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ABSTRACT This paper describes the concept for the integyatinls.

Scenarios for possible transition paths for thergne
infrastructure of a Dutch residential area are psejl. The
approach for the economic optimization and technica
feasibility study of the electricity infrastructuref the
residential area is explained in more detail.

Energy systems have technical, economical and Isocia
dimensions. Thorough transition studies requirédegral
approach, dealing with all these aspects. In order
facilitate the studies and accelerate the transitio a
renewable energy system, new integrating tooledan a
;nultlo!lsmplmary approach, W|I_I be deyeloped. Thiper CONCEPT INTEGRATING TOOLS
escribes the concept for the integrating tools.

Figure 1 gives a schematic overview of the diffepamts of

INTRODUCTION the integrating tools and their connections.

The future energy infrastructure will have to bieab take- Scenarios Futie Qectcly damend

. . . P:ITcz"g‘izlernment ;—> Extent of sustainability L
in large quantities of renewable energy, whethgdacale Technicl possiltes Rt

or distributed generation. These sources are ctegized 1

by a high degree of unpredictability. This migheate Fronie genersior,
severe problems and challenges for the electragisfem (irioen ot gene e Teiues
and it can hamper the diffusion of renewable energy P

technologies. There are several options to prewes)tiike I

adding stable compensating sources or by influgncin
consumer behaviour. With current analytical apphesat
is not possible to show the effects on complex
infrastructures like energy systems, which areciéfé by

New gas network

New electricity network

the availability of energy sources and technicabjmlities, T

and are subject to the behaviour of several staller® pete [t T
(government, regulators, network companies, custgmg l

with different goals. Behaviour does play a sigmfit role S | (31 By
[1] and may be sensitive to incentives (e.g. stubsidn Steady sate Steady state

investments [2]). Therefore an integral approachhining
technical, economic and social aspects, has tebaaped
and tested in laboratory and real-life experiments. Transiont state Transiont stte
Within the Dutch EOS-LT research program a prageset
up to deal with these issues. The problem statesaihat
is the effect of distributed generation on the tmgsand —— R
future energy system (gas + electricity + heatd, lsow can Optmizaion enterion Lol gy ste
experiments be selected and designed to accelérate ‘
transition to a renewable energy system? The caadbin !
technical, economical and social expertise of tt@egt Incentves Soctal layer
consortium (TU/e, KEMA, Alliander, Gasunie, CPB,A)}v
will develop new integrating tools for this.
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Figure 1. Scheme of concept integrating tools
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The integrating framework includes two detailechtecal
models (gas and electricity), an economic-techmuadiel
and a social layer, connected to each other through
scenarios.

In the scenarios possible transition paths willdeéined
taking into account customer needs, the policy haf t
government, technical possibilities, which all haheir
impact on future energy demands, extent of sudiditya
future network structure and production possileiti

The economic tool (economic-technical model) penfoan
economic optimization taking into account technical
constraints and environmental conditions. The dlgbal
of the optimization criterion encloses the paréegoals of
the different stakeholders. Later on the effectpadsible
incentives on the stakeholders’ behaviour willtoelied by
means of laboratory experiments (e.g. [2]) as thase
crucial for attaining the economic optimum.

The detailed technical models simulate the inftestre
(gas and electricity) of a typical Dutch resideintizea.
They investigate if problems arise (when? whera?he
gas and electricity networks (capacity problenwation of
technical requirements,...) for different scenaroprofile
generator is built to transform scenario data aleztricity
and gas demand and supply profiles. Investmensibes
about the network infrastructure are taken by ttomemic-
technical model, whereas the technical feasibifighecked
in the detailed technical models.

SCENARIOS - PATHWAYS FOR TRANSITIONS

Assumptions

The test area is a hypothetical but represent@wteh
residential area, with 180 houses, 3 flats, 1 schod 1
shopping centre. The years 2020, 2030 and 205@keea
as reference for the future situation. It is assiithat the
electricity demand will increase. Besides an autemas
increase (0 — 2% per year), plug-in vehicles mag k& an
additional electricity demand. Insulating housdeas$ the
heat demand. Due to the global warming the heabddm
will decrease (0 — 2% per year) and the coolingatehwill
increase. Assumptions about extension and renovafio
the area within the time span are made.

Configurations and implementation scenarios

Table 1 shows a set of 6 configurations that wil b
analysed: reference (current situation), micro/mini
combined heat and power (CHP), gas heat pump (l8R-ga
electrical heat pump (HP-e), central CHP in thédesial
area (CHP centr.) and solar boiler (SB). They are
distinguished by the way the needs for heat, etitgtifor
apparatus, tap water, cooking, cooling and stoaagenet:
gas (G), centrally or decentralised produced etatti(E),
heat (H).

For each configuration additional options are ciersed
such as photovoltaic, urban wind, solar boiler,ggiu
vehicle.
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Table 1 Set of configurations, distinguished by the weey t
energy needs are met

Config. | Heat | Electr.| Tap | Cook | Cool | Storage

Ref. G E G E G E, G H, E
centr.

w-CHP| G |Edec| G G E,G H, E

(mini)

HP-gas G E G G G H, E
centr.

HP-e E E E E E H, E
centr.

CHP H E H E E H

centr. centr.

SB SB E SB E E H

(50%) centr.

For the different configurations and their additiboptions
implementation scenarios are defined concerning
introduction time, penetration degree and sprea the
area. The implementation scenarios may influenee th
electricity and gas demand.

Finally successions of configuration options wildoupled

to transition paths [3-6].

ELECTRICITY INFRASTRUCTURE:
OPTIMIZATION AND FEASIBILITY STUDY

Approach

The economic optimization of the infrastructure is
performed by the economic tool, taking into account
technical constraints and environmental conditibis.an
efficient solution of the complex optimization ptein
(convergence after a limited number of iterationsah
economically optimal solution that meets the techhi
requirements), the economic tool (optimizer) mugtanly
take into account economical data, but the mosbitapt
technical constraints as well. Therefore an econemi
technical model is developed to be included in the
optimization tool. The optimization results in an
economically optimized network meeting the most
important technical constraints. The remaining mécdl
constraints have to be checked by a detailed aigtr
model. If this model detects remaining technicalgems,
possible solutions have to be proposed, togethértiveir
costs. The economic tool chooses the best alteenati
may decide to allow minor problems at a penalty.

Figure 2 clarifies the approach of the technicabt@ints in
the economic-technical and electricity models. Besithe
level of technical detail, the models differ in &mnit and
time horizon.

Compared to existing integrated economic-technical
approaches [7-8], this approach includes more Idetai
additional technologies and extensive reliabilitglgsis. In
the future, expansions will be made in severaldives
(technologies, area extension, stochastic model,...).



CIRED 20t International Conference on Electricity Distribution Prague, 8-11 June 2009

Paper 0189

Electricity model Economic-technical model

find such operational and
investment decisions

short circuit current power flow

with bounded voltage drops
and bounded currents

voltages

harmonics

currents

with a simple network
topology

detailed
network topology

load profile

that costs are minimal

Figure 2. Technical constraints considered in the eletyrici

and the economic-technical models.

Optimization criterion

The energy demand in the considered area must basme

cheaply as possible, taking into account technarad

environmental constraints (e.g. reduction ob@@issions).
Initially, the supply of a given load at least ciststudied,

where future costs are converted to their presahteg.
Subsequently, this model will be refined, possibtjuding

an optimal amount of lost load in cases where tstscof

meeting that demand is higher than the associaréfits
(the value of lost load).

All costs during the considered time span have @0 b
minimized: investment costs, operational and makentee
costs of network infrastructure and distributedegators,

fuel costs, price of electricity obtained from uppmgid,

costs of CQemissions as well as any costs of electricity not

supplied.

Characteristics of the electricity infrastructure

The current electricity infrastructure of the tesea is a

radial low voltage (LV) network, connected to thepear

grid by a 630 kVA 10kV/400V transformer, with ca0 4

households per feeder (cables: Al, 953nm

For the future situation, a new infrastructure hase
designed, depending on changing energy needsabilisjl
of new techniques and the policy of the government.

Considered problems of the DNO planner

Table 2 shows the problems of the DNO plannergsdoy
priority to be solved. Network losses are an ecdnaim
problem and are handled during investment decisions

Table 2 Problems DNO planner

Problem Limits/standards

Overload of network Loading > 100%
component
(transformer, cable)

Voltage characteristics EN50160, Dutch net code

Short circuit currents Calculated according to |EQ®BD
Emission harmonic IEC61000-3-2, IEC61000-3-12,
currents IEC61000-3-4

Network losses Economical assessment

costs)

(investment costs vs. operational
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Economic-technical model

The economic-technical optimization will be perfaun
using a simulation package: GAMS [9]. As noted ahov
this will include the most important technical ctramts.
Also, a simplified network will be used. The teatadi
equations will be validated by simulations in DIGENT-
PowerFactory [10].

Electricity model

The goal of the electricity model (implemented gsin

DIgSILENT-PowerFactory) is to detect possible peshé

in the electricity distribution network by introdag new

technologies. A limited number of load types wik b

defined (classified according to voltage dependgmayer

pick-up, harmonics, flicker), including look up tab with

current harmonics as a function of voltage. Thetalgty

network of the test area will be simulated, in dieatate

and transient modes.

The input of the electricity model consists of

- 5 minute power profiles of loads and generatosJipged
by the profile generator, taking into account epeeeds
for heat, apparatus, tap water, ..., weather condifio
house characteristics like insulation, ...)

- The penetration of new technologies (introductieary
spread over the area, evolution of penetrationetggr

- Increase/decrease of loads as a function of tirag &iso
be influenced by new technologies)

- Investment decisions

From the electricity model an overview of possible

problems is obtained: type of problem, locationtle

network and time of occurrence.

A preliminary study has been performed [11] where
combined heat and power (CHP), photovoltaic (PYgyw
and storage devices (BES) were introduced; designell
that yearly energy demand and supply match aslglase
possible in a residential area. In this study abtat
operational approach of a self-supporting residétiea
the reverse power flow, voltage levels, systemdsssable
and transformer loads were assessed.

Figure 3 shows an example of voltage levels fdiedit
seasons and scenarios (average and extreme cosdiio
supply and demand).
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Figure 3. Voltage levels at the end-node of a cable. (The
lines represent the range of all simulated value$e
minute-mean-voltage levels throughout a week. Theb

represent the mean value + standard deviation]) [11
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The introduction of distributed generation increasgtage
level but it stays within +/- 10% of the nominalltame,

complying with the Dutch net code or EN50160 stadda

BES converges voltage levels. In scenarios witheggn
excess electricity (overload scenario in Januady/Aspril),
BES fails to reduce higher voltage levels.

In general, from the preliminary study it could lbarned
that the effects of distributed generation in therletwork
are promising, though the load flow calculationplyna
need for peak load shaving. The storage devicezsded
in minimizing the reverse power flow and transgostes,
however storage losses have counter-balanceddutsain
transport losses. In scenarios that have to dehalgeineral
excess power, storage devices are mostly fullyggthand
fail to supply peak load shaving, i.e. limiting tage peaks
and transformer loads. This indicates the needricextra
control system.

In the next stage in the development of the detaile
electricity model, storage devices with voltage and

frequency droop control possibilities will be implented.

CONCLUSIONS

Thorough transition studies of energy systems regam
integral approach, dealing with technical, econaingnd
social aspects. Within the Dutch EOS-LT progranogegat

is set up to develop new integrating tools basedaon

multidisciplinary approach by a consortium (TU/&MA,
Alliander, Gasunie, CPB, UvA) with combined teclatjc
economical and social expertise. As a result offitss
project stage a concept design is made for anritieg
simulation tool. Scenarios for possible transitaths for
the energy infrastructure of a Dutch residentiaaaare
defined. From a preliminary study it could be lestthat
the effects of distributed generation in the LVwatk are
promising, though control systems supporting pexd |
shaving may be needed.

In the next project stage the integrating tool$ beél further
implemented, including the modelling of gas infrastures.
Subsequently the tools will be validated by perfioign
simulations and real life experiments in a residgiarea.
The development of integrating tools based on
multidisciplinary approach will make it possiblertmnitor
and evaluate the behaviour and response of aetpasding
new systems and they will enable to judge if tieiw 8ystem
is a step towards a more sustainable energy system.
The integrating tools will be useful for distribomi network
planners (confronted with uncertainties about tathre
energy supply and demand as well as the futureofaiee
grids, different life cycles of network components).
Furthermore the project will provide policy makevih
insights how to support the transition process.

CIRED2009 Session 5

Paper No 0189

a

REFERENCES

[1]

(2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]
[11]

G.A. Bloemhof, F. Combrink, P.T.M. Vaessen, Z00
“Simulation in the energy-infrastructure; FLEXNET,
flexible approach”Proceedings ISAGA\ijmegen,
The Netherlands

R. Aalbers, E. van der Heijden, J. Potters,vBn
Soest, H. Vollebergh, 2009, “Technology adoption
subsidies: an experiment with manager&hergy
Economicsforthcoming

G.J.P. Verbong, F.W. Geels, 2008, "Pathways for
sustainability transitions in the electricity secto
Multi-level analysis and empirical illustration”,
Proceedings Next Generation Infrastructure
Conference ‘Building networks for a brighter future
Rotterdam, The Netherlands

G. Arts, W. Dicke and L. Hancher (eds.), 2008ew
Perspectives on Investment in Infrastructures”,
Amsterdam, The Netherlands

Platform Duurzame energievoorziening, Platform
Nieuw Gas, 2007, “Naar een duurzame elektriciteits-
voorziening. Aandachtsgebied decentrale infra-
structuur”, Den Haag, The Netherlands
(http://www.senternovem.nl/energietransitiedev/
documentatie/index.akp

The Dutch Taskforce ‘Energietransitie’, 2008]&er
met Energie! Kansen voor Nederland”, Den Haag, The
Netherlands

W. El-Khattam, Y.G. Hegazy and M.M.A. Salama,
2005, “An integrated distributed generation
optimization model for distribution system planriing
IEEE Transactions on Power Syster#8(2), 1158-
1165

S. McCusker and B.F. Hobbs, 2003, “A nested
Benders decomposition approach to locating
distributed generation in a multi-area power system
Networks and Spatial Economj& 197-223
http://www.gams.com

http://www.digsilent.de

M. Mes, G.M.A. Vanalme, J.M.A. Myrzik, M.
Bongaerts, G.J.P. Verbong, W.L. Kling, 2008,
"Implementation of Distributed Generation in the
Dutch LV Network — Self-Supporting Residential
Area",Proceedings$nternational Universities Power
Engineering Conferenc®adova, Italy




