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General project information

Motivation

Grid expansion expenditures 25 Mio. € p.a.
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General project information

SmartPowerFlow

Motivation:
Increasing costs for grid expansion

Acronym ,SmartPowerFlow*:

Optimization of network expansion versus energy
storage at distribution level due to increasing renewable
power flows

Goal: Grid supportive and profit-based battery
application
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Grid supportive and profit-driven battery application

Overvoltage is the main problem caused by decentralised renewable energy systems
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» Reactive power control by the battery at the LV busbar!

SINTEF



Grid supportive and profit-driven battery application

Theoretical weekly income of the SmartPowerFlow battery (200kW/400kWh VRF) at the
German energy marketin 2015
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Grid supportive and market-driven battery application

Combination of primary control reserve and reactive power control

Primary control reserve Reactive power control
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Grid supportive and market-driven battery application (PCR)

Provision of primary control reserve by battery
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Grid supportive and market-driven battery application (PCR)

Operation strategy: field test results
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Grid supportive and cost-reduction battery application

Combination of maximisation of self-consumption and reactive power control

Maximization of self-consumption via an Community
Electricity Storage Reactive power control
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Grid supportive and cost-reduction battery application

Operation strategy: simulation results
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Grid supportive and profit-driven battery application: chash flows

approx. /%
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provision
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Grid supportive and profit-driven battery application: net present value

Net present value [10° EUR]
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Comparison with other flexibility options

Flexibility options analysed

Residential systems

PV without residential storage

Reactive power control
= cosd(P)

= Q)

PV with residential storage (RES)

Active power limitation
» Limit 50 % of nominal PV capacity

Large scale battery
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Primary control reserve (PCR)

Reactive power control
= Q(V)

Community electricity storage (CES)
Reactive power control
= QV)
Active power limitation
= 50 % Limit of nominal battery capacity
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Comparison with other flexibility options

Model region: Distribution grid of Tussenhausen
LV grids named
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Comparison with other flexibility options

Calculation of PV-expansion pathway for Tussenhausen
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Comparison with other flexibility options

Results of technical comparison
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Comparison with other flexibility options

Results of economic comparison
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Conclusion — SmartPowerFlow project

= VRF prototype was developed and implemented in a pilot grid

= Field test: Grid supportive and market-driven battery application is possible

= VRF investment costs must fall by 60 %/ 77% for a profitable business case (PCR/ CES)

= Extra cost burden for providing a grid supportive reactive power control is small (7% PCR/ <1% CES)
= Application of large-scale batteries is economically more reasonable than grid expansion

» Batteries are a technical and economical option in distribution grid planning
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Smart

'q Energy

Outlook — SmartGuide Project

Systems
ERA-Net
* ERA-Net Smart Energy Systems project

e Full title of project: Defining Planning and Operation Guidelines for European
Smart Distribution Systems

* Project partners: SINTEF Energy Research (NO), University of Wuppertal (DE),
Smarter Grid Solutions (UK), INESC Tec (PT), Skagerak Nett (NO)

* Objective in WP3: Develop smart grid planning methods and tools
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Outlook — ongoing project

SINTEF Energy Research

Load profile tool:

Create household customer profiles
based on smart meter data and
adapt it to future technological
changes in, e.g EV, PV, DSR

—— Load with EV —— Load «++=eo Load with PV

University of Wuppertal

Flexiblity options vs. trad. grid
expansion tool:
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Sensitivity Analysis for PCR

Marginal PCR capacity price [EUR/MW]

12000 [
10000
8000
6000
4000 .-_

2000 f

0

mmmmu VRFB: lMqu /2MWh
w1 1B IMW]’LI /2MWh
LiB: 2waq /2MWh i

A Average VRFB invest (2015)
[ ] LiB invest IMqu 2MWh (2015)

@ LiBinvest 2MWpq /2MWh (2015)

T
4
1

~
N

0 500 1000 1500
Specific invest cost for the BSS [EUR/ kWh]

SINTEF



Sensitivity Analysis for CES

CAPEX [EUR/KWHh]
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