserve capacity, DC- region in every network level, can be g:ma"dlgs"s“’ﬁ
Loadflow, consideration of environmental concerns like CO2-emission simulated.
— »high voltage grids with attached medium .
Model Structure Multiregional Approach 9 9e g - . Calculation of the load
B and low voltage grids are simulated for flow:
L ARSI o] o A - regional resolution of Europe every region «Voltage
i > data of energy demand, power plant and renewable s o
> meet electricity and heat M
e ] feed-in available for every transmission node »>in every simulation run, the topology of Current
Minimising > provide reserve capacity > Ws—rteglion—model atpufhfhd 'gr ?ebrm(aﬂv vork and the grid, the electricity demand/supply Iteration of
4 non-spinni > spatial assignment of the distribution network an B . — N : :
Whole System (spinning and non-spinning) decentralised generation to transmission nodes and the necessary line expansion are Derivation of results: simulation (Monte
e range /current rating
p——— e R e L »>to reduce the dependence on a specific «Necessary line
g »maximum change rate of topology, several runs are executed expansion

costs
> ramp-up costs
» annuity of

capacity
»ramp-up time

(Monte-Carlo simulation).

> minimum operating hours and Generationcaacty (. wind, water

investments : :
> fix investment Eelicdlofinactiity orblomass) Saving resultsof one
il » characteristic diagram for CHP et simulation run

plants Load
> capacity balance during

maximum load

» Feed in obligation for
renewable resources

> flexibility options (DSM,
Curtailment...)

> storages

> CO2-emission

Node

Transformer Calculating averaged
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Modelling Results

Bal . N . L . » gas power plants and CCS become major technologies in the German
600 alance of Utilization of Flexible Technologies Costs for Distribution Grid Line .
Exchanges Expansion power plant mix due to strict CO, reduction targets

DSM Shedd . . . o .
= Hydro Pump redding > importance and utilization of flexible technologies increase with
Storage mL [ 1YY mHY :
—Photovoltaic higher renewable share, especially storage, DSM and Power-To-Heat
» flexible technologies can help to reduce costs for distribution grid
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