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Executive Summary

The European electricity sector is changing rapidly. A quick rise of variable renewable energy such as
wind and solar in several EU countries, the emergence of decentral electricity production, and
improved possibilities for storage and dem and-side management that are currently under development
can be seen as important successes of EU and Member State energy policies.

However, these positive developments do not come without new challenges. Incorporating the

increased amount of intermitten t renewable energy requires more flexibility in the electricity system as

a whole. Such flexibility can be offered by existing fossil capacity , in particular gas turbines, as well as

by new options such as demand side management and storage. At the same ti me, we see that t he rise

of renewables together with other current market developments such as low coal prices and a

malfunctioning ETS has resulted in gas capacity being far less profitable and therefore being

O6mot hball edd, wit h Irrenssysten bseaxesuit.i This gogr investment kliematecfar

conventional capacity has led in turn to a policy reaction in several Member States to introduce

6capacity mechani smsdé that provide incentives .to power

Capacity mechanisms are just one of many options to increase the flexibility of a power system. ltis
currently debated to what extent interventions are already needed in The Netherlands. This report
therefore examines in more detail what the specific r equirements for increasing flexibility in the Dutch
electricity sector are and when they might emerge . It also examines the specific options available to
policy makers to increase flexibility in case that an intervention would be needed.

Research objectiv es

As a contribution to the above discussion, and in context of the ongoing market trends, this report
examines the flexibility needs and options for the Netherlands. The aim of this study is to give an
insight in:

1. The specific Dutch flexibility requirem  ents
What is the specific situation of the electricity sector in the Netherlands and what are
balancing and flexibility needs now and up to 20 23, taking into account Dutch policy objectives
and developments abroad?

2. Flexibility options available to the Net  herlands
Which technical and regulatory balancing and flexibility options are available to the
Netherlands, and which are their specific benefits and limitations?

Flexibility definition and scope

Flexibility in this report is defined as:

0 FIl e x i b présses the ertent to which a power system can increase/decrease electricity

production or consumption in response to variability o]
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In this report, we distinguish three simplified timescales of flexibility:

Type of flexibility Timescale Corresponding ma rket
Short-term < 15 minutes Balancing
Mid-term Day Intraday/ day-ahead
Long-term Weeks/season Future contracts

The following research scope was defined:

Geographical: The Netherlands are the geographical focus point of this research project. As the Dutch
electricity market is part of a wider European electricity market (e.g. the Central West region)

flexibility needs cannot be examined without establishing the links to neighbouring countries, these will
be also examined. The influence of developments in Germany, but also in Belgium, Great -Britain,
Denmark and Norway will be accounted for in the study.

Timeframe: The primary time horizon of the project is that of the Dutch Energieakkoord, i.e. from
2013 to 2023. An outlook will be given to the situat ion until 2030.

Central and decentral power generation:  Focus of this report is on flexibility as an issue for a
regulated, national grid within the interconnected European grid system. Central and decentral power
generation are examined as giving rise to flexibility issues for such a grid. Decoupling of decentral grids
and future possibilities for stand -alone local power generation are not considered.

Method and limitations

The flexibility needs and options in the Dutch power system have been examined by way of literature
study and interviews. Also, an indicative modelling exercise of flexibility needs and options in the
Netherlands was carried out.

The outcomes of the study have been prepared with great care, but should be also regarded within the
uncertainties and limitations that apply due to the research method applied and the unpredictability of
future developments in the electricity sector:

First, in this study current developments have been extrapolated for the coming ten years taking
currently announced policies as a basis (Energieakkoord) That is considered feasible, because the
period in the future is limited and will be determined for a substantial part by current developments.

On the other hand, the electricity market is facing lar ge challenges and major changes. Large utilities
are struggling to remain profitable, whereas local actors are increasingly exploring the possibilities to
produce and trade their own power. At the same time the European electricity markets are increasingly
integrat ed, with more and more influence of neighbouring countries on national markets.  This might
lead to more rapid systemic changes than foreseen in this study.

Second, focus of this study is on technical flexibility of the system, and the prevention of syste m
blackouts. The availability and cost -efficiency of various options for flexibility has been examined, as
well as specific merits and limitations of application of each of these options for the Netherlands, but a

full -fledged cost benefit analysis of all options was not possible within the context of this study.
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Conclusions
With regard to the flexibility needs of the Dutch power system

The Energieakkoord RES targets of 2023 can most probably be realised without investments in

additional flexibility beyon d those already planned.

Our analysis showsthat the existing potential flexibility in the Netherlands & p o we r isselativélye m
diverse and high in comparison to neighbouring countries. A well-developed electricity market, a high
share of CCGT and CHPRplants, and interconnection capacity provide for a relatively flexible power

system compared to neighbouring countries . Also, existing total generation capacity compared to

demand is relatively high; such that at present a substantial overcapacity exists. Technical availability

of gas turbines and interconnection capacity in the Netherlands compared to peak demand will remain
good in the years to come, although profit margins of gas -fired assets are under pressure and some
plants are currently ¢ losed or mothballed. The low profit margins also threaten the replacement of

many CHP plantsthat are approaching their technical lifetime. With limited percentages of renewables

to be implemented in the Netherlands compared to surrounding countries in an Energieakkoo rd scenario
and i mproved predictability of wind and solar supply,
capacity to be implemented for flexibility reasons in the Netherlands  until 2023.

A need for additional flexibility due to increasing RES pe netration may emerge after 2030, timely
anticipation could reduce flexibility costs.

A combination of increasing shares of RES and decreasing conventional capacity will cause a need for
additional flexibility at some point in the future. The overcapacityi  n The Netherlands is expected to
remain until around 2030, although reliable long -term predictions for the fast -changing electricity
sector are difficult . Timely anticipati ng the future flexibility needs could reduce costs. Some flexibility
options have long lead times, sotimely investments could prevent a last -minute resort to more
expensive solutions. Rapidly increasing system costs for integrating the variable renewables also form a
powerful driver to have a critical look at  the organisation of the syst em, in order to minimise these
additional costs as much as possible.

A main systemic uncertainty is the degree to which decentral (household) electricity generation

and penetration of electric vehicles will develop.

Unforeseen developments could speed up the need for additional flexibility , such as an unexpected
further boom of local renewables or an increase in electricity demand due to fast penetration of
electric vehicles in the market . The evolving role of decentralised power generation and demand
management in the market will require a fundamental rethinking of basic design principles of the
electricity system to include bottom -up considerations next to the traditional top -down orientation of
dispatch of central generation capacity. This includes quest ions such as to what degree decentral
generation can compete on a level playing field with large -scale generation in central dispatch, to what
extent decentral generation could be aggregated and used for flexibility purposes on a central level and
what would be consequences for the distribution grids.

t
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With regard to the flexibility options of the Dutch power system

There is a wide variety of flexibility options available for the Netherlands, which can be roughly

divided into regulatory and investment -based options.

A more flexible power system can be attained on one hand by investments in specific options in supply,
demand, storage or the network, and on the other hand by regulatory interventions such as capacity
mechanisms, RES curtailment, and market coupling. As such, there are many technical options as well
as a broad policy portfolio available to increase flexibility in the power system.

Innovative flexibility options such as storage and smart -grid enabled demand-side management
that will enter the e lectricity market in the future will require further technical improvements

and cost reductions to be able to compete with existing flexibility options.

With increasing percentages of variable power, innovative flexibility options will enter the electricit y
market at some point in the future. Regulation therefore should make sure that there is equal access
and a level playing field for all existing and innovative options alike. However, the exact moment of
entry of these innovative options, either before or  after 2030, will depend on further technological
innovations and cost reductions that will make them able to compete with, and substitute the existing
flexibility options.

Improving market access and RES curtailment are regulatory options that can be us ed relatively
easily on a national level, whereas improving market coupling can serve on an international level

to increase flexibility of the Dutch electricity system.

Improving market access of households and other small-scale customers, as well as other fine-tuning
options such as further increasing transparency and near -real time trade, can contribute to a higher
flexibility of the electricity system in the Netherlands. In case of unforeseen supply peaks that require
swift action, curtailment of renewab le energy can also be used as arelatively cheap and easy
emergency option for system flexibility. Further improvement of coupling of European short -, medium -
and long term markets increases size and diversity of the market area and as such contribute s

substantially to improving flexibility in  The Netherlands and its neighbouring countries .

The need for capacity mechanisms as a regulatory option for the Netherlands has not been
demonstrated and its introduction could also entail substantial risks for furth er development of
low -carbon options in the future

Whereas several neighbouring countries of the Netherlands already have introduced capacity
mechanisms to increase flexibility in the electricity sector, its need for introduction in the Netherlands

is not evident. Moreover, opinions of stakeholders in the Netherlands on this issue vary widely. Whilst
providing a possible benefit for flexibility, this regulatory option also entails substantial risks for the
electricity sector. These include a potential overs timulation of conventional generation options - which
interferes with emission reduction and RES objectives of the EU and the Netherlands &and barriers to
the development of innovative flexibility options that could better prosper in an energy  -only market .

No 6silver bulletd exists -basedueptonofimgrogingblexibilityof i nvest ment
conventional plants, smarter demand response, interconnections and storage.

Each of these four different categories of investment -based flexibility options examined has its own

general and specific benefits and costs for The Netherlands associated. A proper evaluation of their

relative economics would require modelling capabilities that are not yet available in the market. In

general, more innovative solutio ns like most storage options are still too expensive to compete in
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electricity markets . Increasing interconnection capacity makes economic sense, even regardless of the
flexibility issue . Power-to-heat and demand response are expected to become important s ources for
flexibility soon With an equal regulatory access assured, private and public (in the case of grids)
investors will have to evaluate technical specifications, social and political acceptance and investment
and operational costs to make the case for their specific option considered.

Recommendations for further research and policy

Research recommendations

Modelling capacity for analysing flexibility needs and options needs to be improved.

Capacities of present state -of-the-art electricity sector mo dels have shown to be too limited in this
research project to model flexibility needs and options in a credible way.  Improvements are needed to
include the low- and medium- voltage networks (decentral) next to high -voltage grids, revenues on all
electricit y markets from futures to near -real time and strategic market behaviour of actors.

The consequences of the emergence of decentral generation should be further examined.

The emergence of decentral power generation might have important and so far largely u nknown
consequences for the organisation of the electricity system, including profound impacts on current
business models of incumbent parties in the electricity sector, technical impacts on the system as well
as socio-economic consequences for end-users. These need to be examined in more detail.

Policy recommendations

Assure equal market access for all options to short -, medium - and long -term flexibility markets
Basis for good functioning flexibility markets is a level playing field for all demand -, storage- and
supply-side options alike. Make therefore sure that demand -reduction by small and large end -users as
well as storage are valued on an equal basis to supply-side options on balancing, intra - and day-ahead
markets.

Stimulate further integration of E uropean electricity markets on all time -scales

Although one European electricity market should be realised by 2014, in practice many detailed
regulatory differences still exist between national balancing -, intra -day and day-ahead markets.
Improved coordination via e.g. the Pentalateral forum could help to remove these barriers. Also, best

practices of the Pentalateral forum could be communicated to other Member States and vice versa.

Stimulate the further development of additional flexibility options that can contribute to meet
future flexibility needs also in other EU Member States

Innovative flexibility options need to be further developed in order to be able to compete with existing
flexibility options in the future. In the Netherlands there is a large variety of research ongoing in this
field that can be further supported in order to develop increased flexibility for the future domestic

electricity market as well as new export opportunities.

10
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Glossary

Balancing
CAES
CCGT
CHP

CRM
Curtailment
CWE
Decentral

Demand Response

Dispatchable generation
DSM

DSO
Emergency capacity

Flexibility

Interm ittent

Investment-based flexibility
options

Non-dispatchable

generation
PLEXOS

Primary reserve
PRP

Ramping

Regulating capacity
Regulatory flexibility
options

RES

Reserve capacity

Reserve margin

Residual load

Secondary reserve

Restoring system frequency

Compressed air energy storage

Combined Cycle Gas Turbine

Combined heat and power plant (cogeneration)

Capacity Remuneration Mechanisms

The practice of turning off wind and/or solar power generation
Central West European Regin

Non-centralised/local

End-use customers reducing their use of electricity in response to
power grid needs

Power plants with manageable output

Demand Side Management

Distribution System Operator (responsible for the low and medium
voltage grid)

Procured by TenneT for tertiary reserve

The extent to which a power system can increase/decrease
electricity production or consumption in response to variability

Or variable as used by the IEA. The word stresses the fluctuating
character of the power output (due to meteorological conditions)
Require financial investments either in supply, demand, storage or
the network

Power producers that cannot be managed as desired. Non-
dispatchable producers can potentially be switched off but not
switched on as desired (due to lag -time).

The northwest European market model developed by DNV GL is based
on the PLEXOS modelling framework and used for modelling in this
study

Automatically activated by the primary control system, to stabilise
the system frequency after a contingency event

Programme responsible party (ENTSQE usesthe term Balancing
Responsible Part BRP)

Ramp rate is the speed at which a generator can increase (ramp up)
or decrease (ramp down) generation

Procured by TenneT for secondary reserve

(i.e. i nstruments) that require primarily regulatory intervention

Renewable energy sources

Procured by TenneT for tertiary reserve

The difference between reliable available capacity and load
Or residual demand.
Resi dual demand ( t Jdispatchdbée generation(t} )
Activated to bring the frequency back from its steady -state

frequency to its nominal value within 15 minutes

11
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SER

Smart grid

SME

Spot market

Tertiary reserve

TSO

The Social and Economic Council of the Netherlands

A smart grid is an electricity network based on digital technology

that is used to supply electricity to consumers via two -way digital
communication

Small and medium-sized Enterprises

Power trading platform for day ahead tra nsactions (trading today for
delivery of electricity tomorrow) as well as Intraday transactions for
on-the-day trading

Activated within 15 minutes of being called, for at least 15 minutes
duration, and are procured on a daily basis

Transmission System Operator (responsible for the high-voltage grid,
TenneT in the Netherlands)

12
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Introductio n

Background

The European electricity system is on the verge of a second organisational revolution. After the start of
electricity sector liberal isation in the nineties, it is now the success of European renewable energy
policies that sees traditional business models in the electricity sector rapidly changing. Whereas large
incumbent suppliers are gradually diversifying into renewables, their  dominant position is starting to
get challenged by households and independent suppliers of renewable energy that in increasing
amounts offer their production to the grids. Also compounded by technological developments such as
6smarterd gr i ds ganisahoe of the ededtiicityiseztaras| theraby changing from one-
directional, i.e. from producer to consumer, into a two -directional model, in which consumers can be
at the same time producers or can strategically restrict their demand to fit higher elect ricity system

goals.

Although the changing organisation of the electricity sector can be seen as an important
accomplishment of European liberalisation policies , together with the growth of renewable energy it
also offers new challenges for policy makers. These concern in particular the policy goal of security of
supply. Electricity systems share the specific technical characteristic that supply and demand need to

be in balance at all times for the stability of the system. Therefore the increasing variabil ity in supply
and the increasing possibilities to strategically restrain demand together imply the need for a far larger
fl exibility in electricity grids in order to cope with increasing variability in supply and demand. At all
times that renewable energy is not sufficiently available; reserve power capacity is needed to balance
supply and demand. On the other hand, in times of oversupply of electricity, new ways need to be

found to make an appropriate use of the surplus.

However, current market trends re garding availability of reserve power to counter undersupply are
opposite to what would be needed. Gas turbines so far are often used to provide flexibility to the
system, but, d ue to the large influxes of renewable energy low coal prices and a malfunction ing
European Emissions Trading Systemthey can no longer make sufficient hours to remain profitable to
their owners. As a consequence, new gas turbines have already been taken out of operation in various
countries and are no longer available to provide fl exibility . The realisation of this policy problem has

already led to a reaction in many European Member States. They decidedt o i ntroduce ©O6capacity
mechani smsé that provide incentives to power producers

In the Netherlands, such a policy decision has not been taken. Moreover, it is still an open question if in
the specific situation of the Dutch electricity sector such a regulatory intervention would be needed at
all. This report therefore examines in more detail what are t  he specific requirements for increasing
flexibility in the Dutch electricity sector. It also examines what are the specific options available to
policy makers to increase flexibility in case that an intervention would be needed.

Aims and scope of this pro ject

Aims of this project
As a contribution to the discussion about solving the organisational challenges of European and Dutch

electricity supply as outlined above, t his study focuses on flexibility needs and options in the

13
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Netherlands . Within the contex t of a changing organisation of the European electricity sector, it will

analyse:

1. The specific Dutch situation regarding flexibility needs
What is the specific situation of the electricity sector in the Netherlands and what are
balancing and flexibility n eeds now and up to 2023, taking into account Dutch policy objectives
and developments abroad?

2. Flexibility options available to the Netherlands
Which technical and regulatory ba lancing and flexibility options are available to the
Netherlands, and which are their specific benefits and limitations?

Scope of this project
In order to delineate this research project in more detail, the following limitations were set to the
scope of the project:

Geographical

The Netherlands are the geographical focus point o f this research project. As the Dutch electricity
market is part of a wider European electricity market  (e.g. the Central West region) flexibility needs
cannot be examined without establishing the links to neighbouring countries, these will be also
examined. The influence of developments in Germany, but also in Belgium, Great-Britain, Denmark and
Norway will be accounted for in the study .

Timeframe
The primary time horizon of the project is that of the  Dutch Energieakkoord, i.e. from 2013 to 2023. An
outl ook will be given to the situation until 2030.

Central and decentral power generation

Focus of this report is on flexibility as an issue for a regulated, national grid within the interconnected
European grid system. Central and decentral power generatio n are examined as giving rise to flexibility
issues for such a grid, with a focus on central power generation . Decoupling of decentral grids and

future possibilities for stand -alone local power generation are not considered.

Scenarios
For this report, dev elopment of renewable energy policies as aimed at by the Dutch Energieakkoord up

to 2023. For further developments up to 2030, an extrapolation was made of these targets.

Reading guide

Chapter 2 of this report will define in more detail what is meant exa  ctly by flexibility in the electricity

sector. It will then look in more detail into the specific electricity sector situation in the Netherlands

and examine to what extent c¢laims of a 6needd for incre
Chapter 3 will subsequently discuss what options would be available for increasing flexibility in the

Dutch electricity sector. Th e report ends with a chapter giving main conclusions and recommendations

for Dutch policy makers.

14
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Flexibility requirements  in the Netherlands

This chapter discusses to what extent the Dutch electricity system would require interventions to meet
increased flexibility needs in the future. The timeframe regarded here is the period up to 2030, with
2023 as an important interim date das main Dutch energy policy goals are formulated for that year.

The chapter starts with amore precisedef i ni ti on of the concept of o&6flexibil
(section 2.1). The next sections analyse how current flexibility needs are met in the Ne therlands and

what could be requirements up to 2030 (sections 2.2 and 2.3). Section 2.4 discusses views on flexibility

needs in the Netherlands of stakeholders and experts. Section 2.5 finally gives main conclusions

regarding flexibility requirements in th e Netherlands.

Definition of flexibility

Currently, there are various approaches which all try to characterize the flexibility requirements of an

energy system'. What makes it difficult is that there is no uniform definition of flexibility, nor a single

indicator of a systemf6s flexibility requirement. Given
definition of flexibility as given by the IEA, as it is most often used by academia and policy makers %

OFl exibility expresses t hestemgahiaonetse/teoreaseleleatrinity a power sy
production or consumption in response to variability o}

The flexibility issue is often confused with balancing. Though these concepts are similar, they are not

the same. Balancing is defined by Mott MacDonald (2013)as: 0 Al | actions and processes
TSOs ensure that total electricity withdrawals are equalled by total injections in a continuous way, in

order to maintain the system fr equéTheseawoperationsina predef i
the tim e range of a few seconds to approximately one hour. This should be seen in contrast to

flexibility, which  covers a much broader timespan, including daily, weekly and even seasonal variations.

Balancing is thus part of the flexibility issue, but it only cov ers the very short -term matching of demand

and supply.

An increased share of variable renewables in the electricity mix might lead to flexibility challenges
with in different timescales, depending on the frequency or time resolution of demand and supply
variations . For this report, we distinguish three simplified timescales®:

Type of flexibility Timescale Corresponding market
Short-term < 15 minutes Balancing
Mid-term Day Intraday/Day -ahead
Long-term Weeks/season Future contracts

! E.g. IEA/IOECD, 2014; Holttintinen, 2013; NREL, 2014; ETH Zurich, 2012; University College Dublin, 2012;
2 International Energy Agency, 2011. Harnessing variable renewables. Technical report
% Mott MacDonald, 2013, Impact Assessment on European Electricity Balancing Market, March 2013
“ Depending on whether variations are more prominent on for example an hourly or a seasonal scale.
Generation adequacy6 is sometimes usedcalsl ai n etctrins crmé¢ paretr mo It @
flexibilityd.

15
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For an adequate asessment of flexibility needs, it is important to examine the impact of an increased
share of renewables on each of the three flexibility time -scales. Also, it should be taken into account
that the policy discussion about flexibility on one hand concerns th e optimal economic dispatch of
available generation capacity on the short term, and incentives for investment in new generation
capacity or other flexibility options on the longer term.

How the Netherlands currently meets its flexibility requirements

Inorderto deal with varying demand patterns and supply or
already provide a substantial degree of flexibility. This flexibility is arranged and valued via markets

(see Annex 1: How markets deal with flexibility). However, not all countries have equally flexible

power systems and deal with varying demand and supply patterns in different ways. Some countries

develop significant interconnection capacities, while others for instance focus on more supply -driven

solutions (e.g. CCGTs, CHP)or on hydro capacity .

That countries have different points of departure is perhaps best depicted in figures they refer to as

6f 1 exi bi P iThese flesitiility chiarss for The Netherlands, Belgium, Germany and France show
the differ ent degrees of potential flexibility and the main sources for each country (see Figure 2 -1). As
the figures show, the Dutch power system provides a substantial degree of flexibility. Contrary to the
surrounding countries, the Netherlands already have three potential sources for flexibility in a
substantial amount available: interconnection, CHP and CCGT. Figure 2 -1 shows that interconnection
capacity in the Netherlands already potentially can meet more than 80% of current peak demand, CCGT
60% and CHP 40%yhereas current installed wind capacity is low compared to other countries (13. 5% of
peak demand). Only Denmark has, with two large potential sources of flexibility (interconnection and
CHP) a similar existing flexibility capacity. Neither are  there in the current electricity system in the
Netherlands signs that indicate a shortage in flexibility capacity so far (Annex 1). However, main

question is if this will change in the future.

® Yasuda, Y, et al., 2013, Flexibility Chart: Evaluation on Diversity of Flexibility in Various Areas

16
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Figure 2-1 Flexibility charts of NL, BE, DE, FR with wind penetration ratio (% of installed power compared to
peak demand as of the end of 2011, red line signalling installed wind capacity in relation to peak demand)’

Interconnection Interconnection
80% 4 80%

BINetherdand BBelgium

Interconnection Interconnection
80% 80%

Interconnection
0,
‘0

Pump CCGT Pump CCGT
BNorway BDenmark East

"Yasuda, Y, et al., 2013, Flexibility Chart: Evaluation on Diversity of Flexibility in Various Areas
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2.3 Future flexibility = requirements in the Nethe rlands

The extent to which future flexibility needs in the Netherlands will increase, will depend for a large
part how future supply, demand and interconnection in the Netherlands will develop. These
developments are described in this section.

2.3.1 Supply-side developments
One of the major causes for the expected increased flexibility needs is the growth in variable RES
production in the Netherlands as well as in neighbouring countries. In the Netherlands, up to 2023 a
substantial growth in RES production is aimed at in the 2013 SER Agreement (Box 2.1)

Box 2.1: SER Agreement goals

For renewable energy, the SER agreement sets a target of 16% by 2023. This implies that 40% of all
electricity in the Netherlands by 202 3 should be generated from renewable energy sources. For
comparison: in 2013, this share was only 12%.

Wind power and solar PV play a key role in the plans ( Table 1.1). Onshore wind capacity will be
expanded to 6 000 MW in 2020. Taking into account the necessary decommissioning and refurbishing
of existing turbines, this means that some 5 000 MW of new wind capacity needs to be installed. The
targets for offshor e wind are equally ambitious: 4450 MW in 2023. It is foreseen that in 2019 the

next offshore turbines will come online. Solar PV has to grow to about 5 000 to 6 000 MWp by 2023.

Table 2-1 Targets of the SER Agreement

Capacity ‘ Unit 2013 Target 2020 Target 2023
Wind (onshore) MwW 2100 6000
Wind (offshore) Mw 228 4450
Solar PV MWp 550 4000 5000 6 6000
Share renewables % 12 32 40
Share wind and solar PV % 6 22 31

The potential impact of RES on flexibility needs has to be evaluated against the size and age of the
current electricity generation park and in particular against developments in the two av  ailable supply -
side flexibility options as indicated by Yahuda et al.: CCGT gas turbines and cogeneration plants. Also,

developments in decentral power generation need to be taken into account here.

Age and size of the electricity generation park in the N etherlands up to 2030
With presently announced policies, t he Dutch electricity supply will change substantiall y up to 2030 as

is depicted in the figure below .
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Figure 2-1 Capacity development in The Netherlands (GW) 2014 - 2030°
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The share of gasfired power capacity (CCGT + CHP) will decrease which will be compensated by a n

increase of

renewable, predominantly wind and solar PV. The share of coal fired power plants will not
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change significantly and remains stable from 2020 onwards. The coal fired power plants, which came in
operation in the 1980s, will close down within the next two years. This will be compensated by three
new coal power plants that will come online in 2014. In 2012, the reserve margin (relia  ble available
capacity dpeak load) of the Netherlands was the largest in all of the CWE countries (about 40%) In
2014, this margin further increased to 62%. TenneT expects the reserve margin to further increase to
87% by 2021.

Figure 2-2 Reserve margin of CWE countries in 2012"°
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After 2021, the reserve margin is expected to decrease and may even disappear around 2030 if
mothballed plants are not reopened . In this case, a need for additional back -up capacity would
emerge around that time.

8 ECN/PBL Nationale Energieverkenning 2014
° TenneT, 2014, Rapport Monitoring Leveringszekerheid 2013 - 2029

1% Albrecht, 2014, The price of energy security in depressed electricity markets; the case of Belgium, Prof.Dr. Johan
Albrecht, Faculteit Economie & Bedrijfskunde, Second Summer School Economics of Electricity Markets, 28/08/2014

" TenneT, 2014, Rapport Monitoring Leveringszekerheid 2013 - 2029
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Developments in CCGT gas turbines up to 2030

CCGT gas turbines are seen by Yahuda et al. as one of the key potential flexibility options in the
Netherlands. In that light, the recent mothballing of a brand -new CCGT inthe Netherlands in February
2014 can be seen as an important event®. The mothballing was motivated with the reason that,
according to its owner, 6it could no I|*Inthieway,tompete wit
contributed to the discussion abou t the need or not for a capacity mechanism in the Netherlands *. If
such a modern power plant already was mothballed, would that not indicate that such a mechanism
would be inevitable to secure the future survival of gas power plants as a source for flexibi  lity in the
power system? However, the specific situation of this power plant, being situated very close to the
Belgian border, already gave rise to a subsequent discussion about connection of the plant to the
Belgian grid™® 8 suggesting that there is also a strategic component involved in the mothballing.

Looking at the CCGT park in the Netherlands, their start of operation and regular end of lifetime, the
following can be said: Low electricity prices, together with low CO2 prices and low coal prices have
pushed gasfired power plants out of the market. The share of total gas -fired electricity production in
total electricity production has steadily declined from 62% in 2010 to 60% in 2011 and 53% in 2012 and
2013. In 2013 and the first half of 2014, a subst antial amount of gas -fired capacity was being
mothballed (3284 MW) or closed down (2559 MW) in the Netherlands®®. Furthermore, almost all
previously announced capacity investment projects for the Netherlands have been either cancelled or
been put on hold*". ECN and PBL predict that central gas-fired power production in the Netherlands w il
therefore only account for 34% of total power production in 2014. This implies that gas will lose its role
as dominant energy carrier in the Netherlands for the firstina  very long time. Although closure and
mothballing can be seen as a normal market response, it can cause serious concerns in terms of loss of
flexibility if the trend will prolong. Up to 2020 gas  -fired capacity is expected to decline marginally to
10,5 GW, after which the situation is to remain stable. These projections are however uncertain. For

example, the role of gas -fired power plants could increase when flexibility requirements increase 8,

Table 2-1 Future development of central gas-fired power plants in the Netherlands®®

‘ 2014 2020 2023 2030
Production share % 34 19 16 11
Capacity GW 11 10,5 10 9,5

Developments in cogeneration up to 2030

Cogeneration traditionally plays a large role in Dutch electricity  supply in the Netherlands (up to 30% of
total electricity production 2°), at least since a boom in the nineties up to 2005. From 2010 onwards the
share of CHP in the Dutch power mix has declined. Currently CHP only foresees in 20% of the final heat
use in the industry and this share is expected to decline to 10% in 2020.To date CHP capacity in the
Netherlands consists in particular of industrial capacity as well as of cogeneration capacity for the

Dutch greenhouse sector.

E Financieel Dagblad (2014) Essent sluit nieuwe gascentrale, 5 February 2014
Ibid.
 For more detail on capacity mechanisms, see section 3.1.1
'3 https://www.essent.nl/content/overessent/actueel/archief/2014/rwe-stelt-clauscentrale-beschikbaar-voor-belgische-
markt.html
ij Tennet, Market Review 2014 (First half 2014)
Ibid.
'8 ECN, 2014, Quanitifying flexibility markets (to be released shortly)
9 ECN/PBL Nationale Energieverkenning 2014
% pBL/ECN, 2014, Energietrends 2014
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As CHP have an operating lifetime of about 15 to 20 years operators are being faced to amortise their
investments and have to invest in new capacity. Electricity prices however have remained stable, or
even declined, while gas prices have increased. This implies that the future of CHP, whe n taking into
account price developments, will look gloomy. This is also stressed in the latest CHP barometer %,
which expects that the margin of gas -fired power plants will remain negative until 2016. Recent
forecast as stipulated in the NEV indicate a fur ther decline in the production share of CHP in the

Netherlands, from 19% in 2014 to only 11% in 2030.

Table 2-2 Future development of decentral gas-fired power plants in the Netherlands CHP?

‘ 2014 2020 2023 2030
Production share % 19 16 14 12
Capacity (electric) GW 7 55 5 3

Decentral power generation up to 2030

An important question for future flexibility needs in the Netherlands will also be how decentral power
generation apart from cogeneration will d evelop until 2030. If decentral power would grow rapidly, it
would add to intermittent RES power in particular in the form of PV.

Growth-scenarios of the TKI Solar Energy show that 20 GWp of solar PV capacity can be realised by
2030. During summer 2014 the first GWp of solar PV capacity was reached.

Table 2-3 Future development of solar PV in the Netherlands®

2014 2020 2023 2030

Production share % 0.9 4,1 5.6 11.2
Capacity GWp 1 4 5-6 20

By 2030, PB. and DNV GE* calculated that the low -voltage demand peak during a typical winter day is
about 8 GW. Maximum PV supply v low voltage on a summer after noon is 18 GW. Supply peak is thus
higher than the demand peak. Whether the rapid growth of solar PV is to continue will greatly depend
on price and efficiency developments of solar systems. Next to this, it remains uncertain what will

happen with financial support arrangement s such asthe Dutch "salderingsregeling”, which will be
evaluated in 2016.

% Energy matters, 2014, WKK barometer Juli 2014

22 EU, 2014, Energy in figures - Statistical pocketbook

2 ECN/PBL Nationale Energieverkenning 2014

2 DNV GI/PBL, 2014, Het potentieel van zonnestroom in de gebouwde omgeving van Nederland
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Box 2.2 The role of decentralised supply and demand for flexibility

Perhaps the largest uncertainty in the development of the power system is the evolving role of
decentralised actors in the market. Local actors will have an increasing influence on the power
system. Currently, households and SMEs are passive consumers. They do not interact with the power
system and hardly produce power. This role is slowly changing. More and more households and SMEs
start producing their own power and supplying power to the grid, main ly from PV panels. The
development of a smart grid will also increasingly enable consumers to respond to price signals and
adjust their power consumption behaviour accordingly. In a future power system, todays passive
consumers of energy could become active producers and consumers of clean energy, often referred
to as prosumers.

Today, we already see the local production of energy increasing. The amount of households with PV
panels is increasing exponentially in The Netherlands. There is also a boom in ci tizen cooperatives
with the objective of local energy generation. These cooperatives struggle to find a viable business
model, but when they do it could lead to a fast growth in decentralised power production.

An increase of demand for residential consume rs is also expected. The increasing share of heat
pumps and electric vehicles is referred to as the electrification of the heating and transport sectors.

These decentral developments can have profound implications for the flexibility challenge. The
increase in local demand and supply could add to the flexibility requirements. Especially since
heating and transport is not evenly distributed throughout the day, but occurs in peaks. On the

other hand, a smart management of supply and demand could also increa se the flexibility of the
system. The devel opment of a smart grid enabl e
at times of excess power supply when prices are low. Similarly, the combined storage capacity of an
electric car fleet could be use d to provide capacity to the system when a demand peak occurs. This
management of demand and supply could help to balance out the national grid. Supply and demand
can also be matched on a local level, thus easing the strain on the high voltage grid.

A big question for policy makers and other stakeholders, such as TSOs and DSOs, is whether it is
cheaper to deal with flexibility on a local scale or on a national scale. This has for instance
implications for grid investments. An increase of local flexibility  solutions will increase the need for
low voltage grid investments and -as explained- thus decrease the need for high voltage grid

investments.

2.3.2 Demand-side developments
Electricity demand in the Netherlands is expected t o increase on average by 1 to 1.25% per year until
20307 . This does not seem to indicate particular needs for additional flexibility capacity at first
glance. Also the recently relea sed NEV projects that national primary electricity demand will stabilize
up to 2020 (105 TWh), and only marginally increase to 2030 due to improved economic growth (115
TWh). However, for short -term flexibility needs it is of course important how peak dema nd patterns
will develop. Here there are no main structural changes foreseen until 2030, apart from changes in
demand patterns that might be induced by the development of decentral supply (reducing demand for
centrally produced and distributed electricity)  or changing patterns as a result of demand -side
management (levelling out peaks and valleys in demand).

% TenneT, 2013, Kwaliteits en Capaciteitsdocument deel 1
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One specific option on the demand side is the development of electric vehicles (EV), which could serve
as an additional demand source by recharging t hem, specifically at times of oversupply in the

electricity grid. The Dutch government aims at 1 million electric cars in 2025 % (see table 2.8). This

2

would cause an additional electricity demand of 3 TWh per year %', adding around 2% to total demand.

Table 2-2: Development of electric vehicles and (semi) public charge points in the Netherlands

01-2012 | 01-2013 01- 2014 10-2014 2020 2025
Electric vehicles ~4.000 7.410 30.211 42.017 200.000 | 1.000.000
(Semi) public charge points ~1.900 3.664 5.876 10.679 - -

EV can bring flexibility to the electricity network through a system called Vehicle  -to-grid (V2G). The
vehicles communicate with the grid and apply a sell demand response servic e, either through delivering
electricity, or simply by lowering their charging rate. The market of V2G is still in a start ~ -up-phase, but
according to the few studies available the prospects for this technology is very positive % The JRC has
shown, in a scenario with 10% EV in total car fleet (which could happen around 2025 in the
Netherlands), EV have the potential to significantly shift load during the day, leading to peak  -shaving
(up to 2 GW per country) in the afternoon *°. Peaks however will increase duri ng the evening, and to a
lesser extent during the night. Whether the 1 million electric cars will actually be on the roads in 2025
already is highly questionable. The 2015 target of 20.000 electric vehicles has already surpassed,
primarily due to attractiv e fiscal measures, but realising 1 million electric vehicles by 2025 seems still a
long way to go.

Developments in interconnection capacity

In the neighbouring countries of the Netherlands, up to 2030 installed RES capacity will also
significantly increas e (Table 2-1). This is important, as the Netherlands will also share in the potential
detrimental or beneficial consequences for flexibility of these developments via its interconnection
capacity. It is therefore also relevant to know which are  up to 2030 the foreseen developments in
interconnection capacity of the Netherlands with its neighbouring countries.

Table 2-3 Intermittent renewables production of total indigenous production + policy plans for RES-E in

countries with direct interconnections to the Netherlands (as far as specified)*

Country Wind Solar RESE policy goals

Netherlands 2013: 5,6% 2013: 0,5%

Germany 2014: 9% 2014: 6.8% 55 -60% % RES in. e.lectricity (2030)
35% RES in electricity (2020)

Belgium 2012: 2,8% 2012: 2,1%

United Kingdom 2013: 6,6% 2013: 0,01%

Denmark 2013: 32,7% 2012: 0,1% 50% wind in electricity (2020)

Norway 2012: 1,1% 2012: 0%

% hitp://www.rijksoverheid.nl/onderwerpen/auto/elektrisch-rijden

% CE Delft, 2009, Duurzame elektriciteitsmarkt? October 2009 3.090.1

% RVO, 2014, Cijfers elektrisch vervoer

¥ Debnath et. al (2014) 0 Ener gy storage model with gridable vehicles for
Edith Cowan University, Joondalup, WA 6030, Australia

* JRC, 2013, Technology Aspects of the Energy Transition, Stathis Peteves, Head of Unit, Energy Systems Evaluation

Unit, Scientific Support to the Energy Mix, 8-Nov-2013

31 UK government, 2013; Fraunhofer, 2014, Carsten Vittrup. "2013 was a record-setting year for Danish wind power;

BP, 2014; NVE, 2013
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Within the timeframe up to 2030 there are several plans for new cross -border transmission capacity
between the Netherlands and its neighbours. These extensions are part of the realisation of the
European policy plans to establish a pan-European electricity market.

In practice, the following new interconnections are foreseen up to 2030:

- To handle the increased power flows between Germany and the Netherlands that are occurring
between the Netherlands and Germany, an extra 1.300MW 380 kV connection line is to be
realised in 2016 (Doetichem & Niederrhein) and TenneT is currently investigating the econo mic
feasibility of increasing interconnector capacity between Meeden and Diele.

- ltis to be expected that a fourth phase shifter in the 400 kV substation of Zandvliet (Belgium)
will be installed at the Dutch -Belgium Border. This will extent the interconne ction capacity by
an additional 700 MW by 2016.

- A connection to Denmark, the COBRA cable, is in the design and permitting phase. The cable is
planned to have a capacity of 700 MW and should become operational in 2019 *2;

- A second interconnector to Norway ( 700 MW capacity) is under consideration (NorNed2). At the
moment there is no date foreseen but it is at least not expected to become operational before
2022.

The latest ENTSOGE s cenari of6s indicate that that wundeectonhe given
capacity will increase from 5,7 GW in 2014 to 9.8 GW in 2030 , thus increasing by 72% compared to the
current situation.This equals 20% of total installed electrical capacity, both in 2014 and in 2030.

Table 2-4 Interconnection capacity of the Netherlands, 2014 and 2030%

Interconnection capacity of the Netherlands with 2014 2030

Belgium 1,5 2,2
Germany 2,5 3,8
Norway 0,7 1,4
United Kingdom 1,0 1,0
Denmark 0,7
Unknown yet 0,7
Total 5,7 9,8

Question is if through increased interconnection capacity not problems of overcapacity due to large
percentages of RES in other countries are imported. However, even in Denmark and Germany, with
much higher RES percentages as in the Netherlands, flexibility problems so far remain limited ( Box 2.3).
In addition, through interconnection capacity with several national electricity systems power outages

can be prevented, as was the case with the NorNed cable between Norway and the Netherlands on the
11" of May 2014. In that night, from 2 to 8 a.m., the power flow in the NorNed cable was reversed (to
flow from the Netherlands to Norway) in order to deal with an exceptionally high supply of wind power

and low demand during those hours®*.

2 RGI, 2013, Overview: where do we stand? What is built, what is planned?, Bergen, 27 June 2013, Theresa

Schneider, Renewables Grid Initiative; TenneT, 2014, Groen |lic
Nederland en Denemarken, 10 September 2014

3 ENTSO-E, 2014, Scenario Outlook and Adequacy Forecast 2014-2030

% TenneT, 2014, Market Review 2014: Electricity market insights, first half 2014
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Box 2.3 Technical power outages in Germany and Denmark

The German energy transition has entered its adoles cence, and is much more mature than the
Netherlands, which has in terms of penetration of variable rene wables only reached its infancy.
Neverthel ess, the Ger man experignckd rdajoe gablénts inefeeetively t o
integrating the increasing share of variable renewables in technical sense. On the contrary,
Germany has had the most reliable grid in Europe since standardized power outage statistics (SAIDI)

Triple &

were released in 2006. The average power outage in Germany fell below the level of 2012 (a bout 15

minutes over the whole year), which was alre ady the lowest number in Europe . In the German
media, there are only a few examples to be found of near power outages. These indicate that
technical failures, such as failure of a substation or malfunctio n in a nuclear facility, and not
intermittent renewable production are the cause of the near  technical blackouts.

In Denmark, the integration of wind power in the electricity system so far is a success story; no
major incidents at system level have been ex perienced. Only a few hours per year, the Danes
produce so much wind power that they have to pay other countries to import the surplus. Denmark's
energy system is currently able to cope with the intermittent character of wind power due to large
district -heatina. interconnection and demand -side manaaement canacitv.

Views on flexibility requirements  and main uncertainties

The previous section argues that, whereas most signs indicate that needs for additional flexibility
capacity in the Netherlands up to 2030 will be limited, there are also many uncert  ainties around this
conclusion. A key uncertainty is obviously the pace by which variable renewable electricity sources will
be introduced in the Dutch electricity system.
which explores possible energy futures of the Netherlands, estimates that realisation of renewable
energy targets up to 2023 will lag behind schedule *. With even more ambitious emission reduction
targets ahead for 2050, it could also be argued however, that sooner or later additional instruments will
have to be introduced to accelerate the implementation speed. Another main uncertainty is the impact

The rece

of the rise of decentral power generation and possibilities for demand -side management due to smart

grids on system variability.

The uncertainties regard ing flex ibility requirements give ample room to diverging views of experts and

stakeholders on the topic. For instance, on one hand the OECD/IEA in their 2014 review of the Dutch
ener gy s ect oCurrentpaweegenerhtiart overcépacity in the Nethe rlands can serve as a
flexible source to the North -West European power markets. Instead of pursuing a national approach,
the Netherlands is right to promote cross -border electricity trade in the region, as it can benefit from
cost and resource efficiency o f the larger market. To this end, the Netherlands should further
strengthen its electricity network within the country and across the borders lift congestions, while at
the same time supporting the integration of renewable energy policies into electricity markets to by
way of cross-border balancing, intra -day markets and system operation as well as reserve
mechanisms5®. Implicitly the IEA therefore seems to indicate that, rather than having a flexibility
problem of its own, the Netherlands by way of its int erconnections could contribute to reducing
flexibility problems in its neighbouring countries  dat least in the years to come .

% ECN/PBL Nationale Energieverkenning 2014
% |EA, 2014, Netherlands energy sector review, Paris
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For the longer future, however , Netbeheer Nederland (2014), the branch organisation of Dutch

electricity and gas TSOs and DSOsstatest hat ©6enor mous fluctuations in suppl)
electricity in 2030 will be a day -to-day reality &’. As a main solution, they see the need for an improved

data management system that can deal with such rapid fluctuations. Also, they argue in favo ur of a

better integration of electricity, gas and heat grids, with an important role for power to gas as a

flexibility option.

For this project also various representatives of stakeholders in the Netherlands were interviewed face -
to-face®®. The opinions of these stakeholders on the need for additional flexibility options for the Dutch
electricity sector were found to be likely divided. Several parties state d that Dutch electricity supply is
relatively well -organised and transparent compared to other countr ies. In particular, the Dutch division
between a programme responsible-, measuring responsible- and supply party for each connected end -
user was considered as a well-functioning system. According to several respondents, due to current
oversupply there are probably no new flexibility options needed now or in the near future.

Also, according to most respondents if there is any problem at all it is for sure not a technical, but

rather a market related probl em. As oemedfoefleypbditm dent put s
lies in the increasing share of intermittent power, and in Germany - with current shares of intermittent

power that will be only reached in ten or twenty years in the Netherlands  dwe do not see substantial

technical problems either. 6

CIERPBL also arguesin a recent report  that the flexibility challenge is primarily an economic one.
Integrating large shares of variable renewables is increasingly costly as the share of variable renewables
(VRE)increases, as can be observed from the increasings y st e m c¢ o s inshe (alile bblovh )

Table2-5Est i mated additional system costs (uUu/ MWh) of expanding so
and The Netherlands™

Wind Solar
VRE-share 10-15% 15-25% >25% 10-15% 15-25% >25%
Adequacy 3-6 3-6 4-15 5-15 10-15 10-20
Balancing 1-5 1-5 >5 1-5 1-5 >5
Network 4 7-15 15-25 10 10-15 15-40
Total 8-15 11-26 >24-45 16-30 21-35 >30-65

These increasing costs are a good reason in itself to have a critical look at the organisation of the
system, in order to minimise these additional costs as much as possible. Similarly, Ecorys estimates that
if costs of intermittent electricity generation in the EU was to be limited to 25 billion euro per year, no

more than 40% of renewables could be integrated into the market **.

%" Netbeheer Nederland, 2014, Actieplan duurzame energievoorziening

% See the annexes for an overview of interview partners

3 clEP/PBL (2014) Reflections on coordination mechanisms, The Hague

0 1bid

1 Ecorys (2011) Assessment of the Required Share for a Stable EU Electricity Supply until 2050, Brussels
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Viewpoints further diverge concerning the need or not for a capacity mechanism for the Netherlands.

The Dutch regulator and TSO state that such a mechanism is not needed, as the curre nt energy-only

market in their opinion will be perfectly able to generate the needed and most cost -effectiv e flexibility

options by itself. However, other parties refer to political pressure that  would make the introduction of

a capacity mechanism in the N etherlands in some form or another inevitable. Asone interviewee from a

market party puts it :

6ln order to keep convent i onanly mgketvas asogety wofl wilt haetoe i n an
accept periods of electricity scarcity with high peak p rices. This will motivate investors to invest in

peak- or back-up power. However, in such periods the system will also become very vulnerable to

blackouts. In my opinion, neither society nor politicians will accept this vulnerability. Capacity

mechanismsw | | therefore be inevitable.d

Conclusions
Main conclusions of this chapter regarding flexibility requirements in the Netherlands up to 2030 are:
1. The current potential flexibility capacity in the Netherlands is sufficient to meet current demand

for flexib ility and higher than in its neighbouring countries. Contrary to the neighbouring countries,
where there are generally one or two main potential sources for flexibility, in the Netherlands

there are three main potenti al idncahigivsharetof CCOGENdS sour ces

flexible CHP.

2. Up to 2030, flexibility requirements in the Netherlands will increase due to the planned increase in

VRES capacity in the Netherlands and in its neighbouri

flexibility s ources already available to the Netherlands, interconnection capacity in relation to

peak demand will remain roughly the same : although new interconnections are envisaged, demand
will also increase in a similar pace . Also, CCGT capacity d based on averagetechnical lifetimes -
will remain relatively high, although actual operation of these plants will depend on economic
parameters which are susceptible to change in the market place. Only CHP capacity is likely to
decrease significantly, as the age of the existing park will require new investments that are not
economically viable if current price developments continue. Overall, we estimate that availability

of conventional flexibility options up to 2023 and probably even 2030 in relation to peak demand is
mogt likely to be sufficient to meet flexibility requirements without investments in new flexibility
capacity being required in a business-as-usual scenario (with implementation of the SER agreement
and envisaged NEVpolicy scenario up to 2030).

3. Beyond 203Q or i n scenarios of higher RES implementation up to 2030, additional flexibility

capacity might be needed in the system. Given the long lead times of some flexibility options, such
as grid investments, the scale and nature of these flexibility needs shoul d be anticipated well in
advance. The rapidly increasing system costs for integrating the variable renewables also form a
powerful driver to have a critical look at  the organisation of the system, in order to minimise these
additional costs as much as possble.
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4. Arapid increase of decentral options like solar or electrical vehicles might give rise to additional
flexibility requirements in the future. Whereas a rapid growth of PV will cause more variability in
the system, storage capacities of electric ca rs on the contrary could have a stabilising function , on
the condition that distribution grids can cope with increased flows.  Next to the uncertainties in
growth rates of implementation of renewables in general, with many underlying uncertainties
regarding e.g. policies and price developments involved, the development of these decentral
options introduces a main systemic uncertainty in the electricity sector ~ das their proper
integration into the system would require a rethinking of current design principle s of the system
from unidirectional top -down to bidirectional top -down and bottom -up.

5. Views of stakeholders regarding requirements for additional flexibility in the Dutch electricity
sector are diverging and should also be seen in relation to interests in volved. Whereas some
parties stress the qualities of the existing Dutch system and its ability to cope with flexibility needs
in the future, other parties point to the need for investments in their field, e.g. in grids. Whether
or not foreseen increase and height of peak prices due to increased variability in the future
electricity system will lead to a strong political pressure for regulatory intervention in the system is
an important point of discussion.
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Flexibility options for the Netherlands

In the previous chapter, it was discussed to what extent new flexibility capacity in the Netherlands is
actually required in the coming years in light of existing markets and already installed flexibility

options. Whereas an acute need for market intervention in the Netherlands in the coming years was not
found, it is clear that announced policy plans in the European Union and Member States will lead to
much higher percentages of RES capacity installed up to 2050. Also, technological developments will
make that new flexibility options such as advanced storage or demand -side management will become
available on the market. This chapter therefore discusses in more detail possibilities and limitations of
application in the Netherlands of the main categories of flex ibility options currently known.

We distinguish in this chapter between regulatory flexibility options  (i.e. instruments) that require
primarily regulatory intervention and investment -based flexibility options that require financial
investments either on the supply side, on the demand side or in storage:

Regulatory flexibility options Investment -based flexibility options
Capacity mechanisms Increasing flexibility of conventional plants
Curtailment of RES Demandside management and smart grids
Other regulatory options Increasing network capacity

Electricity Storage

Regulatory flexibility options

Capacity mechanisms

In the energy only market, power plant operators generally receive revenues for every unit of
electricity (MWh) sold. The price they rec eive for every MWh sold is set on the wholesale markets,
based on marginal costs of power production. Wind and solar power require large upfront investments,
but have low marginal costs. At peak production hours, the low marginal costs drive down the price  of
electricity. This pushes conventional plants out of the money and scares of investors as they are

uncertain whether they will be able to recoup their investments.

Capacity mechanisms are government interventions in the power market to ensure that elec tricity
undertakings (often suppliers) assume the responsibility to provide or pay for generation capacity which
they would not otherwise do, or at least not to the same extent, considering only their own commercial
interests *2. These capacity mechanisms can provide an additional incentive for developers and owners
of generating to make their capacity available to electric markets where price signals from the energy
only market alone would not.

The basis of most capacity mechanisms is that operators are n ot only compensated for the units of
energy they produce (MWh), but also for the capacity they have installed (MW). In this way, power

plants that operate only in limited hours of peak demand can still remain profitable.

42 EC, 2012, Consultation Paper on generation adequacy, capacity mechanisms and the internal market in electricity, 11/15/2012
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A number of European Member states have designed additional capacity mechanisms to create more

long-term price signals for suppliers. Examples and a more detailed explanation of the type of capacity
mechanisms can be found in Annex A The figure below shows that pure energy -only markets can be
found in only a few EU countries. In many other Member States there is some form of capacity

mechanism introduced.

Figure 3-1 Capacity mechanisms: state-of-play in the European Union*®

Energy Only

Proposal for new
capacity elements

Partial capacity
mechanisms

Major capacity
mechanism

The need for capacity mechanisms is subject to intense debate. Proponents of capacity mechanisms
argue that energy only markets with significant RES penetration will never be able to provide enough
financial incentive for investments in sufficient back up capacity. They  claim that this will over time
endanger the level of reliability of supply. It can already be observed that companies such as Eon and
RWE aim their investments more in areas outside of Europe. They delay investments, awaiting more
certainty in the creatio n of new mechanisms that ensure an adequate return on investment in new
conventional generation capacity. These developments already take place in surrounding countries such
as Germany, France and GreatBritain. Key Dutch players such as Energie-Nederland and TenneT
however believe that energy only markets result in better capital efficiency and can provide adequate
incentives, if parties are informed, to invest in standby capacity. Moreover, the peak prices that will
result from shortage provide technology neutral investment signals that are required for investments in
the right type of flexibility options. This may not necessarily be conventional generation capacity.
Capacity mechanisms tend to favour existing (conventional d mostly gas) generation capacity and are
typically not technology neutral.

Capacity mechanisms have also a tendency of being national solutions, due to autarky thinking, and
therefore discriminate interconnection vs. local balancing and back -up capacity **. Ideally, capacity
mechanismshave to be arranged at transnational or even European levels such that perverse incentives

“3 DG ENER, 2015, Developments in energy policy, presentation S. Vergote
“ Statkraft, 2013, Position paper on the design of capacity mechanisms
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are avoided. This will take significant amount of time, considering the difficulties that have been
experienced in harmonising the balancing regulation in Europe.

Advantages and disadvantages of application in the Netherlands

The Netherlands is relatively dependent on gas plants as a flexibility option, part of which have already
been mothballed. Capacity mechanisms may provide an incentive to keep them in back up. Y et, the
need for market intervention in the Netherlands in the coming years has not been demonstrated as
existing flexibility capacity could be sufficient.

Table 3-1 Capacity mechanisms as a potential flexibility option for the Netherlands
Capacity mechanisms
- Regulatory (financial) stimulation of flexibility options
separate from energy -only markets;
Main characteristics - Consists of several suboptions;
- Already applied in several EU Member States (Belgium,
France, United Kingdom) and considered in others (Germany)

- Introduces financial incentives in particular for existing peak
General application possibilities generation capacity (gas) to remain operational and prevent
mothballing.

L - Might be supply-side biased / favour conventional capacity
General application limitations ) .
and hamper innovation.

- o - The Netherlands is relatively dependent on gas -fired power
Specific advantages of application in

plants as a flexibility option, part of  which have already been
the Netherlands

mothballed.
- Its need for market intervention in the Netherlands in the

Specific disadvantages of application ) o
. coming years has not been demonstrated as existing
in the Netherlands

flexibility capacity could be sufficient.

3.1.2 Curtailment of renewable energy
Curtailment is a reduction in the output of a generator from what it could otherwise produce given
available resources, typically on an involuntary basis ** (See Annex B) Curtailing occasional supply peaks
of wind and solar power is currently mo re economic than storing them. However, i n the future, with

more frequent and longer peaks combined with cheaper storage, this picture might change.

Curtailing renewab les means that low -carbon power is effectively thrown away. Moreover, re newable
energy producers are sometimes compensated for the curtailed power, which adds even more to the
costs. Even though curtailment is often economically the most sensible option, from a societal point of
view it might be controversial at some point . Many experts agree however, that curtailment should be
considered as a serious option. Allowing for even a very small percentage of curtailment can
dramatically reduce the costs of the remaining flexibility requirement.

RES curtailment can provide flexibil ity on all timeframes, although its use for frequency containment is
limited.

** NREL, 2014, Wind and Solar Energy Curtailment: Experience and Practices in the United States
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Advantages and disadvantages of application in the Netherlands
As current RES capacity in the Netherlands is low compared to its neighbouring countries, application of
RES curtalment at this moment would ma inly concern foreign suppliers.

Table 3-2 RES Curtailment
- RES curtailment is the restriction of access of RES to the grid

Main characteristics in times of high supply peaks. It has been applied
occasionally in some countries.

General application possibilities - Relatively easy to apply

o - Might face public acceptance issues;
General application limitations o ) ) )
- Could require financial compensation of RES suppliers

Specific advantages of application in

- Current RES capacity in the Netherlands is still relatively low
the Netherlands

Specific disadvantages of application N
- None
in the Netherlands

Other regulatory options
Ecofys (2014 mentions the following additional potenti al regulatory interventions that could improve
flexibility without new investments in flexibility capacity being needed:

Market coupling

In market coupling, instead of explicit trading of transmission capacity between markets, total supply
and demand are matched over different market areas in order to use existing grid capacity in the most
efficient way. Prerequisite for this option is that markets are physically linked by way of
interconnection capacity.

Market coupling can be implemented for day -ahead, in intra-day and balancing markets.

Prequalification standards

Market actors have to fulfil specific prequalification standards before they are allowed to trade on
electricity markets. Especially in balancing markets, these standards comprise a number of technical
characteristics that have to be met, e.g. minimum sizes of bids. Pooling of small entities opens the
market to bids from additional flexibility options, including demand side options and controlled

generation of intermittent renewables.

Scheduling times

Services on electricity markets are traded in defined time blocks. Shorter scheduling periods for
fulfilling the contract opens the market especially for intermittent power and for bids from the demand
side. RES and demand side actors often provide flexibility only for a certain time frame, e.g. inday -
time. If the predefined time blocks are too long (e.g. 12 hours, or one week), these flexibility options
are excluded from the market. Allowing transactions within operating periods can further reduc e the

need for control power and increase schedule accuracy.

“ Ecofys (2014) Flexibility options in electricity systems, Ecofys Germany
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Gate closure

The forecasting accuracy of renewable power production increases as we further approach real-time.
Delaying gate closure closer to real -time includes better forecasts for VRES. Wit h lower uncertainty,
the need for balancing reserves decreases.

Transparency
Market results, such as reserve and imbalance prices, should be published as soon as possible. Time lags
hinder adjustments by market actors.

General characteristic of these opt ions is that they mainly concern fine -tuning of regulation, which is
relatively easy and can be achieved at low costs in all Member States without additional investments in
flexibility options being needed. Exception here is market coupling, which is often  linked to necessary
investments in interconnection capacity. The benefits to be obtained by fine  -tuning will depend on the
specific regulatory system in each Member State.

Advantages and disadvantages of application in the Netherlands
The Dutch electric ity market is well developed with an intraday market and a short gate closure set one
hour prior to delivery for the balancing market . A key issue for the further development of the

electricity market is the further integration with neighbouring markets %’

Table 3-3 Other regulatory options

- By fine-tuning of regulatory options, as well as by increasing
) o geographical size of markets by way of market coupling,

Main characteristics ) o . )
increased flexibility can be obtained without need for

additional flexibility investments.

General application possibilities - Relatively easy to apply at low cost

- Specific benefits for flexibility will depend on the

o characteristics of each national regulatory system;
General application limitations ] ) ] T
- Market coupling will require close coordination and

cooperation between different Member States.

Specific advantages of application in
the Netherlands

- None identified.

- Market coupling: Surrounding countries (BE, UK, DE) are
increasingly implementing capacity mechanisms, which might

Specific disadvantages of application potentially adversely influence the Dutch internal energy

in the Netherlands market when markets are coupled . On the other hand,

influxes of excess flexibility cap acity from abroad could also

have positive effects in the Netherlands.

4T Eclareon, 2011, Integration of electricity from renewables to the electricity grid and to the electricity market
INTEGRATION National report: Country report Netherlands, Client: DG Energy

33



The Balance of Power & Flexibility Options for the Dutch Electricity Market Tri p | e ’

3.2 Investment -based flexibility options
Apart from regulatory -based flexibility options, there are a variety of ways to increase flexibility in the
power system that will require inve stments on the supply -side, the demand -side or in storage. With
technological improvements that have become available in the past years and that are likely to
continue in the near future, a larger number of such options will become available as costs fore ach of
these will decrease. The pace in which this will occur, however, is hard to predict.

3.2.1 Increasing flexibility of conventional plants
Thus far, system flexibility is almost exclusively provided by thermal power plants. The flexibility of the
current power plant fleet can be improved by retrofits of existing plants, or opting for more flexible
new plants. This allows for increased load -following and thus more flexibility in the conventional power
plant fleet (e.g. coal, gas, nuclear). Conventional plan ts can provide system flexibility by increasing or
decreasing output on request.

The investment costs differ p er type of power plant. Additional investment costs for modern coal plants

range from 130061 750 G/ kW, for modern od&2$50plad ktWws (ICei@Wg e mn@8 880
a0/ kW ( Ova@ble costs are highly dependent on fuel costs. Price indications for the current

European market are: Coal: 22630 0/ MWh, d&OGT:/ MAWh , d&'®GGTi:/ Mo .

Not all power plants are equally flexible. Gas turbines and internal combustion engines are the most
flexible units, while CCGT and steam turbines are subjec ted to more constraints. These constraints a re
defined by e a crdmpihgeapability, masg-yuld requirements and minimum load.
Technology developments in power generation and refurbishment of old units can allow increasing the
flexibility of all c onventional power plants. The flexibility constraints determine the type of flexibility
services that the various technologies can provide, as schematically depicted below:

Figure 3-2 Flexibility of conventional power plants*®

Short term flexibility Mid term flexibility Long term flexibility
Lignite Lower ST/MT flex potential, unit commitment constraints o
Nuclear Lower ST/MT flex potential, unit commitment constraints =
Coal Lower ST flex potential, unit commitment o air
CCGT Flex mode can be enhanced R
OCGT
ICE Flexible <high variable costs, emissions
Large CHP Constrained due to primary operation T

The figure shows that short -term flexibility (balancing) is currently typically provided by gas  -fired units,
which can ramp up faster and can operate at lower minimum loads than coal fired power plants.
Technological advancements increasingly allow coal to play also a role in providing system flexibility.

Particularly the ability to operate at lower loads will become important in future energy systems. A
reduced minimum load is particularly important at times of high generation from renewables, for
example in areas where there is a high feed in from solar power during the day. At these times, the

8 Ecofys, 2014, Flexibility options in electricity systems
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remaining demand, referred to as residual load, is limited. At such times, several conventional power

plants could be turned off. However, s tarting up a coal fired plant is costly and time consuming so they

would preferably run continuously and just reduce their output. Continuous running at low load will

enable back-up plants to remain connected to the grid and therefore able to move to full load more

rapidly when required , at the expense of a lower overall efficiency .Cost - benefit analyses
existing power plants to increase flexibility shows a
costs®,

The potential and deploym ent of this flexibility will decrease over time, with a decreasing share of
fossil fuel fired power plants in the energy mix.

Advantages and disadvantages of application in the Netherlands

The Dutch power system is largely gas-fired, and thus faces relat ively low investment costs in additional
flexibility. The flexibility of the coal fleet in The Netherlands is already increasing as inflexible old

plants are closing and more flexible new plants are under construction/coming on line.

Investments in incre ased flexibility of conventional power plants can increase the ability of the Dutch
power system to provide also flexibility services for surrounding countries, which increasingly face
capacity shortages. Belgium and the UK are already experiencing capacit y shortage. Capacity shortage
may also increasingly become an issue in Germany with the phase out of the nuclear power plants.

Table 3-4 Increasing flexibility of conventional plants

] o - Investment costs are rather high, variable costs will
Main characteristics ) ) )
probably only increase with fuel prices.

- Depending on the technology, flexible power generation can
General application possibilities provide flexibility services on all time -frames (short-mid-
long term)

- Ramps and part-load operation lead to lower efficiencies
and higher CO2emissions.
o - Start-ups and ramps also lead to increased wear and tear on
General application limitations .
the unit components and systems.
- Investments in the existing fossil fuel based infrastructure

can meet public resistance.

- The Dutch power production is largely gas-fired, and thus
faces relatively low investment costs in additional

- . flexibility.
Specific advantages of application in

- Investments in in creased flexibility of conventional power
the Netherlands

plants can increase the ability of the Dutch power system
to provide also flexibility services for surrounding

countries, which increasingly face capacity shortages.

Specific disadvantages of application . -~
- None identified

in the N etherlands

“ OECDJ/IEA 2014 The Power of Transformation Wind, Sun and the Economics of Flexible Power Systems GSE,
Rome, 8 July 2014; 2
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3.2.2 Demand side management
The current power system is organized so that supply resources are operated to follow demand under
all circumstances, in a distributed system customer demands interact with and respond to supply
conditions and capabilities *°. The concept of demand side management is not new. The second source
of flexibility of todayds electricity system is demand
not used in this respect. TSOs have agreements with several industrial parties, that in times of supply
shortage these industrial parties will reduce their demand and receive financial compensation in return
(for more detail, see Annex A) .

In the future, both industrial parties and households should be able to re  spond to price signals and
adapt their consumption pattern accordingly. Refrigerated warehouses are often used as example. As
long as the temperature of these warehouses remains in a defined range, the exact moments of cooling
can be delayed to times with lower electricity prices. In a system with smart grids, such demand
response dynamics can be increasingly automated, resulting for the warehouses in higher electricity

consumption but in overall lower costs.

The potential of flexible capacity in demand si de management is significant, and growing due to the
electrification of some sectors (e.g. electric vehicles, heat pumps). The crucial question is how high the
levels of financial compensation need to be for consumers to shift their demand.

Industrial de mand response

Some industrial installations involve processes that allow freedom in shifting energy requirements of

the process in time. Examples of such processes include electrolysis (see also paragraph 3.2.4 - power
to gas), cement and paper mills, elec tric boilers, and electric arc furnaces °. Industrial demand
response can involve a shifting of demand or simply cutting demand and accepting lower production.
Costs of shifting demand are generally modest if the primary process is not disrupted. Costs gene rally
relate to change of shifts in personnel, installation of communication and control equipment, and
potentially additional on -site storage of intermediary products. Costs associated with reduced
production can be high and are usually avoided. The poten tial of industrial demand response is high. To
what extent the potential can be harvested depends on sufficient incentives and the regulatory
framework.

Household demand response

Potential demand management technologies in the residential and services se ctor include air
conditioning, compressing air for mechanical use or even rescheduling of washing processes in
households. Another example would be delivering domestically produced energy from solar panels to
the grid during periods of peak prices.

The potentials are considered to be high, but the enabling IT infrastructure and the constraints due to
the primary use of controlled devices can present significant challenges , e.g. abandonment of profile
based allocation 2.

% VTT, 2009, Integration of Demand Side Management, Distributed Generation, Renewable Energy Sources and
Energy Storages State of the art report Vol 1: Main report, for IEA DSM
* Ecofys, 2014, Flexibility options in electricity systems, By: Dr. Georgios Papaefthymiou, Katharina Grave, Ken
5Dzragoon, Date: 10 March 2014, Project number: POWDE14426, by order of: European Copper Institute

Ibid.
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Advantages and disadvantages of appl ication in the Netherlands

For demand side management on household and SME level, smart grids are needed. Smart grids
research in The Netherlands is well -developed, with several pilots under way. These research can help
to kick start the development of a s mart grid.

Electric vehicles are often mentioned in relation to smart grids and residential demand response, due
to their storage capacity (see also section 2.3 on electric vehicles). The development of an electric
vehicle infrastructure and the penetra tion of EVs in the Dutch market are relatively advanced.

The largest potential for demand response is in heavy industry (e.g. metals), which is increasingly
phased out in The Netherlands. Still, significant potential remains, typically at lower cost than
residential demand response.

Table 3-5 Demand-side management

Il nvest ment s: see net wor ks for
billion %)

Variable costs increase with demand.

Main characteristics

Mainly useful for short -term and mid -term flexibility

Short-term and cost -efficient solution, additional potenti  al for
General application possibilities complete shut-down in minutes, but at much higher costs
(value of lost load)

Development of potential relies on electricity cost sensitivity
and on price spreads in the electricity market. In The
Netherlands however, current overcapacity prevents price
peaks.

In most of the industrial entities, the high organisational
effort is not worth the cost savings by shifting demand to low
General application limitations price hours.
Potential barriers for DSM can be uncertain potential, quality
losses in products, short period of shifting, structure of

demand (efficient usage of production capacity).

Many technologies with high DSM potential, such as electric
vehicles and heat pumps, have hardly entered the market.

Smart grids research in The Netherlands is well -developed.

Specific advantages of application in The development of an electric vehicle infrastructure and the
the Netherlands penetration of EVs in the Dutch market are relatively
advanced.

o o The largest potential for demand response is in heavy industry
Specific disadvantages of application ) )
. (e.g. metals), of which the future in the Netherlands and
in the Netherl ands

Europe is far from certain.

%3 Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en
aanbevelingen van de Taskforce Intelligente Netten
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3.2.3 Increasing network capacity
The power transmission and distribution networks can form a constraint to matching supply and
demand. Power system transmission and distribution networks thus are a key enabler of flexibility in
the system. Network strengthening is relevant for short -term, mid -term and long -term flexibility.
Strengthening the network reduces congestion by allowing netting or offsetting changes in generation
over larger geographic areas. Netting can be done on a local, regional, national or international level.
Netting on a local level reduces the need for investments in high voltage lines and vice versa. There is a
debate ongoing about the economically optimal geographical level of netting.

In general, demand response is seen as an economically sound option to deliver flexibility on the long

term. According to the Eup20p0edemandiesponse cas saweB3@®o0R o0 ad m
required back up capacity % To realise 60% RES in Europe, the required back up capacity would be 205

GW without demand response and 120 GW with DSM, a difference of 85 GW?®. This corresponds to about

2.5 GW of back up (gas) capacity in The Netherlands.

Distribution networks (low/medium voltage)

On a |l ocal |l evel, investments would be needed to all ow
gridd. Although there does not seeémchsHo bésamokeéai mpefia
characteristic is a two -way flow of electricity and information enabling the capability to monitor

everything from power plants, to sun and wind forecasts, to electricity meters and individual

appliances. A smart grid incorporates digital communications to deliver real -time information thereby

enabling the balance of supply and demand.

The estimated investments required in to enable a smart grid are *:

- Lowvotage network 02.8 billion
- Medium voltage network: 01 billion
- G ass fibre network: 01 billion

These numbers are indicative, higher estimates are also seen 57,

High voltage transmission lines

When it comes to the high voltage transmission lines, cross -border lines are particularly interesting for

adding flexibility to the system. This improves or creates a connection with adjacent power markets

with different power mixes and thus different dynamics, thus providing good opportunities for netting.

A cable to Norway, a country with huge hydro storage reservoirs, is even more interesting for bringing

flexibility and reliability to the system. For this reason, the Dutch and Norwegian TSOs have already

constructed the so called NorNed cable. A second cable, NorNed2, is seriously considered but not
expected to be built before 2022 ®. The investment costs of this-700 MW ca
650 million.

* EC, 2011, 'Energy roadmap 2050' (COM(2011) 885 final of 15 December

* Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en
aanbevelingen van de Taskforce Intelligente Netten

% Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en
aanbevelingen van de Taskforce Intelligente Netten

" EPRI, 2011, Estimating the Costs and Benefits of the Smart Grid A Preliminary Estimate of the Investment
Requirements and the Resultant Benefits of a Fully Functioning Smart Grid, EPRI, Palo Alto, CA: 2011

%8 http://www.energeia.nl/preview/1422-Statnett-herziet-strategie-interconnectoren-Norned-2-op-de-lange-baan. html
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Grid investments are capital intensive. Overhead lines (OHL) are the cheapest transmission technology

witht he | ifetime cost estimates varying between 2md/ km an
cable (UGC), direct buried, is the next cheapest technology after overhead line, with the lifetime cost

estimates varying bet we e’ The hvesmiehtkimtheshigtlvolade transmissiom

lines needed to enable a smaft grid are estimated at @1

As explained in section 2. 2, each country uses its own strength in providing flexibility to its electricity
system. Very few regions possess enough che@ potential to provide the amount of flexibility that is
needed. Therefore it will be prohibitively expensive if the flexibility issue would be solved at a local or
national level because new and expensive technologies would be needed. In contrast, sharing existing
flexibility resources among regions and countries can help to buffer variable renewable electricity
generation in a cost -efficient manner.

A recent paper by Steigenberger & Grotewold explains how increased interconnection is crucial for the
integration of variable renewables in the EU power system .. Connecting the countries not only allows
efficient use of flexibility options but also reduces the need for flexibility. Both demand and supply will
be netted to some extent. Weather patterns are no t the same all over Europe. When wind blows at the
Atlantic coast, it might be calm in Hungary; when the sun is shining in the South, it might be cloudy in
the North. The ability to trade electricity between regions allows us to mobilise and better use the
resources in all parts of Europe. Tapping into the Eastern European biomass potential, for instance, or
shifting loads in industrial centres in order to reduce peak demand can be efficient measures to

stabilise the system. The abundant hydro capacity in S candinavia and the Alps could play an important
role in balancing continental European power supply.

Furthermore, the total amount of capacity needed to ensure system reliability can be reduced by
cooperation. Because people in Spain, Poland and The Netherlands sleep, work and cook at different
times and because power systems function under different conditions, load curves vary between
regions. Therefore, cumulated peak demand is lower than the sum of national peak demands, which
means that ensuring the secure supply of electricity at any time becomes easier and cheaper when
countries cooperate.

The figure below shows the required balancing reserves (GWh/yr) in 2010 and 2020, in a situation
without (red) and with (blue) integration of the energy markets a  round the North Sea basin.

% parsons Brinckerhoff, 2012, Electricity Transmission Costing Study - An Independent Report Endorsed by the

Institution of Engineering & Technology

% Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en

aanbevelingen van de Taskforce Intelligente Netten

®Steigenberger & Grotewol d, 2014, Why Germanyo6s Energi ewende R
Steigenberger of Agora Energiewende, Lars Grotewold of Stiftung Mercator, Global Policy Volume 5. Supplement 1.

October 2014
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Figure 3-3 Country wise annual balancing reserve allocation®

Exchange Exchange
0 0
3190 6340
NL
2010
494
BE Cases: HE Cases:
182 no integration 619 no integration
171 full integration 301 full integration
(a) 2010 (b) 2020

Cooperation makes the energy transition easier and cheaper, expanding the transmission grid is thus

critical . Invest ments in interconnection are already needed and
Energy Market (IEM). Hence, the business case for additional interconnection from a flexibility

perspective is very strong, since the investments are already accounted for.

Advantages and disadvantages of application in the Netherlands

The Netherlands has no specific objectives as to specifically required grid reinforcements or expansions
to accommodate further growth of renewable energies. What is worse, grid operato rs in The
Netherlands are not allowed to pre -invest anticipating on accelerated development of RES installations.
They are therefore inevitably lagging behind with the adaptation of the grid to the new circumstances,
since lead times of grid investments ar e much longer than RES projects®. The consequence of the
delayed grid development process without counteraction can be insufficient grid capacities.

Grid investments can enable electricity exports and provide flexibility services to countries surrounding
The Netherlands. Belgium and the UK are already experiencing capacity shortage ®°. Capacity shortage
may also increasingly become an issue in Germany with the phase out of the nuclear power plants. In

times of shortage (and thus high prices) in these countr ies, the excess Dutch capacity can serve as back
up.

Interconnection investments can also enable cheap electricity imports from mainly Germany in times of
excess electricity production. The existing and planned interconnection to Norway allows The
Netherlands to tap into the vast Norwegian (pumped) hydro potential.

%2 Graabak, H., 2014, Norwegian hydropower for balancing of intermittent renewables, potential and market aspects,

Ingeborg Graabak, SINTEF Energy Research, conference on Intermittent Renewables, Balancing Power and Electricity

Market Design, Hardingasete, Norway 25-27 August 2014

®Steigenberger & Grotewol d, 2014, Why Germanyo6s Energi ewende R
Steigenberger of Agora Energiewende, Lars Grotewold of Stiftung Mercator, Global Policy Volume 5. Supplement 1.

October 2014

% Eclareon, 2011, Integration of electricity from renewables to the electricity grid and to the electricity market

INTEGRATION National report: Country report Netherlands, Client: DG Energy

% Although particularly in Belgium this is not related to RES

40



The Balance of Power & Flexibility Options for the Dutch Electricity Market Tr.i p | e ’

Overhead transmission lines often face public resistance. This has caused a recent decision of the Dutch
government that overhead lines are no longer allowed near residences. This forms a compl icating factor
for some high voltage grid investments. Investment costs of underground cables are a factor 5 higher.

The current tariff structure for electricity networks does not incentivise smart behaviour and
investments®. Some argue that a market for transport capacity could help to alleviate congestions.
Instead of fixed transport fees, the tariffs then vary with the degree of grid congestion. This then
provides an incentive to grid users to change their transport needs accordingly.

The current Dut ch grid is functioning well without too serious congestions, although there are already
situations where a concentration of heat pumps leads to power outage on a local level. Significant
investments are not immediately needed, but given the long lead -times of these projects it is essential
to start planning the required grid investments . Large parts of the grid are scheduled to be replaced
in the medium (10 years) and long term (10 -30 years). In scheduled construction or deep renovation
projects, there is a choice between grid reinforcement or investing in smart distribution networks. The

second option will be slightly more expensive, but will yield more benefits .

Table 3-6 Increasing network capacity

- Overhead Line (OHL) 24 mG/ km
Underground cable (UGC) 162 0 ma/ k m
- Smart grid investments ®:
Hi gh voltage grid: 01 billio
Main characteristics Medi um voltage grid: a1 bill
Low voltage grid: 02.8 billi
- Grid investments on all levels (low -medium-high voltage) are
a key enabler for flexibility on all timeframes (short  -mid-
long)
- Interconnection investments allow coupling of power

markets: day-ahead, intra -day, balancing.
General application possibilities - Investments in the internal grid (low -medium and high
voltage) allow for the development of a smart grid and thus

enable demand side management.

o - High upfront costs and no efficient market based cost
General application limitations ]
allocation.

- The Netherlands is surrounded by countries where capacity

shortage is expected on the short term (BE, UK) or medium
Specific advantages of application in term (DE). Grid investments can enable electricity exports
the Netherlands and provide flexibility services to our surrounding countries.
- Interconnection investments can enable cheap electricity

imports from mainly Germany in times of excess electricity

% Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en
aanbevelingen van de Taskforce Intelligente Netten

%7 Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en
aanbevelingen van de Taskforce Intelligente Netten

%8 CE Delft (2012) Maatschappelijke kosten en baten van intelligente netten

% Ministerie van Economische Zaken, 2010, Op weg naar intelligente netten in Nederland. Conclusies en
aanbevelingen van de Taskforce Intelligente Netten
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production.
- Interconnection to Norway allows The Netherlands to tap
into the vast Norwegian (pumped) hydro potential.

- Grid operators in The Netherlands are not allowed to pre -
invest anticipating on accelerated development of RES

o o installations leading to capacity shortages.
Specific disadvantages of application L . L
) - A complicating factor for some high voltage grid investments
in the Netherlands ) o
might be the recent deci sion of the Dutch government that

overhead lines are no longer allowed near residences.

Investment costs of underground cables are a factor 5 higher.

3.2.4 Storage
As explained in the introduction, energy storage can bring both additional supply and additiona |
demand into the system, allowing the time -shifting of energy between periods of over - and under
supply from variable renewables.

Pumped storage

Pumped hydro stores energy mechanically by using electricity to pump water from a lower reservoir to

an upper reservoir. Subsequently energy can be recovered at any desired moment by allowing the water
to flow back via turbines, thereby producing power in a similar way as traditional hydro power plants.
With 129 GW of installed capacity worldwide and 42 GW in the EU, pumped hydro storage (pumped
storage) is the most prevalent and mature energy storage technology. Initial investment costs tend to

be high, however operational costs are low.

Hydropower contributes to grid stability by providing flexibility, as spi  nning turbines can be ramped up
more rapidly than any other generation source. Hydropower can also provide other grid services,
including obl ack st a-witedbladk-smysotcirl’. Frony thevstorage optjons, tdday,

only pumped hydro is able to facilitate grid scale RES integration "%,

The Netherlands is connected to the vast hydro reservoirs of Norway with a 700 MW cable, called the
NorNed cable. The seasonal inflow of water and the peaks in wind production appear to match
perfectly (see figur e below).

" |JRENA, 2012, Renewable Power Generation Costs in 2012: An Overview.
™ JRC, 2013, Technology Aspects of the Energy Transition, Stathis Peteves, Head of Unit, Energy Systems Evaluation
Unit, Scientific Support to the Energy Mix, 8-Nov-2013
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Figure 3-4 Monthly variability of wind power production in the North Sea (left axis) compared to energy inflow

in Norway (right axis)”
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The capacity in the Norwegian hydropower system can be in creased from 30 GW to 50 GW in the future.
The increase requires no increase in reservoir capacity *>,

However, the option is politically and socially difficult. Whereas a connection to Norway would

decrease electricity costs in The Netherlands (see modellin g results), electricity costs in Norway might
increase. Moreover, most hydro reservoirs are located in the north of Norway. Increased connection

with The Netherlands thus requires more high voltage lines through the Norwegian landscape.

Traditional pumpe d storage is not possible in The Netherlands due to a lack of elevation in the terrain.
By connecting to Norway, the Dutch power system can benefit from the Norwegian hydro reservoirs. An
alternative was presented in 1981 by an engineer called Lievense. Th e plan, known as Plan Lievense,
consists of an artificial 8km by 4km island in the North Sea, which will comprise a 40m -deep open pit
that will be enclosed by a ring of dykes. Up to 500MW of wind turbines could be installed on these
dykes, as well as other renewable energy sources. The installed capacity of the pumped storage would
amount to 1500MW and the storage capacity of the lake would top 20GWh. The investment costs are
estimated t8 be 2.45 b

CAES

In compressed air energy storage (CAES), energy $ stored by running electric motors to compress air
into enclosed volumes. The electrical energy is recreated when the stored compressed air is fed into
the let of a combustion turbine. The combustion turbine consumes some fossil fuel in its operation, but
the compressed air at its inlet reduces the work of the combustion turbine that can generate almost
three times the energy of a similarly sized conventional gas turbine. Key barriers to the technology are
its efficiency, high capital costs and the specif ic siting requirements needed.

Abandoned gas reservoirs and particularly salt caverns are suitable for installing CAES facilities. The
Netherlands has many of these suitable locations. Conventional CAES is currently reaching maturity;
more advanced varieties like adiabatic CAES are still in the development and piloting phase.

2 Graabak, H., 2014, Norwegian hydropower for balancing of intermittent renewables, potential and market aspects,

Iggeborg Graabak, SINTEF Energy Research, conference on Intermittent Renewables, Balancing Power and Electricity
Ibid.

™ http:/fwww.we-at-sea.org/wp-content/uploads/2010/06/Day-2-session-3b-Energy-Island. pdf
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Batteries
Batteries refer to electrochemical energy storage technologies that convert electricity to chemical
potential for storage and then back to electricity. Batteries can be bro  ken down into three main
categories:

1 Conventional batteries that are composed with cells which contain two electrodes (e.g. lead

acid, lithium ion) ;
1 High temperature batteries that store electricity in molten salt (e.g. NAS );
1 Flow batteries that make use o f electrolyte liquids in tanks (e.g. Zn/Br Redox, FE/Cr Redox ).

Few battery technologies are currently commercially available for flexibility services. Batteries are
currently only economically interesting for short -term flexibility/balancing, for whicht  here is hardly an
additional need. However, the share of fossil fuel powered generation, which currently provides

balancing services, will decrease in the future energy mix. Batteries might become an interesting
replacement at that point for providing bala ncing services.

Power to gas

Power to gas is the functional description of the conversion of electrical power into a gaseous energy
carrier (e.g. hydrogen or methane ). The procedure consists of two steps: Electricity (usually assumedto
come from Gexcess production of intermittent  power sources like wind or solar) is used in a

electrol yser to split water into hydrogen and oxygen. Hydrogen is combined with carbon -dioxide to
create methane. Methane is the main constituent of natural gas and therefore can  be injected (up to a
certain amount, estimates range between 0 8 10%)to the existing infrastructure for natural gas (grid

and storage). The high storage capacity of the gas grid could then be used for medium - and long-term
storage purposes. The formed synthetic gas can be used not only in the power and heating systems but
also as fuel in the transportation sector after being further converted to methanol or butanol " or as
input in the chemical industry .

In the Netherlands there are some small -scale pilot projects ongoing’’. Most research takes place in
Germany where a 6 MW German plant began operation in 2013. Joint multinational initiatives like the
North Sea Powerto-Gas Platform™ also exist. Key strength of chemical storage over some of the other
technologies is its high energy density compared to most of the other technologies and its high shifting
period. Other benefits of this technology are the possibility to use the existing natural gas grid
infrastructure, the possibility to use the end products i n different sectors, the opportunity to recycle
large amount of CO2 in an alternative way than Carbon Capture and Storage (CCS)’°. For example, by
using output CO2 from factories for the formation of the methane. Key barrier s are the low efficiency ,
assumpi on of 0 c he aandhigh CAPEXAdtarnativ esyto, the thermochemical methanisa tion
process are also investigated, claiming lower capital and operating costs . Although costs are thus still
high, technological learning is expected to bring these d own in the future. The expectation is that the

" Deutsche Welle (2014) 'Power-to-gas' may solve renewables storage challenge, http://www.dw.de/power-to-gas-

may-solve-renewables-storage-challenge/a-17754416

" Fraunhofer ISE (2014) Power-to-gas http://www.ise.fraunhofer.de/en/business-areas/system-integration-and-grids-

electricity-heat-gas/research-topics/power-to-gas/power-to-gas; in addition a good presentation as was given by Prof.

Dr. Sterner, arenowed Power-to-Gas (PtG) expert. He recorded his presentation for the SCOT "CO2-to-fuel" workshop

ngth of February 2015). The presentation can be found here: http://www.power-to-gas.de/mp4/Talk_PTG_Sterner.mp4
" For example in Rozenburg (as done by Stedin and DNV GL)

®"The platformés goal i s ai mso-gasan the gopntriesrs@rounding thevNorthISéalarea-y of power

http://www.northseapowertogas.com/about-us

" Sunfire (2014) Power-to-gas http://iwww.sunfire.de/en/produkte/fuel/power-to-gas-methanisierung

8 http://www.electrochaea.com/
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application of power -to-gas in the chemical sector will continue to grow, driving down costs. At some
point, costs will have decrease while the need for flexibility has increased. At this point, power  -to-gas
may become economically attractive to provide medium to long term flexibility services. This is not
expected before 2030.

Power to heat

One possibility to increase the flexibility of demand is the conversion of an exc ess of electricity

generation into heat energy. This allows for a partial uncoupling of production and consumption

throughheat storage. This pto-beatsd. i €ombi hieng 6ploewemal storac
heat has the potential to substantiall y increase the flexibility of the power system.

There are several ways to convert power into heat. One option is direct resistance heating: an electric
current through a resistor converts electrical energy into heat energy. Heat pumps offer a more
efficient technology to convert electricity to ~ heat. Heat pumps effectively move heat energy from a
source (e.g., ambient air) to the end use or storage. In a reversed form, heat pumps are used in
refrigerators or rooms (air conditioning) to remove heat and thus effectively cool these spaces.
Flexibility is provided by selectively energizing heaters and storing the generated heat for later use.

The | EA concludes in a 2014 study that the addition of
can provide an added level of flexibility to regulate e lectricity and heat outputs while minimising
energy losse$™. The supplementing of a CHP plant with a district heating storage system or heat
accumulator enables the operation of a CHP plant to be more efficient and flexible. Heat accumulators
are normally atmospheric hot water based vessels, dimensioned according to the size and needs of the
district heating network. A fast dispatching CHP plant can be operated to counter variations in the
production of renewable power. In wind power intensive systems, wher e electricity prices might even
turn negative, e.g. during nights with high wind speed, and there is overproduction in the electrical
system, electric boilers can be an excellent complement to charge the heat accumulator. Such a system
enables optimal oper ation in varying market conditions at a total efficiency of over 90% . The size of
the thermal storage typically allows for mid -term flexibility services.

In Denmark, a country with a high share of wind power, thermal power stations are already equipped

with 325MW of combined electric heating capacity . A 2011 study found that installing 900 MW of heat

pumps and a further 1500 MW of electric heaters can reduce Danish power exports on an annual basis

from 2.9 to 0.8 TWh. o0l n o nabsorbawsignificre part of thevar@tidis ofs y st ems ¢
the wind power 6

Compared to the often discussed Power-to-Gas technology, Power-to-heat is already available at
comparably low costs®. The Power-to-heat technology is well -suited for the provision of bal ancing
power. According to a German study, Power -to-heat plants can pay back investment costs in less than

one year by just providing negative secondary reserve.

8 OECDI/IEA 2014. Linking Heat and Electricity Systems

8 \Wartsila, 2012, Smart Power Generation i District heating solutions Authors: Niklas Haga, Veikko Kortela, Anders
Ahnger

8 http://www.energienieuws.info/2013/10/kansen-voor-wkk-en-warmte-op.html

8 Bach, P., 2011, Wind Power and District Heating: New business opportunity for CHP systems: sale of balancing
services: http://pfbach.dk/firma_pfb/forgotten_flexibility_of _chp_2011 03_23.pdf

% Bottger, M., et al., 2014, Potential of the Power-to-Heat Technology in District Heating Grids in Germany, Diana
Bottger, Mario G6tz, Nelly Lehra, Hendrik Kondziella, Thomas Bruckner, Energy Procedia 46 (2014 ) 246 i 253
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Advantages and disadvantages of application in the Netherlands

The most mature and economicall y interesting storage option at this point, pumped hydro, is not

applicable in The Netherlands in its traditional form due to geographical (elevation) constraints.

Al ternative plans such as the infamous 6Pl an Lieve

There are several sites in The Netherlands where CAES could be implemented, mainly salt caverns but

also empty gas reservoirs. CAES is a potentially interesting storage option for the more distant (beyond

2030) future.

The Dutch CHP plants in the horticulture and resi dential sectors provide good opportunities for use of

power-to-heat to provide flexibility. Moreover, the largest share of CHP capacity is located near the

western shore, where also the largest offshore wind parks are planned . A Danish author concludes

that the use of CHP for flexibility could inspire are -evaluation of the future role of the Danish CHP

plants, which face dike the Dutch CHP plants- increasingly tough competition in the electricity market.
00t her wi se, there is aergrovahinwind power DanishtCHRIplaets willdacef ur t h
closure and the countryds electricity system wil/l

bal anci ng?¥ theauthor wites 6

The well-developed gas infrastructure and industry in The Netherlan ds could prove an asset in the

future, when costs of power -to-gas have decreased and demand for flexibility has increased.

Table 3-7 Storage

Main characteristics

- Storage options range from very costly (ad vanced batteries)
to relatively cheap (pumped hydro)

- For each flexibility timeframe there is one or more matching
flexibility option.

General application possibilities

- Storage can be used in times of excess supply and in times
of excess demand.

- Pumped hydro and potentially CAES can provide the
majority of required flexibility services. Balancing needs
may in the future be covered by batteries (or flywheels).

General application limitations

- The most economically viable storage options are limited by
geographical constraints. Pumped hydro needs differences
in altitude and CAES needs suitable reservoirs for the
compressed air.

- Grid investments threaten the business case for storage. The
Dutch internal grid and cross border connections are well

developed and will improve in the future.

Specific advantages of application in
the Netherlands

- There are several sites in The Netherlands where CAES could
be implemented, which is a potentially interesting storage
option for the more distant (2030) futu re.

- The Dutch CHP plants used for horticulture and district

heating offer good potential for using power -to-heat to

& http://www.government.nl/news/2013/12/20/government-designates-new-areas-for-offshore-wind-farms.html|
8 Bach, P., 2011, Wind Power and District Heating: New business opportunity for CHP systems: sale of balancing
services: http://pfbach.dk/firma_pfb/forgotten_flexibility_of chp_2011_03_23.pdf, p.4
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provide flexibility. Moreover, the glasshouses are mostly
located near the western shore, where also the largest
offshore wind parks are p lanned.

- The well-developed gas infrastructure and industry in The
Netherlands could prove an asset in the future, when costs
of power -to-gas have decreased and demand for flexibility
has increased.

Specific disadvantages of application
in the Netherlan ds

- The most mature and economically interesting storage
option at this point, pumped hydro, is not applicable in  the
Netherlands in its traditional form due to geographical
(elevation) constraints.

Comparison of flexibility options

After discussing the merits of each flexibility option individually, we will put them in broader

perspective in this section, comparing costs

Technical capabilities

The various flexibility options provide differe

, revenues and potential.

nt services, depending on their char  acteristics such as

response time, ramping rate and capacity. Some flexibility options could provide balancing services,

whereas others cannot. The figure below demonstrates that flywheels and batteries are storage

technologies that can provide primary (re ferred to as frequency containment in the figure) reserve, but

they are not useful for the secondary and tertiary reserve. CAES can provide tertiary reserves, but is

not suited to provide secondary balancing services.

Figure 3-5 Balancing services linked to typical storage technologies®

Frequenc, -
CFreq:.Jency q ¥ RFl el-quency \ Intradgg
ontainment Restoration eplacement Markets
Reserve Reserve
Reserve
-
305/ 15min 5 min / 1h 15min /1h >1h '
L
Flywheels [ CAES '
Batteries

PHS -

The figure below indicates for a range of flexibility options the ability to provide flexibility services in

different operational timeframes: short term flexibility (bala ~ ncing markets with a timeframe of up to

one hour), mid -term flexibility (spot markets
seasonal variations). The degree of shading
flexibilit y in that timeframe.

- up to days), and long term flexibility (future contracts &
indicates the suitability of the technology to provide

8 JRC, 2013, Assessing Storage Value in Electricity Markets: A literature review
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Figure 3-6 Comparative assessment of the characteristics of flexibility options in different operational
timeframes (bold/underscore technologies are mature)®

Short term flexibility Mid term flexibility Long term flexibility

Lignite Lower ST/MT flex potential, unit commitment constraints B |
Nuclear Lower ST/MT flex potential, unit commitment constraints -
Coal Lower ST flex potential, unit commitment constraintsm
CCGT Flex mode can be enhan

4| ocer

74 ICE Flexible ~high variable costs, emissions
Large CHP Constrained due to primary operation I
Micro CHP Constrained due to primary operation B ]
Biogas High variable costs, limited local supply
VRES APC ch
Industrial DR
Small scale DR
IR S  Constrained by transport sector/primary ope
Heat pumps |_Constrained by heat sector/primary operati
Electric heating | Constrained by heat sector, low efficiency
Pumped Hydro

ol AA-CAES

= LSO oo hich investment.cos

7l Batteries hnology development needed for efficiency improvement

Power to gas Low efficiency — option for seasonal storage B ]

The above figure does not include RES curtailment and network strengthening. RES curtailment can
provide flexibility on all timeframes, although its use for frequency containment is limited.

Network strengthening is a key enabler for many of the flexibility options and is thusr  elevant for short -
term, mid -term and long -term flexibility.

The potential of the flexibility options varies according to geography, resources and the structure of the
economy®™. The potential of pumped storage in The Netherlands for instance is limited by ~ the capacity
of the NorNed cable (700 MW). Also, the sites where CAES could be installed are not infinite, though
readily available in The Netherlands with abundant salt caverns. The potential of demand response is
arguably close to infinite, since virtua Ily any consumption of energy could be bought off against a high
enough price.

It is clear from the analysis of the individual options that none  of the flexibility options can provide the
solution on its own. A recent OECD/IEA study (2014) concludesthat o nei t her opting for the

% Ecofys, 2014, Flexibility options in electricity systems

®Steigenberger & Grotewol dgiewénfelRéminds\Us pf the ¥intuesaiCpaperatidd,Markus
Steigenberger of Agora Energiewende, Lars Grotewold of Stiftung Mercator, Global Policy Volume 5. Supplement 1.
October 2014
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option nor pursuing only the option with the bestcost -benef it per f or m&nMikethevi | | suf fic
different resources can substitute for each other under many circumstances, certain integration issues

may only be addressed by some of them. A few examples: Large offshore wind parks can only be

integrated with investments in transmission infrastructure, but integrating small scale decentralised

renewables asks for distributed options such as customer -side demand response a small scale storage.

Flexible plants can step in when wind or solar power is not available, but cannot avoid RES curtailment

once net load becomes negative while storage can. Curtailment of renewables can help to reduce

situations of generation surplus, but it does not help resolving situations of very low wind power and

solar PV output. These examples underline that all types of flexibility options are needed to meet the

future flexibility requirements, as illustrated in the figure below:

Figure 3-7 Flexibility gap in European electricity systems with different shares of VRES*
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3.3.2 Costs and revenues
The options and associated costs to increase flexibility are very system -specific*®. The costs of
increasing fle xibility of the existing power plant fleet depend strongly on the current energy mix.
Increasing the flexibility of the primarily nuclear based French power plants will for instance prove
much more costly than increasing the flexibility of the largely gas -fired Dutch power plant fleet.
Installing pumped storage in the French Alps is much cheaper than an artificial pumped storage
reservoir in The Netherlands.

Moreover, one should be cautious with a one -on-one comparison of costs. Because the various flexib ility
options provide different services, as explained in the previous paragraph, they have thus different
revenue streams. A MWh of electricity sold in the balancing market may yield much more revenues that

a MWh sold in the day-ahead market. Electricity prices tend to be more volatile and higher on average

when zero hour approaches.

More costly options are therefore n ot necessarily less economic under the condition that they can yield
revenues from the imbalance markets. Different scenarios with differe  nt flexibility needs
(hourly/daily/weekly/seasonal) will thus lead to different economics of the flexibility options. CE Delft

" OECDIIEA, 2014, The Power of Transformation - Wind, Sun and the Economics of Flexible Power Systems,

February 2014, 238 pages, ISBN PRINT 978-92-64-20802-5 / WEB 978-92-64-20803-2

2 Ecofys, 2014, Flexibility options in electricity systems

®NREL/21CPP 2014 fAFlexibility in 21st Ce mérghip.#4pp.oNRELr Systemsi,
Report No. TP-6A20-61721
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demonstrated this in a simulation of the Dutch electricity market in 2025 % for various demand and
supply scenarios. The results in the following diagrams illustrate how the costs of flexibility options vary
with the scenarios:

Figure3-8Fl exi bi l ity costs (in G/ MWh) corfparison for 4 options
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Bearing in mind that cos ts are very system-specific, it is still interesting to provide an indication of how
the costs of the various flexibility options roughly compare. Since cost ranges are wide, the NREL only
provides relative costs. These are presented in figure 3 -9.:

 Assuming full implementation of the SER Energieakkoord/energy covenant
° CE Delft, 2014, Match van vraag en aanbod - Globale verkenning van oplossingen, kosten en markt - Notitie, Delft,
april 2014, Opgesteld door: F.J. (Frans) Rooijers A. (Ab) de Buck H.J. (Harry) Croezen B.E. (Bettina) Kampman
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Figure 3-9 Relative costs of flexibility options. Relative costs are illustrative, as actual costs are system dependent o

®NREL/21CPP 2014 fAFlexibility in 21st Century Power Systef0617221st Century Power Partnership.
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