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Executive Summary

Introduction

Electricitystorage systems are a cornerstone within the European Union’s energy policies to
“ensuresecure, affordable and climate-friendly energy for EU citizens and businesses”.
(European Commission, 2016) Theywillplaya keyroleinenablingEuropeto reachits objec-
tives in the energy sector.

Electricitystorage systems (ESS) represent a flexible element within the electricity system
alongside demand response, flexible generation and grid connections and has bearings on
otherstakeholders suchas operators of generation units, grid operators and consumers. All
electricity supply systems require flexibility, but predominantly renewable electricity sup-
pliedsystems need more thanothers. Hence, thereis a need for additionalflexibilityin most
cases whenanelectricity supply systemis transformed to a mainlyrenewables-based one.

This study dealswith the needforandtechnical potential of storageand the economicim-

pactofenergystorage system(ESS)operationonotherelectricity system stakeholders. It
represents a further developmentand completion of the ELSA deliverable D5.1 published in

July 2016.
Impacts of ESS on other parts of the electricity system and its stakeholders

On an operation level, battery storage systems can be used to provide operating reserve and
can ensurethatthe grid is balanced for several hours when it comesto intra-daydeviations
from forecasted (renewable) generation or demand. Further, theycan be used as an alterna-
tive to redispatch of power plants orevenassistingblackstart of power plants. Inthe medi-
um and long term, batterystorage systems can change the need forinvestment in back-up
generation plants and grid lines.

Forconsumers / prosumer, battery storage systems can generate a monetary benefit by flat-
tening the electricity consumption load curve, reduce the operational risk of power interrup-
tions, andincrease the quote of self-consumptionandautarkyincombination with, for ex-
ample, a photovoltaic system. These operations might have a more orlesspositive orsome-

timesevennegative impact on other stakeholders and the overall electricity system.
The need for storage

The needforstorage or other flexibility options in a given area is dependent onthe topology
and grid within this area and on the capacity of the power connections crossing the area’s
boundary. If the latterare strongenough, there might be verylittle need for flexibility within
the areaitself, because the balance between generationand consumptioncan be achieved
bysimplyadapting powerimports and exports accordingly. Thisis even possibleiftheshare

of fluctuating renewable power generation is very high.
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A numberof model calculations exist whichdetermine the need for storage for different
shares ofrenewable powerforvarious European regions or wider areas of Europe and
neighbouring countries. Severalof them investigate the extreme case of 100 % supply by a
mixof PV and wind powerand calculate for which mixthe need for storage takes a mini-
mum. As PV and wind power are both fluctuating sources, thisis an extreme case and the
minimum amount of storage obtained for this case is presumably higherthan for any other
generation mix. Nevertheless, the need forstorage foundforsuchscenarios is small com-
pared to theannualenergydemand inthe investigated area. Most of the required storage in
terms of energyis long-term storage and onlya modest short-termenergy storage need is
found which canbe met with batterysystems. Incontrast to the small amount ofshort-term
storage capacityinterms of energy, a high share of fluctuating renewablesinthe generation
miximplies a highneed forstorageinterms of power. Thisis becauseincase ofzero PV and
zerowind power, the peakpowerdemandintheregionmust be met bya combination of
short-term andlong-term storage units for some time. Demand control canreduce the peak
demand, but basicallythe storage units must be able to provide the peak power.

A common findingof these modelcalculations with regard to long-term storage is thatit
increasesverymodestlyfor renewable shares upto 80 % andverysteeply between 80 % and
100 %. This fits with what canbe observedinareas which have a highshare of renewables
alreadytoday. In Germanyforinstance, the annual average share ofrenewables was 32.6 %
in 2015 outofwhich21.1% were PVandwindenergy, butthe contribution of PV and wind
powerisverycloseto 100% in some hours. Negative priceson the electricity market indi-
cate a clearlack of flexibilityin these moments, while the existing flexibility of the system,
basicallyensured bygeneration control of thermal power plantsand pumped hydro energy

storage, is sufficient during most of the year.

However, a crucial pointis thatthese model calculations systematically underestimate the
need for s hort-term flexibility because imbalances are time-scales smaller than the time-step
are blurred out. Furthermore, imbalances over distances smaller thanthe spatial celldiame-
terare blurred out, because the models dogenerallynot map the real electric network op-
erating resources. Ifthe latterare takeninto account, a higher need for short-term storage
becomes apparentandbatterystorage systems are the mostsuitable option to meet this
becausetheycan deal with a broad range of required services better and more cost-
effectivelythan other flexibility options. In quite a number ofcases, batteries arealso more
cost-effective alreadytodaythan reinforcement of electric network operating resources, at
least until the next regularreplacement of existing equipment.
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The technical potential for ELSA-type ESS

There is a perfect synergy between vehicle stockelectrification and the energy transition
towards predominantlyrenewable generationif ve hicle batteriesgeta 2™ ife in stationa ry
grid-connected applications. Even ata modest ve hicle stock electrification rate of afew per-
centanda mediumbatteryreuse rate of 50 % the potential of ELSA-type ESSis higher than
the present pumped hydrostorage potential, notablyin terms of power. ELSA-type ESS can
provide a significant contribution to the short-termstorage needed in electricity systems
with a highrate of fluctuatingrenewable power generation—up to 50 % of the battery stor-
age whichwillbe neededforanoptimised 100 % renewable electricity supply of the EU +
Norway+ Island + Switzerland + Balkan Countries + Ukraine + Turkey according to a recent
model calculation.

The economic impact of ELSA-type ESS

In the transitiontowards a predominantly renewable electricity system, ELSA-type ESS can
generatesignificantvalue to the overall electricity system, i.e. lower the overall costs of
electricitysupply. In the case ofthe UK, consideringthat the carbon target for 2030 is to be
achieved mainly by renewable electricity generation, the value of ELSA-type ESSis more than
twice the costs of ELSA-type ESS. Notably, operation cost of conventional back-up power
plants can be reducedthanks to ESLA-type ESS avoiding curtailment of renewable electricity
generation. Further, investments in conventional back-up units and the distribution grid can
be avoided if ELSA-type ESS are installed. It canbe assumedthattheseresults are in princi-

ple transferable from the UK to otherlarge economies in the EU.

The value of an ESSforthe systemdepends onthe operation pattern. Operation patterns
contributing to balance the residual demand, i.e. the difference between the demand and
(fluctuating) renewable electricity generation, thus smoothing the required residual fossil
and nuclear generation, create the highest value, notablybyavoidingconventional back-up
powerplantoperationandbyreducing the required back-up capacity. Thisimplies that ESS
reduce businessopportunitiesfor operators of conventional back-up power plants in the
shortterm. However, most of these plants are fired with naturalgas andwill be needed in
the long term for combustion of synthetic natural gasproduced fromsurplus electricity and
CO,. These gas-powered back-up power plants have a strategicimportance for a transition

towards a highlyrenewable electricity generation with a share of 80 % and beyond.

Further, operation patterns leadingto a more constant power flow in grid linescreate value
byreferringoravoiding grid reinforcements. Here, the impact of ESS is directly beneficial to
grid operators:a more constant power flowleads to a better use ofgridinfrastructureand a

better return on investment.
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Altogether, a mix of quite diverse operation patterns of individual ESS located at different

sites in the electric grid is needed to generate the highest system value.

The maincompetitorto ELSA-type ESS with similarvalue forthe overall electricity system is
demandresponse. Insome cases, provisionof demand response is supported by battery
storage systems and simplyrepresents a s pecificcase of their application. In other cases,
demandresponse uses inherentthermal energy storage capacityor flexibility of industrial

production and might be much cheaperthan batterystorage.
Existing regulatory framework

In Germany, the existing regulations are not a comprehensive regulatory framework. Differ-
entinterpretations cause legal uncertaintiesinthe field of storage systems. The legislator
bodiesrecognizedthis problem andthe frameworkwill be expanded andrefined within the

next years.

Since the electricityis consideredin France as basic necessity, the main concern of the
French government stillfocuses onthe security of electricitysupplyandthe accessibility of
electricity. Thus the electricity tariff, the obligation of purchasing PV electricity, and the elec-
tricity market are still highly regulated in France. Thisregulatory framework seems unhelpful
and hindering to the development and implementation of ELSA services offeron the French
market.

In Italy, the exploitation of electricity storage is still in an early stage with limited possibilities
of usage. However, the countryisinvolvedina deep reformation of the market regulation

framework thatis plannedto switchinits operationalphaseatthebeginning of next year.
Recommendations

Stationary ESS canhave asignificant value forthe overall electricitysystem andcan provide
a significant contribution to ensure cost-effective electricity supply notablyinsystems with a
higherrate of fluctuating renewable electricity generation. For thisreason, a regulatory and
market frameworkshould be created which allows for profitable operation of ESS, whenever
the operation pattern creates a system value which is higher than the ESS costs.

ESS with 2"-life batteries can provide this system value at lower costs than ESS with new
batteries, providedthe costs fordismantling the batteriesfrom the vehicles and installing
them in a 2"-life ESS, and the costs of maintenance and repairdo notovercompensate the
savings achieved byusingznd—life batteries. However, 2"life ESS have a positive environ-
mental impact compared to new ESS thanks to a longer total lifetime of ve hicle batteriesand
thus more efficient use of finalresources(lithiumand others)andgreyenergy(energy used
formanufacturing the batteries) (see ELSAD5.3 and D5.6). Iftheresulting annual costs of
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2" life ESS willturn out to be fi nallyevena bit higherthanthose of new ESS, this positive

environmental impact might be reflected by the regulatory and market framework.

The operation patternof ESShas an impactonthe exact value thatis created forthe overall
electricitysystem. Hence, the regulatoryand market framework should reward operation
patterns with a highersystem value more thanthose witha low one. In first instance, the
following is recommended:

* ESSshouldbegivenfreeaccessto the market and new market mecha-
nisms should be developedinorderto allow deployingthe maximum ben-
efitforthe overall electricity system. This includes notably markets for
smalleramounts of electricenergyand powerandtrade at shorter time-
scale. Aggregationandregional market places should be permitted as
much as possible.

* ESSshouldbepromotedbyremovingfeeson electricity charged or dis-

charged. The exemption from paying fees couldbe made dependent on
the value of the ESS operation for the overall electricity system:

0 Charging might be exemptedifit helps avoidingrenewable energy
curtailment.

0 Dischargingmightbe exempted if it helps avoiding generation at
high cost.

0 Charginganddischargingmight be exempted if it reduces ramp
rates and relatedinefficient operationand stress on material of

conventional thermal power plants.

ESS will most directlyimpact on the operation of mostly natural gas-fired peak and back-up
power plants and might squeeze themout ofthe market. However, these power plants will
be neededagain when larger amounts of synthetic naturalgas from renewable sources will
be available, thatis whenthe share of RES in the electricity generation mix approaches 80 %.
Theywillthenbea cornerstone of the presently onlyavailable long-term storage technology
forthe electricity sector, namely power-to-gas. Hence, a strategyis alsoneeded for natural
gas-powered plants to bridge the gap between a lower need forthem in the shorttermas a
consequence of astrongdeployment of battery storage systems, anda high need for them
in forthcoming predominantlyrenewable energy systems. An element of such a strategy
could betoruleoutlignite and coal power plants, thusincreasing the need for gas power
plants in the short and medium term.
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1 Preface

The integration of electricity storage systemsinthe power supply system is an important
elementofthe European Union’s strategy for the transition towards a lowcarboneconomy.
EU targets and activities inthe field of renewable energies induding energy storage are laid
outin moredetailinthe EU’s 2020 Energy Strategy. The latter defines three quantitative
targets forthe energysectorfor the period from2010 to 2020. The first one is to reduce
greenhouse gasemissions byatleast 20 % comparedto the referenceyear (1990). The sec-
ond oneistoincreasethe share ofrenewable energyin the consumption to 20 %, and the
third priority to improve the energy efficiency by atleast 20 %.

Electridtystorage can provide additional flexibility to ensure generation/demand matching
and gridbalandngforeven larger shares of renewable power generation, thus ensuring
powersupplysecurity, and facilitating climate change abatement, environmental protection,
and independencyfrom fuel imports. At local level, storage canimprove the management of
distribution grids andthe efficient use of operatingresources, thus reducing costs. In this
context, the ELSA project goes evenone step further by demonstrating that 2nd life batter-
ies from electric vehides combined with an innovative energy management systems are a

cost-effective and sustainable option of such storage systems.

In general, stores are elements of energy supply chains, which provide a buffer between two
stages ofthe energysupplychain (Stohr, etal., 2014). Inconventional energysystems, stor-
age happens essentiallyatthe beginning ofthe supply chainin form of fossilfuel stores.In a
renewable energysystem, energyis mainlyprovidedintheform of electricity and storage
systems are needed along the entire supply chain. Batteries are one ofseveral storage tech-
nologies where energyis putinandoutinform ofelectricity. In the past, battery storage
systems were very expensive and, exceptin some cases, could not be applied cost-
effectively. Driven by the activities and developments inthe field of electro-mobility, prices
forbatterystorage systems (esp. lithium-ion-systems) have fallen significantlyin the last
years. At present, the prices ofstationarylithium-ion batterysystems decrease by 20 % per
year.! If this trend continues as experts forecast, system pricesin 2020 will be one third of
thosein2015.2Against thisbackground, it canbe assumed that the attractivenessof battery

applications at different stages of the energy supply chain will increase.

! see e.g. Kai Philipp Kairies, RWTH Aachen, in an interview published on 14 July 2016, http://www.pv-
magazine.de/nachrichten/details/beitrag/rwth-aachen--rasant-sinkende-k osten-treiben-speichermarkt-
auch-in-zukunft-weiter-an 100023775/ [retrieved on 27 July 2016]

2 (1-20%)75 = 32.8%
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Actual model calculations ofthe storage need mappingthe case of 100 % renewable power
supplyatthescale of European countries orregions come out witha rather modest energy
storage capacity need comparedto the annual electricity demand, in particular for short-
term storage, buta rather high needforstorage power compared to the peak power de-
mand. However, these model calculations tend to underestimate inherently the need for
short-term storage inasmuch as theygenerallydo not maptherealelectric network operat-
ingresources. Ifthe latterare takeninto account, a clear need for storage becomes apparent
and batterystorage systems are the most suitable option to meet this because theycan deal
with a broad range of required services better and more cost-effectively than other flexibility
options. In quite a number ofcases, batteries are also more cost-effective already today
than reinforcement of electric network operating resources, atleast until the next regular
replacement of existing equipment. Unfortunately, the need for storage complementing
cost-efficiently network operating resources cannot be quantified yet.

This study(D5.4) is the second out oftwo withinthe ELSA project dealing with the estima-
tion of the efficiencyincrease andthe associated cost reductions achieved by the use of the
ELSA-storage systems inlocal grids related to all demonstrationsites. Itisanup-date of the
firstone (D5.1) and adds notablyaninvestigation of the technical potential of 2" Jife batter-
ies (chapter3.4) andonthe economicimpact of ELSA batterysystems ontheelectricity sys-

tem as awhole, notably on back-up generation capacityandtheelectric grid (chapter 6.2).

Decentralized power generation with a large share ofdirect | ocal distribution to consumers
leads to other grid topologiesthan central power generation, transmission and distribution.
Forthis reason, local grid services become more important as the share of decentralised
generationincreases. Inorderto reflect this paradigm change more clearlyand to stretch
the focus of thisstudy, the economicimpact onthe grid operation, the different possible
applications of batterystorage systems are classified by the grid level at which they are ap-
plied.
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2 Background

2.1 The ELSA project

Decentralised smalland medium-size energy storage systems (ESS) combined to decentral-
ised generation plants canprovide a much greater operating flexibility than today’s large,
centralized energygenerationanddistribution systems. Theycanensure a reliable energy
supplyof buildings and districts and canenable the integration ofa high share of intermit-
tentrenewable energysources. Yet, fewsuch storage solutions are technically mature and
economicallyviable at this stage. Wide-spread application is hindered bythe EU’s and mem-

berstates’ existing legal and regulatory framework.

T
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Figure 1: ELSA architecture, Source: (ELSA consortium, 2015)

Objectives

The project Energy Local Storage Advanced system (ELSA) brings distributed storage solu-
tions to maturity. Its objective is to enable theirintegration into the energy system andtheir
commercial use. ELSAis addressingexistingenergy storage development needs by combin-
ing 2nd life batterieswith aninnovative | ocal ICT-based energy management systemin order
to developa low-cost, scalableand easy-to-deploy battery ESS. These storage solutions are
deployedasenergyservices. Existinglegal and regulatorybarriers are analysedandinterna-
tional standards are pushed forward. Atthe same time, ELSAis developing innovative ser-
vice-oriented business models. Sustainability and socialacceptance are taken into account
through comprehensive life-cycle and socio-economicimpactassessments as well as the
involvement of citizens and stakeholder groups.
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Planned activities

ELSA’s missionis to further develop technologythatis alreadyclose to maturity. ELSA stor-
age systems will be applied in six demonstration sites re presenting severalapplication con-
texts, coveringservices such as grid congestion relief, local grid balancing, peak shaving,
voltage supportandregulation. Several feedbackloops and the constant involvement of
relevant stakeholders will guarantee the optimal implementationat all pilot sites. An evalua-

tion will ensure scalability and proof of feasibility beyond the project.

Demonstration Sites
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Figure 2: ELSA demonstration sites, Source: (ELSA consortium, 2018)

The demonstrationsitesinclude buildings, districts and grids: the Skills Academy for Manu-
facturing and Innovation facility at Gateshead College (building), United Kingdom, the Am-
pere Building (offices) at La Défense, France, the NISSAN EUROPE OFFICE at Paris (offices),
France, the E.ON Energy Research Centre at RWTH Aachen University (R&D district), Germa-
ny, the Cityof Terni (grid), Italy, and a residential districtin the city of Kempten, Germany.
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The ELSA consortium

This multi-disciplinary consortium brings togetherindustry players with extensive experience
in Electric Vehicle battery storage systems, (Renaultand Nissan), as well as in sustainable
development, digital and energy networks infrastructure, and buildingand district manage-

ment (Bouygues).

Researchinstitutes specialising in the design and manufacturingof components and systems
forbuildings and industriala pplications (United Technologies Research Center Ireland), in
the energysectorincluding|CT forenergy (RWTHAachen)andinthe area of smart homes
and energymanagement options (Gateshead College)arealsoinvolved as are companies
with experience and knowledge inIT solutions for Energy and Utilities (ENGINEERING), in
consultancyandtraining onsustainable development (BAUM), and in the management of
electrical distribution systems (ASM and AUW).

2.2 Goals of Work Package 5

The goals of work package 5 (WP5) are to perform an assessment of the economicand envi-
ronmental impact of the electric storage systems takingintoaccount the full integrationinto
the local electricity grid, the distributed generation and the further deployment of renewa-
ble energysources.

Further, keybusinesssuccess factors related to system costs, direct value generation, inte-
grationin virtual power plant schemes and services provided to grid stakeholders will be
identified in WP5. (ELSA Consortium, 2015)
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Figure 3: Technology Readiness Levels, Source: (Nasa Technology Readiness Levels, 2015)

A central partof WP5isto provide elements of an answerto the questionhowaneconomic

activity exploiting stationary battery storage systems can be sustainable, thatis notably how
itcan createnew jobs andreduce the overall environmental impact. (ELSA Consortium,

2015)
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2.3 Goals of Task 5.2

The goals of Task 5.2 within WP5 are to estimate the efficiencyincreaseandtheassociated
costreductions achieved by the use of the ELSA storage systems in electric grids.

Electricitystorage will playa keyroleinenabling Europe to reach its objectives in the energy
sectoras storage suppliesmore flexibility in ensuring the generation/demand matching, grid
balancing, energysecurityand optimization of the use of renewable generation assets. Stor-
age canalsolocallyimprove the management of distribution networks, reduce costs and
improve efficiency.

All economic benefits that (large-scale) storage can provide to different stakeholders can be
translated into cost savings all over the supply chain. These will be explored in this task.
Eventually, the mentioned effidencyimprovements canresultinlower electricity prices and
more generally, financialbenefits for different players. The value generation of storage is a
keyelementforthe successof businessmodels forthe electrical and thermal systems incor-

porating storage units. (ELSA Consortium, 2015)
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3 The need for and potential of storage

3.1 Progress of the renewable energies expansion

3.1.1 Germany
Responsible Partner: B.A.U.M. Consult
Renewable electricity generation capacity

Figure 4 shows the development of the installed capacity of different types of electricity

generationplanttypesinGermanyfrom 2002 to 2015, and Figure 5 shows the correspond-
ing annual changes in this period.
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Figure 4:Installed German electricity generation capacity 2002 —2015, Source: (Fraunhofer ISE, 2016)
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Figure 5: Annual change of installed electricity generation capacity, Source: (Fraunhofer ISE, 2016)
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Formore thanadecade, renewable power stations have dominated new installations in
Germany,andbytheend of2015theyaccounted for 97.92 GW (52.3 %) out of the total in-
stalled power capacity of 185.48 GW. PV power plants accounted for 39.7 GW (21.4 %) and
wind power plants for43.78 GW (23.6 %). The ratio of installed PV and wind power was
48:52, notveryfarawayfrom the optimummix of 40:60 for whichthe need of flexibilityin
the Germanelectricitysystem achieves a minimum if PV and wind power are the only
sources of electricityand imports and exports of electricity are zero (see subchapter 3.3).
Takingintoaccountthat (1) PVandwind are notthe onlysources of electricity, (2) imports
and exports ofelectricity take place, (3) wind power plants are predominantlyinstalled in
the north of Germanyand (4) PV plantsin the south, and (5) the mentioned optimum is very
broad, that means deviations fromitdonotchange the overall system cost very much, the
mixof PVand wind power plants at nationallevel is close to its economic optimum with re-
gard to storage and equivalent flexibility needs at present.

Apartfrom renewable power plants, hard coal power plants were newlyinstalled, in particu-
larattheseaside closeto harbours forimported hard coal. The lignite electricitygeneration
capacityincreased, too, while nudear started being phased out after the threefold maximum

credible nuclearaccidentin Fukushima in 2011.

The installed power capacity reflects the theoretical maximumelectric power that German
powerplants can provide. However, this maximum power depends on meteorological condi-
tionsinthe case of PV, windandhydropower plants andis never reached. Nevertheless, the
power provided by German plantsisincreasingly above therespective instantaneous na-
tional consumption and electricity exports are stronglyincreasing accordingly. Further, the
contribution provided by renewable power generationcomesoftenclose to theinstantane-
ous consumptionthus challenging the flexibility of the conventional power plants to the very
end.

Renewable electric energy generation

Renewable energies (RE) accounted for 30.0 % of the German electricity generation of
651.6 TWh and covered 32.6 % of the electricity consumption of 600.0 TWh in 2015. The
latterincludes grid losses and own consumption within power plants. The lowest hourly con-
tribution of REwas 7.3 GWh, covering 9.9 % of the consumption on November 3 between 4
and5p.m., the highest was 50.1 GWh, covering 83.2 % of the consumption on August 23

between land 2 p.m.

Electricityfrom PV plants covered 6.4 % and wind power plants 14.7 % of the electricity con-
sumption,i.e.21.1% was met by quicklyandstrongly fluctuating power generation (see Fig-

ure 6).Slowlyvaryingrun-of-the-river hydropower plants contributed the major part of the
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hydropower generation of 19.3 TWh (3.2 % of the consumption). Thisnumberindudes also a
minor contribution from storage hydropower generation. Electricity generation from bio-
mass contributed 44.2 TWh (7.4 % of the consumption), generation from waste further
5.8 TWh (1% of consumption). The sum ofthe percentage values for the contributions of
the various energysources referred to the electricity consumption amounts to 108.6 %. This
is duetothefactthat51.6 TWh, thatis 7.9 % of the German electricity generation or 8.6 %

of the consumption, were physically exported in 2015.

natural gas
9.9%

hard coal
19.7%
wind power (onshore)
13.2%
wind powerioffshore)
1.5%

hydropower 3.2%

mipclear energy
15.3%

biomass 7.4%

PV &A%

——— | ormiestic waste 1.0%

ligmite
15.8%

Figure 6: Electricity generation by energy source in Germany in 2015, Source: (AG Energiebilanzen, 2015)

Variation of different contributions to electricity generation

Figure 7shows the variation of the electricity consumption and the contributions of different
renewable electricity sourcesand conventional power generation during 2015. The genera-
tion from biomass remained more orless constantatabout 5 GW throughout the year, the
generation from run-of-the-river hydropower varied weakly between1and 2.5 GW most of
the time. Thus, biomass and run-of-the-river hydropower together ensured a reliable mini-
mum renewable power generation of about 10 % of the average powerdemand of 68.5 GW.
PV and wind power generation varied stronglyandtheir sum came close to zero at some
moments. However, PVandwind power generation were very complementary and their
joint contribution wasrarely below their average power of 14.4 GW for more than a couple
of days.Thisisnota proof, buta hintthata mixof PVand wind power generationlimits the
need forlong-term and seasonal storage.
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Conclusion 1: There is little to no need for seasonal electricity storage in Germa-

ny even if RE meet 100 % of the domestic electricity consumption

This allows drawinga preliminary conclusion concerning the need for storagein Germany: If
the renewable power generationhad been up-scaled bya factor 3 without changing the rel-
ative contributions of the different RE sources, Germanyhadbeenbeing fullysupplied with
renewable electricityin 2015 without requiringseasonal electricity storage. However, stor-
age forup to several weeks orequivalent flexibility would have beenrequired to bridge pe-
riods of lowcombined PV and wind power generationinJanuary/February and October, and
to make use ofveryhigh combined PV and wind powergeneration in March, the summer
months and November.

This finding does nevertheless not allow concluding that seasonal energy storage is notre-
quiredatalleven if the German electricity generation is 100 % renewable. First of all, the
little varyingGerman hydropower generationcannotbe increased by a factor 3 anymore.
The same applies for electricity ge neration frombiomass which is more or less constant at
present. However, the latter could easilybe rendered much more flexible, thus providing
generation flexibilityand reducing the need for storage. A detailed investigation ofthe need
of storage at different time-scales requires considering different meteorological years. This is
presented in subchapter 3.3.
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Figure 7: Time-structure of electricity generation in Germany in 2015, Source: (Agora Energiewende, 2016)
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Figure 8: Time-structure of electricity generation in November 2015, Source: (Agora Energiewende, 2016)

At shortertime-scales, a typicaldailyvariation of the combined PV and wind power genera-
tionisvisible evenduring winter months as a result of the typical dailyvariation of PV elec-
tricitygeneration. Itis basically synchronous to the daily variation ofthe consumption (see
Figure 8), butin most months, the dailyvariation of PV powergeneration is stronger than
the variation of the consumption. Hence, the residual load, thatis the difference between
the consumptionandthe renewable power generation, shows no longera maximum at
noon, butadipatnoon onmostdays andtwo maxima,oneinthemorning and one in the

late afternoon and early evening.

Flexibility provided by imports/ exports, hard coal and pumped storage hydro-

power plants

Apartfrom a few hours peryear, electricity generationin Germanyis always higher than the
consumption. Physical net exports amountedto about 7.9 % of the German electricity gen-
erationin2015.The countriesto which most electricity exports went were Austria, The
Netherlands and France.

Variations of the electricity exports are one means for balancingthe gap between genera-
tion andconsumptionin Germany. The mostimportant flexibility howeveris provided by
hard coal power plants which are typically ramped up and down twice perday, and by
(pumped) storage hydropower plants. Lignite and nuclear power plants are usually run with
a constant output.

Natural gaspower plants have high ramprates and are most suitable to respond quickly to

electricitydemandvariations, but were very little used to that end. Their contributionto the
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total electricity consumption was only 9.9 %, most of itincombined heatand power plants
which are mainlyheat demand-led and cannot follow the electricity consumption. The flexi-
bility of gas-fuelled combined heat and power plants withregard to electricitydemand fluc-
tuations could beimprovedatlow cost byenlargingthe heat storage of such plants, but this
doesnotyethappenatsignificant scale. Onceitwillhappen, it will reduce the need for other
forms of short-term flexibility such as battery storage.
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Figure 9: Time-structure of electricity generation in August 2015, Source: (Agora Energiewende, 2016)

Figure 9andFigure 10show how the gap between electricity generation and consumption
was filledin August 2015. The daily PV generation peaks were synchronous withthe midday
consumption peak, but much larger. Hence, there was a surplus ofelectricity generation in
the mid ofeach day. Most of this midday s urplus was exportedas Figure 9 shows. Conven-
tional generation was reducedat night to deal with the lower demand, and at midday to
dealwiththe high PV generation: hard coal power plants displaya larger generation dip each
nightanda small generation dip everydayaround noon. Lignite power plants provide a tiny
contribution to the daily generation management (see Figure 10).

When the renewable electricity generation came close to the consumption, as on August 23,
onlythe hardcoal power generation wasreduced almost to zero. Nuclear power generation
remainedalmost constantandlignite power plant generation was reduced only partially,
though the spot market electricity price dropped to about 5 €/MWh, thus displaying the in-
flexibility of these power plant types to respond to variations of the power demand.
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Figure 10: Conventional electricity generation in August 2015, Source: (Agora Energiewende, 2016)

The strongest challenge for flexibility: solar eclipse on 20 March 2015

The ability of the German electricity systemto respondto very quickchanges of power gen-
eration was challenged on 20 March 2015 during the solar eclipse.

Figure 11 shows the generation of PV andwind powerin week 20 of 2015 for the different
transitiongrid operationzones. Duringthe solar edipse on March 20, PV power generation
in Germany dropped from 12.9 GW at 9:30 h to 5.45 GW at 10:30 h and then rose to
16.75 GW at 11:30 h (15-minute average values). The variation with a ramp rate of about

8 GW perhourcould be predicted very preciselyand the drop in PV power generation was

balanced by other electricity sources.
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Figure 11: Electricity generation in Germany during the week with a solar eclipse in March 2015,
Source: (Fraunhofer ISE, 2015)
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Figure 12: Effect of solar eclipse on 20 March 2015 on the electricity spot market, Source: (Agora Energiewende, 2016)

Figure 12 shows hourlyaverage values oftherenewable (green) and conventional (grey)
electricitygeneration, the consumption (pink line) and the spot market electricity price (blue
line). The average hourlyelectricity consumptiondid not change much during the eclipse.
The dipinthe total generation is about half the size of the dip in the PV generation.

A closer analysis shows thatthe lacking PV power was partiallybalanced by higher genera-
tion inside Germany, mainly (pumped) hydro power generation whichrose byabout 1.3 GW
and then droppedbyabout0.7 GW, and partially by lower electricity exports: the hourly
averagevaluesof netexports droppedfrom7.8 GW at9:00h to 3.8 GW at 10:00h and rose
to8 GW at11:00 h, i.e.accountedforabout4 GW out of about 8 GW which were needed to
compensate the PV generation dip. The eclipseis clearly reflected by a spot marked price
peakofalmost 50 €/ MWh compared to about 30 €/MWh atthe beginning and the end of
the eclipse.

Conclusion 2: There is no need for batteries to ensure the hourly national bal-
ance of generation and consumption at a level of 32.6 % RE contribution to the

electricity consumption

The investigation ofelectricitygenerationand consumption in 2015 and the way how the
gap between bothis closed even whenthe generation is strongly fluctuating, shows that
there is noneed foradditional flexibility to balance the average hourlygeneration and con-
sumptionatnationalscale thoughthe contribution of renewable electricitygeneration has
alreadyreached32.6 % in 2015, out of which21.1 % were fromstrongly fluctuating PV and
wind power generation. Thisconclusion leaves three points aside: (1) time-scales shorter

than onehour, (2) sections of the grid without sufficient capacity to transport electricity
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such thatimbalances are equalled out evenoverlongdistances, and (3) the situation if the
contribution ofstrongly fluctuating renewable ge neration from PV and wind poweris further
increased. Infact, these three points outline the field ofapplication for batteriesasis shown
in detail in chapters 4and 5.

Before investigatingthe potentialneed for, and applications of batteries, options for cheap
flexibility within a predominantly renewable electricity generation systemneed to be looked
atin moredetail. There are essentiallytwo: (1) biogas plants could provide a considerable
potential for highly flexible renewable power generation, and (2) conventional natural gas
power(andheat)plants could be run more flexiblyatlittleadditional cost. The latter can
also provide a bridge towards a 100 % renewable power supply by smoothly switching from
natural gas to synthetic hydrogen and methane produced from surplus electricity at times of
high renewable power generation (power-to-gas).

Biogas and natural gas-powered CHP: untapped potential for flexibility

At the end of 2015, about 9,000 biogas-fuelled combined heatand power (CHP) plants, in-
cluding plants fuelled with biogas up-gradedto bio-methane through removal of the CO,
containedin the biogas, witha total nominal electric power of 4.2 GW were installed in
Germany (Fachverband Biogas, 2015). They produced 32.5 TWh (5.4 % of the total electricity
consumption, 73.5 % of electricity generated from biomass) in 2015. Those of them which
were alreadyinstalled untilthe end of2014 had a gas storage able to bufferthe biogas pro-
ductionof4.2 hourson the average andthefillinglevel variedbetween 21 and 81 %. Most
of these plants generated electricity continuously and achieved 7,886 annualfullload hours
in 2014 on the average. (DBFZ, 2015)

Biogasis afullycontrollable source of renewable electricity which can in principle follow
exactlythedemandas quickly as natural gas-powered plants, i.e. with a ramp rate of
100 %/15 min, thus meeting the requirements oftertiary control reserve —andthose of sec-
ondary control reserve if complemented by batteries.

The factthat existingbiogas plants are nevertheless operated more or less constantlyis due
to the high proportion of combined heat and power generation whichisinflexible with re-
gard to electricity demand variations as longas no specificallylarge heat storageisintegrat-
ed, butalsodue to the remuneration scheme of the Renewable Energy Act which provides a
bonus for flexible operation onlysince 2012.

In 2015, 50 % of the operatorsinterms ofinstalled power capacity made use of this scheme
and theirnumberis quicklyincreasing (Holzhammer, etal., 2016). For this purpose, existing
biogasplants are up-graded to run flexibly, thus being able to respondto the electricity de-

mand. On the average, the generator capacityisincreased byabout a factortwo in case of a
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refurbishment, andthe biogas and heat stores are enlarged to deal withthe flexible opera-
tion. Thefermenterandthe substrate feed-indonot needto be changedif the total biogas
generationis notincreased (DBFZ, 2015). In 2015, the increasingly flexible operation of bio-
gas plants has ledto the onlyslightly reduced number of7,650 full load hours (Holzhammer,
etal.,2016). That means that the already existingflexibility of biogasplants is not yet fully
used.

If all the existing biogas plants in Germanywere up-graded to these same level of flexibility,
this would addabout4 GW flexible electricity generation capacity with a ramp rate of
100 %/ 15 minutes, able to compensate gaps between the remaining generation and the
demandatatime-scale between 15 minutes and a day. Thisdoesnotimplyan increase in
biogasproduction, butjusta use of the same amount of biogas for electricity generation
more in pattern with the electricity demand.

Biogas plants could alsobe used to compensate gaps between the residual generation and
the demandatlongertime scales, but this requires a modulation and thus a reduction of the
total biogas production.

In a similar wayas biogas plants, CHP running with natural gas canbe used as flexible ele-
ments ofthe electricity system, providedthey are equipped with sufficiently large heat
stores, so that the electricity generationcanbe decoupled fromthe heatgeneration. Costs
forshifting 1 kWh of electricity with thermal stores are the lowest of all flexibility options.
Theyare below 1 ct/kWhgiseqin the case of small CHPand can beaslow as 0.1 ct/kWh ifted
inthe case of CHP coupled to district heating systems with large thermal stores (Sterner, et

al., 2014). This potential is far from being explored in Germany at this stage.

Conclusion 3: There is no need for batteries to ensure the hourly national bal-
ance of generation and consumption even beyond 32.6 % RE contribution to the

electricity consumption

The untapped potentials for generation management of biogas and natural driven CHP
plants arejusttwo examples among severaloptions how sufficient flexibility can be provided
inthe Germanelectricity system to deal with very high rates of renewable electricity genera-
tion beyond 32.6 % RE contribution to the consumption, without running into the need to
install further storage systems than the existing pumped-storage hydropower plants. Among
others, cost-effective flexibility measuresare notably demand-side response. (Elsner, 2015)
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Electricity spot and futures market

The average day-ahead market price forelectricity was 31.60 €/MWh in 2015, the second
lowestvaluein Europe behind Scandinavia. Long-term delivery contracts for 2017-2019 are
alreadycondudedatpricesatabout 26 €/ MWh. These are historically low electricity market
pricesandtheyare a result of the high level of renewable electricitygeneration which has
priority over conventional electricityandis soldfirst. Even without priority on the market,
existingPVandwind power plant operators could offer electricityata verylow price on the
market, because PV and wind power generation has nearly zero marginal costs.

As a result, thereis a strongcompetition for covering the residual electricitydemand which
leads to verylow market prices —above the marginal costs of conventional power plants, but
below theirlife-cycle costs. Forthisreason, the present electricity market does not provide
an incentive forfurtherinvestments in electricity generation plants in Germany, neither con-
ventional nor renewable ones. Even more, some plants are shut down, notably natural gas-
fuelled plants, for lack of profitability. (Agora Energiewende, 2016)

About 10 % of the German electricity generation wassoldabroad in 2015, a bit more than
the physical exports of about 7.9 % of the generated electricity. Export and import prices
were about 40 €/MWh in 2015 and thus higherthan the average spot market price. This in-
dicates thattransboundaryelectricityexchange between Germanyand its neighbouring
countries is mainlydriven bythe electricity demand of the latter, and corresponding higher
prices thatelectricitytraders abroad are readyto pay, notbya lack of flexibility within the
Germanelectricitygenerationsystem. If the latterhad beenthecase, electricity from Ger-
manyhadbeendumped more frequentlyatlower prices and electricityimportedto Germa-
ny had reached higher prices. (Agora Energiewende, 2016)

Nevertheless, 126 hours (1.4 % of all hours) with negative spot market prices averaging at
minus 9€/MWh indicate that there waseithera lack ofavailable flexibility for technical rea-

sonsand/ orthe existing marketrulesdid not allow encourage usingthe existing flexibility.
Closer analysis reveals thatitis a combination of both. (Peek, et al., 2016)

Use of battery storage systems

Despite thelittle need for flexibilityat nationals cale, battery storage systems are more and

more installed in Germany, essentially for four different reasons:

(1) Conventional use: Batteries have been and continue to be a compo-
nentof uninterruptable power supply (UPS)systems, back-up electrici-
ty generation, and off-grid applications. The latter are ratherrare in
Germanybecause theelectricgrid isverydenseinalmost all parts of
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the country. Nevertheless, off-grid applications exist: telecommunica-
tion repeaterstations, ticket vendingmachines, road safety devices,

and a few houses such as alpine huts.

(2) The burden of electricity grid feesand the transaction costs of the en-
ergytransitionareveryunequallysharedamong different electricity
consumers. Thus, private users and small enterprises pay much higher
fees and have much higher electricity purchase rates thanlargeindus-
trial enterprises. The lower grid use fees for large industrial e nterprises
are dueto theiroftenveryshortdistanceto large power plants and
the factthattheyeffectivelyusejusta strong, but short power trans-
missionline. The verylow electricity purchase rates of large industrial
enterprises are due to thefactthattheycanbuyelectricty directly at
the electricitymarket where the prices have reached a historical min-
imum. The partialor full exe mption of large industrial and commercial
electricity consumers fromthe transaction costs ofthe energy transi-

tionintheelectrictysector (EEG Umlage)is dueto a politicaldecision.

Private households, however, pay about 28 ct/kWh (280 €/MWh) for
electricity, grid fees and various charges included. This is much more
than electricity generated by small PV systems with a battery storage
systemcosts. Forthis reason, battery storage systems are increasingly
installedinconnection with PV systems inorder to maximise the share
of self-consumed PV electricity for private house owners. This tenden-
cy has recentlybeen attenuated by new charges put on self-consumed

renewable electricity.

(3) Though the balance between generationand consumptionis very easi-
lyachievedatnational scale,itisn’t locally. High renewable power
generationhasincreasinglyled to congested electricity distribution
grids, thus forcingnotably wind power plant operators to curtail power
generationbelow the instantaneous possible maximum power. In to-
tal,about 2.7 TWh of possible renewable powergeneration took not
place between January and September 2015 (Bundesnetzagentur,
2016). Extrapolatedto the entire year 2015, this means that about
1.8 % of the possible renewable power generation, essentially wind
power, is not used because of local grid congestions.

(4) The highshare of RE power generationimplies that the stability of the
frequency, up to now mainly guaranteed bytheinertia ofthe rotating
massesof turbinesand generators in conventional power plants needs
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to be ensured by new means. Battery storage systems providea solu-

tion. Theycan offer “syntheticinertia” to stabilize the grid frequency

atthe time-scale offractions of a secondand above, and provide pri-

maryand secondarybalancing power at the same time. This is the

mainreasonfortheinstallation of most of the MW-scale battery sys-

tems beinginstalled at present as shown in Figure 13.

10 Large-Scale Battery Storage Systems are

installed, some 10 more are under construction

Owvenview Battery Storage Parks =1 MW in Germany (state: April 2014)
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Figure 13: Existing and planned large battery storage systems in Germany, Source: (BiiroF, 2016)

Outlook on further development

By 2016 new PV andon-shore wind power plants cangenerate electricityatthe lowest cost

ofall new power planttypes (about 8 ct/kWh). However, existing conventional power plants

which have reached the end oftheir financial life-time canstill generate electricity at even

lower costs. Old coal and nuclear power stations reduce their output onlywhenthe electrici-

ty spot market price falls below about 2 ct/kWh — provided this is technically possible.

A majorchange will come along withthe decommissioning of all nuclear power plants until

2022. Further, a closure of oldandinflexible lignite and hard coal power plants is about to be

discussed. This will lead to a much more flexible electricity generation park and higher and

more constant electricity prices onthe market, thus permitting a better return on invest-

ment for the operators of the remaining power stations.
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The further expansion ofrenewable power generationhasbeen strongly limited by the gov-
ernmentsince 2012. New installations are muchless and the renewable capacityis growing

much more slowlythan a few years ago.

Hence, there will not be a need for flexibilityin the electricity supply system at national scale
provided by batterysystems. However, the stronglyfalling prices for battery systems will
lead to an expansion of the market forthe applications mentioned above, in particular self-
supply of households and s mall enterpriseswith PV-battery systems (battery capacity in the
1-10 kWh range)andlocal compensation of fluctuating re newable power generation in dis-
tribution grids (100 kWh — 10 MWh range).

3.1.2 France
Responsible Partner: Nissan Europe

The EU's Renewable energy directive sets a binding target of 20 % final energy consumption
from renewable sources by 2020. To achieve this, EU countries have committedto reaching
their own national renewables targets. France targeted 23 %.

The composition of the renewable electricity generation park in France continues to evolve
infavorofwindand solar with 2,086 MW connected in 2014 and 1,894 MW in 2015. The
Figure below represents the evolution of the total annually connected renewable energy
capacityin France since 2002:
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Figure 14: Evolution of the total annually connected renewable energy capacity in France since 2002, Source: (RTE, 2015)
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The total renewable energy capacityinstalledin Francein2015 is 43,6 GW (RTE, 2015). The
hydraulic parkrepresents approximately 58 % of this capacity. The wind and solar sectors
are experiencing the most significant growth the last years andtake 38 % annualshare. Ap-
proximately 60% of these sources are connected to the TSO.

The total renewable energy productionin2015is 88,4 TWh, 54 TWh (61 %) from hydraulic,
21 TWh from wind, 7,4 TWh from solarand 6,4 TWh from bioenergy sources. The Figures
below represent the total renewable energy capacities connected to the grid in France in
2015 and the corresponding produced energy:

Renewable energy capacity installed in France in 2015

Biomass: 1,7 GW (4%
Solar: 6,2 GW (14%)

Wind: 10,3 GW (24%)
Hydro: 25,4 GW (58%)

Figure 15: Total renewable energy capacities connected to the grid in France 2015, Source: (RTE, 2015)

Renewable energy production in france in 2015

Hydro: 54 TWh [51%)

Wind: 21 TWh (24%)

Solar: 7,4 TWh (8%)

V““\.\ Biomass: & TWh (73%)

Figure 16: Total renewable energy production in France in 2015, Source: (RTE, 2015)
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The average coverage ofthe electricity consumption by renewable electricity sources was
18.7 % between 1Januaryand 31 December 2015, of which 11.4 % insured bythe hydraulic
sector,4.5% wind power, 1.6 % bythe solarsectorand 1.3 % bybioenergy. The average cov-
erage isdowncomparedto 2014 whenit was 19.6 %. This variation of - 0.9 points is ex-
plainedbyanincreasein consumptionofalmost2 % andadropinhydraulicoutput ofabout
14 % (or - 8.5 TWh), rainfall levels have been much lower compared to 2014.
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Figure 14: Average coverage of the electricity consumption by renewable electricity sources in 2015 in France,
Source: (RTE, 2015)

Transmissionand distribution networks have been dimensioned to transportand distribute
energyproducedbycentralized generation, without regard ofthe weather conditions. The
development of electricity networks has historically followed the growth ofpeak consump-
tion.Inrecentyears, the significant deployment ofdecentralized intermittent renewable
energyproductionrepresents a newchallenge forelectricaltransmission and distribution
system.
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This changeinthe structure of production hasa significantimpact on the distribution net-
work. With the connection of 341,737 renewable energy installations and an average of
about 25,000 newRE installations peryear, the distribution networkmustbe ableto absorb
this growth and adaptits operating rulesinorderto collect and distribute the produced en-

ergylocally ortransferitto the electricity transmission network.

The development ofthe renewable energysectorhasalsoan impact on the transmission
network. The deployment of renewable energy sources creates a newgeographicaldistribu-
tion of electricity generation marked bywide disparities between regions and between
countries. The generated electricity which is not consumed locally need to be transported by
the TSO network to other consumption areas. Thus, the transmission network across both
national and European level (via interconnectors) need to be developed in order to ensure
the pooling of installations and maintain the supply-demand balance.

In orderto beable to anticipate and better organize the renewable energy growthin France,
the French TSO, RTE (“Réseaude transport d'électricité”), inagreement with the managers
of distribution networks, introduced the “Regional Schemes for Connectionof the Renewa-
ble Energyto the Grid” (S3REnR). These schemes aim to ensure visibility of the capacities of
the transmissionanddistribution network to absorb renewable energies by 2020, to antici-
pate developments of networks and establish cost sharing mechanisms in orderto ensure a

fair distribution of the cost for the electrical network upgrade.

In November 2015, 20 of 21 regions have confirmed their S3REnR. The diagram below sum-
marizes the capacities reserved forthe development of renewable energies by 2020, and the

cost forthe development of the grid by region.
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Figure 17: Reserved capacities by 2020 and regional costs for electrical network development, Source: (Observ'ER, 2015)

The observedregional disparities are significant. The reserved capacities range from
471 MW in Alsace to 2288 MW in Languedoc-Roussillon. The grid upgrade costs also vary
from0Ok €/ MW (Alsace) to 69.85 k € / MW (Midi -Pyrenees). These differences are ex-
plained by bothinitial available capacities of the local networkand the ambitions for future
development of renewable electric sources. Thus, in Alsace for example, the proposed
scheme will not require an investment. Inthe Midi-Pyrénées however, 153 million euros of
investment appear necessaryon the transmissionand distribution networks, 126 million
euros of those will be charged on the producers (ObserVER, 2015).
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The Frenchsystemhas a significant resource of flexibility to ensure the balance between the

production and the consumption and also to secure the electricity supply:

* Energyimport/exportviainterconnectors to the neighbouring countries

* Primary, secondaryreserve

* Tertiaryreserve (« Mécanisme d’ajustement »)

* Control of the consumption oflarge industrial plants (« Effacement »)

* Capacity mechanism

* Energystorage

The energystorage capacityin France consists mainly of hydropower, the second highest
installed capacityin Europe (after Norway). In 2014, hydropower generated 68 TWh, cover-

ingabout 15 percent of French power consumption. Italso provides about 50 percent of the

balancing energyandthus playing a keyrole in balancing variable renewables (Mathieu, et
al., 2015).

Hydroelectric capacities in France, total: 25,4 GW

Pumiped Hydroelectnic Energy Storage _ 4.5
Comventicnal dammed Taolities [daiby, weekly) _ ﬂ_l
I, 02

] " =1

Lake failities (seasonal storage)

Rumn-of-the-river [no storage)

Figure 18: Hydroelectric capacities in France 2014, Source: (Mathieu, et al., 2015)

Considering the fact that the French system disposeswith a strong flexibility potential and
constantlyreinforced transmissionanddistribution grid, therenewable energy expansion
and the objectives for 2020 could be met with no particular need for additional energy stor-
age.

Regarding the use of small scale storage in the residential sector, therearenoincentives so
farto encourage thisdevelopment. Moreover, the feed-in tariff for the production from
small residential photovoltaic systems (0-9 kWp) is more than two times higher than the

average household electricity rate. (photovoltaique.info, 2011)
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3.1.3 Iltaly
Responsible Partner: Engineering

According to latest data distributed by national TSO Terna, for 2014, Italy produces 86 % of
its ownelectricitytotal demand. Theremaining 14 % is imported. The imported portion
come mainlyfrom Switzerland (50 %), about 33 % from France and the complementary part
from Sloveniaand Austria. However, the national production is relyingonraw material im-

ported so creating a further dependency from foreign countries.

In 2014, the electric energy gross production was 280,000 GWh. Main part, about
150,000 GWh, generated bythermoelectric production exploiting fossil combustible; The
distribution is: 65 % from natural gas, about 30 % from coal andthe remain from fuel oil. A
partofthe thermoelectric production, about37 % (120,000 GWh) are generated byrenewa-
ble resources; Of this about 60,000 GWh are actually hydroelectric production; secondin the
listis the photovoltaic productionwithabout 22,000 GWh produced in 2014; then there is
biomass combustion with about 18,700 GWh, wind produced power with 15,200 GWh and
geo-thermal production with 5,900 GWh. (Terna, 2016) Renewable resources distribution is

reported in the following figures:

B hydroelectric

W photovolaic

B bio-rmass combustion
W wingd

H gec-thermal

Figure 19: RES production in Italy in GWh; Source: (Terna, 2016)
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peo-thermal;

B hydroelectric

B photovoRaic

B bio-mass com bust ion
W wind

® geo-thermal

Figure 20: RES production in Italy - percentage sharing, Source: (Terna, 2016)

RES production had a relevant growth during the last years. Its share on national consump-
tion has more than duplicatedin the last ten years and is higher than the average in other
Europeancountries. Figure 21 reports the classification of the European countries per RES
production.
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Figure 21: RES production in Europe 2014; Source: (GSE, 2014)
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Renewable electricity generation capacity — the trend

Duringlastdecadeinltalyanintense policy of incentives for RESinstallation was applied.
Following thisaction, the overallnational energetic panorama changed from 18 % of RES in
2004 to 43 % in 2014. Figure 22 reports the proportion ofthe different sources during the

. RS

Bl cther

I

B tiatural Gas

decade for electric production. (L'energia, 2016)

100

]

B coal

2004 2005 2006 2OO7 2008 2009 N0 201 2002 2013 2004

Figure 22: Electric production per source - ltaly, Source: (stradeonline, 2016)

Figure 23 shows the data from the TSO Terna, for 2014, detailingthe overall production per

resource.

® Coal

L ] Habural GAS
0 Ol produsis
@ Cther

B Hydroslectnic
# Geothermal
® Wind

B Pholovaltaic
@ Bio-mass

Figure 23: Energy production per sources —Italy 2014, Source (stradeonline, 2016)

600,000 RES-installations are connected to the Italian grid, witha gross installed power of
50,000 MW. In 2013, the overall RES was 112 TWh, in 2014 it was about 120 TWh. Some
preliminary data on 2015 are available and visualised in Table 1.
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Italian GSE (Gestore Servizi Elettrici — El ectric s ervices management a uthority) provided the

trend forbothinstalled RES power and gross production in the 2010-2015 timeframe:

2015
[ Prelim.

estimation )

Gross Power [MW)

Hydraulic 17.876  18.092 18.232 18.366 18418 18.531
Wind 5.814 6.936 £.119 8.561 £.703 9,126
Photovoltaic 3470 12773 16690 18.185  18.609 18.910
GeoThermal T TT2 Tz FrES 221 224
Bio (%) 2.352 2.825 3.802 4.033 4.044 4.087
Total 30284 41398 2 47.614 29919  50.595 51.479
Gross Production (GWh)

Hydraulic 51117 45823 41875 S2773  SB.54S 43,902
Wind 9,126 9856  13.407 14897  15.178 14.883
Photovoltalc 1.906 10.796 18,862 21.589 22.306 22.847
GecThermal 5.376 5.654 5.582 5.659 5.916 6.160
Bia (%) 9,440 10,832 12.487 17.090 18.732 18.894
Total 76963  B2961 92222 112008  120.679 106686

Gross Internal Consum [(GIC*") 342933

RES [ GIP [%s) 22.4%

* Bio: solid biomass (including bio-degradable waste), biogas, bioliquid
** GIP = Gross production + Import — production from Produzione lorda + Saldo estero — hy droelectric pumping
Table 1: Gross Power produced by RES, Source: (GSE, 2016)

Onthe one hand, the analysis ofthe preliminary estimationin2015shows a reduced wind
and hydraulic power generation. On the other hand, the remaining RESfurtherincreased in
2015. Thesetrends are probablyrelated to weather condition in 2015. However, itis im-
probablethatthe overall sector cangrow without a clearschema of incentive strategy. In
2014, the lastincentive provision campaignwas concludedandit wasfollowed by a further
decreethatcanregulate the production plants installed in 2015-2016. The new campaign for
the next period is expected soon.
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RES production issues

In 2014, some issuerisenup inrelationto network problems relatedto the RES production
in Apulia, Calabria andSicilyandin particular for wind generation. Infact, these areas have a
relevant productionbut are quite farawayfrom the part of the gridwhere the correspond-
entdemandis located. To figure outtheseproblems new high voltage distribution back-
boneslines were planned and inJune this year the Sicily-Calabriaconnection wasinaugurat-
ed.WindandPV generation have a highlevel of unpredictabilityinrelation to theirdepend-
encyfrom weatherconditions anditis still creating relevantissues thatlocal storage adop-
tion could mitigate. To have a sustainable production same thermal plant exploiting fossil
raw material are usuallyactivated; however, these kind of plants require to work closeto an
optimalproductioncycle level and are not offering necessary level of flexibility; itis repre-
sentingthe socalled base load. Duringpeak hours some more flexible plants are activated.
However, in correspondence to clearand windydays the Wind and PV production exceed
the normal production creating grid unbalances. Based on this development, the legal
frame-work was adapted by curtailment policiesto limittheinstabilities/unbalances be-

tween generation and consumption.

Storage exploitability
The above described bigpicture demonstrates that the national gridis not ready to exploit
the RES production yet without a certain level of additional flexibility. Therefore, two main

lines are necessary:

* theincrementofagreenbaseload frombiomass, geothermal and hydroe-
lectric production,

* theintroduction offlexibilitiesinthe grid management to reduce oravoid
the RES curtailment.

Thesetwomacro-actions could bring the countrytowards and actualgreen approach to the
electric power production and distribution. Storage systems could be part of the necessary
flexibilityin particularas part of local systems, aggregated or not, thatcan compensate the

RES production fluctuation and mitigate the peaks.

RES effect on energy market

The level ofun-programmable installed production, in particular PV, seems to be more sta-
ble thaninpast,inparticularin 2014 after bigincrements of previous years. Comparing data
from 2013 and 2014 andreferring to the 24 hours’ timeframe it seems that the hourly cost

of energyon the market was slightly affected by fluctuation introduced by RES, witha small
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transitiontowards lowest prices. In 2014 fluctuation of non-programmable RES were con-

firmed on respect of 2013 data, and in particularit was observed:

* Anincreasednecessity of reserve usage (total) related to the shutdown of
powerplants. The need of tertiaryreserve wasincreased of about 4-5 %
during the 2014.

* Anincreasednecessityof rapidreserve (secondary and third) to accom-
plish peakloads during earlymorningand evening and compensate ex-
ceeding feed-in from RES.

* Areductionofstarting and operational timeframes for production units

using combinedcycleto tacklethe request of flexibilityin the system.

Increased costs can be related to the necessity of the TSO Terna to installsystems to tackle
the unbalances betweengenerationanddemandanddueto notonly “out of order” plants
butalso to the unpredictability of the power generation from RES.

Outlook — National Grid updates via Storage systems

In orderto have anincreased exploitation of renewable energyinthe national energy mix a

technological upgrade towards a distributed and decentralized model is required.

In this model/system following cornerstones are essential:

* The developmentandimplementation of storage systemsin thenational
grid.

* Rational grid expansion, not only high voltage lines but also medium and
low voltage linesto implement actual “Smart Grid”-technologies. A smart
grid is a network that can putinplace same level ofintelligence thanks to
the adoption of sensors and auto-regulation mechanisms, even at local
level.

The TSO Ternareportedthat, at this stage, the hydroelectric plants are used as storage sys-
tems, these are activated to compensate unbalances evenpumping back the waterin the

ponds when a load incrementis required.

Theysuggested that benefits could be generate fromthe use of big electric storage, even
mountedontracks, to absorbthe wind turbine production excesseswhenthelines are not
ableto dispatch the production. Insome cases, the adoption of storage systems canbe more
convenient than the building of new electriclines.
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Moreover,the TSO Ternais pushing to introduce inthe national regulatory framework poli-
ciessimilarto the one existentinother European countries, aimedatallowto the grid man-
ager—the TSO—to indicate where the RES productionnodescanbe connected, in order to
mitigate unbalances;infact, at this time RESareinstalled without a s pecificgeographic dis-
tributionregulation, TSOis thenincharge to manage network stabilityand unbalances. TSO
wouldrationalize the installation concentring theseinthe area not affected by congestion.

The TSO Terna, in particular, is managing two pilot projects to validate storage systems (bat-
teries). Thetwo pilots are planned to exploit 130 MW and 40 MW, for a total of 950 MWh
(Terna Innovationand Development, 2016); So far 50 MW are alreadyinstalled and under
validation. Moreover, the first project receivedan upgrading plan to increase the power
from 130 MW to 240 MW. All these systems are aimed to improve the integrationand man-
agement of intermittent RES.

Outlook — Storage systems electric grid support

Batteries, thanks to their characteristics, can performin optimal way the function to inte-
grate and manage the intermittent production resources in place of the programmable elec-
tric plant. Battery storage systems can provide different services to compensate and limit
grid instabilityand unbalancing. Usually these issues are tackled exploitingthe three level of

operating reserve that are used to have a prompt reaction.

Amongthe reservesthe primaryisthefirstthatisused, it consists of a regulation bigger
than +1,5% of the power thatall the plants have to offerto the electric systems. Obviously
the RES - not programmable - are not able to offer this service, sotheir presence created a
deficitinprimaryreserve fora maximumof+1,5% of the total powerinstalled. As above
described inthe second development plan, the pilot project was updatedto 240 MW thatis
exactlythe 1,5% of the total PV installed power peak. In thissense the installation of a few
hundreds of MW of batteries is veryrelevant because itis able to figure out the primaryre-
serve deficitintroduced by national PV plants.

The amount of secondaryand tertiary reserve is regulated in different ways, accordingto the
specificneeds case per case. On respect ofthose reserves the RES adoption is not creating a
reserve deficit, itis requiringanincrement of quality. In particular, tertiaryreserve providing
the largest proportion ofrapidreserve. Itis also called “cold reserve”, whichmeansitis pro-
vided by plants thatare normally offbut have a good level of flexibilityand have short turn-
ing on timeframe (usuallyturbo-gasturbinesorcombined cycle usingnatural gas oralso hy-
droelectric plant operatingin pumping modality). Inthis context the battery rapidity in not
particularly necessary evenin consideration that the cold reserve in not affecting the active

powerina certainmoment. The RESexpansion doesn’trepresentan issue as itis forthe
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primaryreserve. However, if there will be not the adoption of storage systems together with
intermittent sources, it will remain necessaryto relyontraditional resources such as the
fossil based orthe natural hydro-electrical plants (not pumping mode) to provide this re-
serve.

In the context of support that the batteries can provide to the national system there is an-
otherfield—the lines congestion. Itis actuallyrelated to portions of the grid and not to the
wholegrid, soitis geographicallylocated. Inthis case the versatility and flexibility of the bat-
teriesis crucial,these canbeinstalledin precise point providinga huge added value. In fact,
batteries can be installed exactlywhere these are necessary, locally, offering a logistic ad-
vantage that classical system can’t offer. In practice the peakshavingandload shifting can
be appliedexactlyinthe grid portions where the productionsurplus is present. Moreover,
these batteries can, concurrently, provide stabilization and balance functions.

Summarizing itis possible to saythatitisnotnecessary to have big capacity storage, the
prevalent modelinvolves the consumption of energywhenitis produced; the batteries are
more suitable forlocal services such as RES fluctuation management and to solve and to

prevent local bottlenecks.

3.1.4 United Kingdom
Responsible Partner: United Technologies Research Center

Figure 24 shows the actual RE sharesinthe EU Member States for 2005 and 2013 and the
approximated RE shares for 2014. To respect to EU Member States, UKhasalow REshares,
which was one of the lowest backin 2005 andstill is one of the lowest in 2013. The indica-
tive RED (Renewable Energy Directive) target for 2020 is 15%.
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Figure 24: Actual and approximated RE shares in the EU-28 Member States. Dark and light blue bars show the level of RE
shares in 2005 and 2013, Source: (EEA, 2014)

Renewable electric energy generation: contributions and variations of UK in Eu-
rope
* Hydropower: UKdoes not playanimportantrolein renewable hydroelec-

tricpower. EU leaderinhydroelectric production are Spain, Austria, Italy,

France and Sweden. Obviouslythe main limitation of UKis the geograph-

ical conformation of Great Britain. (EEA, 2016)

* Onshorewindenergy: Alsointhis case, the geographical distribution of

GreatBritaindoes not supportanintensive penetrationof onshore wind
farms. Nevertheless,in2014 UK (as also Austria and Poland, Romania)
added morethan 0.4 GW (veryfarto respectto the 4.4 GW of Germany).

The location of onshore wind farms in UKis shown in Figure 25.
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Wind Farm Installed
Capacities [MW)

:;! Onshore

Figure 25: Location of wind farms installed in UK at 31st December 2014, Source: (DUKES, 2015)

* Offshore windenergy: Differentlyfrom the onshore case, UKis supporting

the growth of the offshore wind energygrowthin Europe, with an addi-
tionalinstalled capacityof 0.7 GW. UKis the frontrunner, with a share of
59 % of the total normalized electricity generation from offshore wind
powerinthe EU-28 in 2018 (EEA, 2016). The location of onshore wind
farms in UKis shown in Figure 25.

e Solid biomass: The electricity ge neration from solidbiomass grew with a
rate of 8% between 2005 and 2013. The use of solid biomass is related
with the average weather conditions:indeed, in 2014 the warm weather

createdanunusual low demand for heating, which resultedina decrease
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of electricity generated by solid biomass. The mostrelevant data is from
2013: UK had a share of 13 %.

* Solarphotovoltaic: UKis supportingthe growth of electricity produced by

solar photovoltaic panels. However, the contribution of UKin EU-28is not

comparable with Germany, Italy and Spain.

* Biogas:In2013,UKhad sharesaround 14 % secondin EU-28 only to Ger-
many (55 %). However, the growthof biogas in EU is expected to slow
down in the next years.

Thanks to the increased penetration of RE sources, UK reduced the in gross in-
land fossil fuel use and the GHG emissions.

The penetration of RE sourcesin UKallowedreducing the gross inland fossil fuel use to
around-5%.0On the otherthis numberis relative smallcompared to Spain (-11 %), Italy (-
13 %), France (-7 %) and Germany (-10%). This can be also explained because of the more
rigid weatherin UKto respect to the other countries, requiring for longer periods heating
capacity.

On the otherhand, UKis playing a strong role in EU for reducing the GHG emissions. In par-
ticular, in 2013, the emissions have been reduced of 19.5 Mt CO,, which was the 5 % of the
total GHG. An important comparisoncanbe proposedto respect to key players in EU: Italy
(54 Mt, 11%), Spain(31.8 Mt,9%), Germany (95.6 Mt, 9 %) and France (27.1 Mt, 5%). It is
clearthatthe penetration of REin some countriesis playing a crucial role to reduce GHG:

however, in relative terms, UKis notfarfromthe percentages ofthe leading countries (EEA,
2014).

Q2 2015: for the first time RE outstrips coal generation.

One of the mostimportant resultsin UK has been obtained in Q2 2015 (DUKES, 2015). In
Figure 26 we cannote how in Q2 2015, RE outstrips coal production of+4.8 %, becomingthe
second source of productionin UK. Veryimportantis the comparison with Q2 2014, where

RE was generating -11.5 % to respect to coal generation.
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Figure 26: Electricity production, Source: (DUKES, 2015).

Storage in the current UK Energy System and potential use in the future UK En-
ergy System

Inthe current UKEnergy System the most energy storage capacityis provided by stocks of
fossil fuels (Low Carbon Futures Association, 2012):in (Energy storage in the UK electrical
network: estimation of scale and review of technology options, 2010) the electricity that
could be generated from UK stocks ofcoal and gas is estimatedaround 30 TWh and 7 TWh
respectively (Energystorage inthe UK electrical network: estimation ofscale and review of
technologyoptions, 2010). Fewsmaller electricity storage fadlitiesare connected to the dis-
tributionsystemand spread in various parts of the country. However, theyare mainly
demonstration projects involving different types of battery.

Inthe future UKEnergy System, energy storage is expected to provide the followingservices
basedondifferenttime-scales. This study has been proposed in (Low Carbon Futures
Association, 2012) and is reported in Table 2 for the sake of completeness.
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OElsa

Timescale Challenge

Seconds Some renewable generationintro-
duces harmonics and affects power

supply quality.

Potential Storage Solution

Veryfastresponse/low volume elec-
tricity storage associated with genera-
tion, transmission or distribution.

Minutes Rapid rampingin response to
changing supply from wind genera-
tion affecting power frequency

characteristics.

Relativelyfast response electricity
storage associated with generation,

transmissionordistribution.

Daily peakforelectrictyis greater
to meetdemand for heatand/or
recharging of electric ve hicles.

High-power bulk electricity storage to
meet peaksinelectricty. Distributed
electricalbatterystorage to smooth
outcharging peaks. Household level
heatstorageintanks orintegrated

into the buildingfabric.

LD EVEE Variability of wind generation

needs back-up supply or demand-
sideresponse. Increased use of
electricityfor heat causes increased
variabilityin dailyandweekly de-
mand.

Large-scale or decentralized electricity
storage to back-up wind generation.
Heatstorage at communityor build-
inglevel, use of CHP with storage to
actas abufferbetween electricityand
heat.

Increased use of electricity for heat
leads to strongseasonaldemand
profile.

Large scaleinter-seasonalheat stor-
age assodated with combined heat
and powerand district heating
schemesoruse of novel materials to
provide longerduration heat storage
in buildings.

Association, 2012)

Table 2: Challenges and potential storage solutions in the future UK Energy System,Source: (Low Carbon Futures

Future developments in the UK Energy System

In (Low Carbon Futures Association, 2012) important developments are proposed for moving
to the future UKEnergySystem. This study has been proposed in (Low Carbon Futures

Association, 2012) and is reported in for the sake of completeness.
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Development

More variable

renewable energy

Electrification of
heat

Plug-in hybrid

vehicles and elec-
tric vehicles

Low cost and flex-
ible fossil fuel

generation

Increased CHP
and district heat-

ing

Increased de-
mand for space
cooling

Greater intercon-
nection

Increased de-
mand-side flexi-
o]][14Y;

Electrical energy storage

Positive forall scales and for
both powerandenergystorage

Heat energy storage

Could be positive ifused with
combined heatandpowerasa
buffer between electricityand
heat

Could be positive - particularlyat
macro and meso-scale (system
operatoranddistribution net-
work operators managingde-

mand)

Positive at micro-scale (combined
with heat pumps), butless soat
meso-scale(less market for DH)

Uncertain—could provide addi-
tional opportunities or compete
forsomeservices

Little impact

Negative for macro-level reserve
and response functions

Negative for macro-scalein-
tersessional storage

Negative for meso- and micro-
scale storage

Positive for macro and meso-
scale storage, but negative for
micro storage at household level
(unlesscombined with micro-
CHP)

Positiveifcanhelpsmoothde-
mand

Positive for systems that com-
bine heating and cooling

Uncertain- depending onrelative

electricity prices

Little impact

Generally negative - although
opportunitiesto contribute to
increased flexibility at household
level

May contribute to increased flex-
ibility

Table 3: Future developments in UK Energy System, Source: (Low Carbon Futures Association, 2012)
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The changesinthe UKEnergySystem will have a profound impact on the markets for both
electricityand heat storage. As also highlightedinthe RTE roadmap in France (RTE, 2013),
the majorityof the scenarios forthe future show a decreasing inthe use of fossil fuels. On

the otherside two aspects should be highlighted:

* Presence of intermittent generation (increasing penetration of renewa-
bles);

* Presence of intermittent loads (increasing penetration ofelectric ve hides).

Because of the intermittent nature of generation and loads, therole of heat and electricity

storage will increase.

Energy bills in UK

Anotherinterestingpointregardingthe energy marketin UKis the pricesassocated to elec-
tricityandgas. UKranks above the European average on electricity pricesand round average

on gas prices (see Figure 27 and Figure 28).

Average domestic gas price
(medium user)
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Figure 27: Average UK domestic gas price (incl. taxes) for medium user customer for period Jan to Jun 2015 is the median
EU price, Source: (DUKES, 2014)
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Average domestic electricity price
(medium user)
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Figure 28: Average UK domestic electricity price (incl. taxes) for medium user customer for period Jan to Jun 2015 is
above median EU price, Source: (DUKES, 2014)

Animportantaspectin the energy marketis the social behavior of the customer, which will
definitelyplaya roleinthe future market. Ofgemresearchshowsthat over 60 % of people
don’trecall switching energy supplier: this could lead to a save around £ 200 per year on
theirenergybills. Anotherinteresting pointis the costs associated to gas and electricity bills:
network costs arearound 22.93 % and 25.33 % respectively, which isthe higher costs after
wholesale costs (46.55 % and 39.43 %, respectively).

In the future UKEnergy Market two scenarios can be analyzed associatedto network costs:

* Network costs willdecrease thanks to the presence of distributed genera-
tion and storage.

* Network costs willincrease because with more distributed generationand
storage, distribution operators will force higher costs for compensating
the decreasing of gas/electricity supplied to the customer.

The above twoscenarios will definitely de pend on politicalchoices and opening of the mar-

ket to new energy entities such as aggregators.
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3.1.5 Spain
Responsible Partner: Nissan Europe
Renewable electricity generation capacity

The trulyintegration of renewables energiesis the one of the most challenges bythe opera-
tion system. It asks important challengesand due the high complexity for the operator sys-
tem, between others particularities, the limited i nterconnection capacity with continentals

Europeans countries also the design of demand’s peninsular curve.

By the beginning ofthe new interconnection with France, meaninganexpansion of current
capacityforboth countries. Theimprovement of interconnections can allow few limitations
requirementsinthescenarios of highlevel energy production by RE, facilitating electrical
energy exportation to others electricals systems.

Otherwise, the demand’s peninsular curve changes in function of periods of year, day of
week, temperature, etc. althoughits more remarkable characteristicbythe difference in the
consumptionduringpick hours andvalleys. Forthese, the electrical energy production uni-
tiesmustwork in a more exigence wayand more flexible for covering the demand curve
during the day. [t was incremented, especiallyinthe last years due the augmentation of RE

ininstalled system also the use priorityin comparison of the others technologies.

Energyproductionfromrenewable sources represented 37 % of the total generated in the
Spanish Peninsulaelectricity system (REE, 2016). For yet another year, noteworthy is the
important role of wind power generation, whose contribution to the annualenergy produc-
tion reached 19%, which ranks thistechnologyinthird place in terms of participation of the

different types of energy for demand coverage, just behind nuclear and coal.

In addition, in 2015 the maximum valuesof wind production registeredin recent years were
exceeded:yearly maximums forinstantaneous wind power production (17.5 MW), hourly
energy(17.4 MWh) and dailyenergy (357.7 MWh). Also registered in the contribution of
wind powerto demand coverage reaching a figure of 70.4 %. To enable the operation of an
electricity systemwith such a high penetration of renewable energy under safe conditions,
the role of CECRE (Control Centre of Renewable Energies) is essential.
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Figure 29: Electric Power generation resources, Source: (Ministerio de la Industria, Energiay Turismo, 2014)
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The effort of Red Eléctra (REE) bythe integration ofrenewableis revealed day after day by
the effective functioning ofthe CECRE, the technological pioneeringtool by means of which
there is confronted the challenge of incorporatinginto the electrical system energies that
have a great variability, difficult predictabilityand minor capacity of adjustment to the de-
mand, forits dependence of the climatic conditions. The functioning of this control centre,
world modalintheintegration of renewable, offers a great capacity of response to identify
the risks andto anticipate the behaviours of these intermittent energiesandto compensat-

Evolution of electru: pnwer prnductmn (2000-2013)
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Figure 30: Evolution of electric power production (2000 - 2013),
Source: (Ministerio de la Industria, Energia y Turismo, 2014)

ing great variability, without compromising the quality and safety of the supply.
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The role of CECRE is contribute to the production of renewable energies in the electrical
peninsularsystem. It represents more than 40% of the annual production of energy during
the lastyears, reaching insome case, values ofhourly coverage superior to 80%, with the
consequent reduction of the energetic foreign dependence.

Electric Power Production of RE in 2014
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Figure 31: Electric power production of RE in 2014, Source: (Ministerio de la Industria, Energiay Turismo, 2014)

As presentedinTable4,itis possible to analyse the integration of renewable energies (% on
the demand). RE’s have contributed forthe electrical peninsular system represents more
than 40 % of the annual production ofenergyduring the last years, reaching in some case,
values of hourly coverage superiorto 80 %, with the consequent reduction of the energetic

dependence.

2009 2010 2011 2012 2013 2014 2015
Integration

of RE (% on

demand)
Table 4:Integration of renewable energies Spain, Source: (REE, 2016)
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Figure 32: The integration of RE (% on the demand), Source: (REE, 2016)

Variation of different contributions to electricity generation

In 2015, Spanish consumption has beenabout 263.1 TWh. The electrical energy production
in 2014 in the national set promoted 277.8 GWh, 2% lower than that of the previous year
(Ministerio de la Industria, 2014) The structure of generation shows an increase of the pro-
ductionwithsome renewable energiesas hydroelectricorsolar thermoelectric. The wind
generation hasincreasedits contributionabouta 1%, a percentage verylower than that of
the previous year. Thus, the nuclear production power stationsincreased a few (1 %). The
productionwith coalincreased 5,5 % afterthe important decrease of 25.8 % that had the
previousyear, givingplace to an increase of the participation ofthe coal inside the total na-
tional setand placingin 16.1 % in 2014.

The production with oil products, includinguse as fuel of supportin some plants, that use
principally otherenergies, has raised 3 % and weightinthe structure of generation is 5,1%;

continues the significant decrease of generation.

The gas cycle combined generation has gone down, in 12.8 %, continuingthe trend of previ-
ous years andalsothe cogeneration with gas 15.5%. The consumptionsingeneration have
been 1,9% lower than those ofthe previous year, forthe minor participation of the plants of
natural and major gas of the generation with renewable energies. Finally, before transport
and distribution and without reduced the consumptions of other sectors transformers of the
energy, lowereda 1.7 % in relation with that of 2013, with decrease of the exporting balance
of international exchanges and of the consumption in pumping.

In fact, forthe Spanish grid, stationary storage systems can be helpful to adjust the balance

between generation and consumption curve’s profiles.
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Electricity spot and futures market

Spanish wholesale electricity markets witnessed a gradual decrease in monthly average
baseload pricesinthefirst quarter of2015. While inJanuary 2015 the average price was 53
€/MWh in Spain,in Marchthese numbers were 44 €/ MWh, being the lowestsince the sec-
ond quarter of 2014. However, the January monthly price was above the December 2014
average, astheshare of hydroandrenewable generationsources decreased in the power
mix. In Februaryand March 2015, as the share of renewables and hydro started to rebound,
wholesale electricity prices began to decrease (OMIE, 2015).

On 20 February 2015 a new electricityinterconnector hasbeen inaugurated between Spain
and France, (between Baixas insoutheast France and Santa Llogaia in northeast Spain, witha
length of 65 km being the longest s ubterranean electricityinterconnector in the world) in-
creasingtheinterconnection capacities from 1,400 MW to 2,800 MW. This developmentis a
definitive contributionto the implementation of internal electricity marketin the South
West Europeanregion; however, inspite of increasing interconnection capacity furtherin-
vestments ininfrastructure are needed to achieve a full integration of the region to the

North West European.

Although the absolute price differential between France and Spain was less than 1 €/MWh in
March 2015 on monthlyaverage, falling to several years’ low, which might be related to the
reinforced interconnection capacity betweenthe two countries, the impact of the newinter-
connectorcan only be fullyanalysed by looking at the data of the next months.

In contrastto manyother parts of Europe, where the end of the year saw a surge in wind
power generation, inSpain wind availability remained limited. Low wind generation coupled
with the dryseason with dwindling hydro reservoir levelsand subsequently low hydro based
generationresultedinincreasing electricity generation costs, as the share of fossilfuels went
up inthe power mix. However, decrease in natural gasand coal prices kept a lid on the in-
crease in electricity generation costs.

The significant price fallinwholesale electricity prices inthe Iberian-peninsula was mainly
due to the arrival of rainier weather, enablingthe ramp-up of hydrogenerationinthe coun-
try inJanuary 2016. Furthermore, wind generation alsopickedup inJanuary and February,
andinthesecond month 0f2016 renewables and hydrotogetherassured 54 % of the elec-
tricitygenerationinSpain, which was a remarkable increase compared to December 2015,
when this share was only 28 %. Fossil fuel pricesreached theirlows in first quarterly 2016,

which also helped in decreasing electricity generation costs.

Sudden pricefallsin the Iberian market resulted inincreasingelectricity flows fromSpain to
France in some periods, however, the limited electricity interconnections between the two

countries, the existing market could not be fully exploited and price differentials.
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Use of battery storage systems

In Spain, use of storage systems are quite usually forthe main reasons below:

(1) To optimisethe frequency control. Storage systems can be useful
when the consumptionis higher orlower than the system expects. En-
ergystorage plants canalsocanregulate tension with very quickly re-
sponse helping the system operation.

(2) Balance betweengeneration/consumption. Motivated byincreasing of
the flexible generationand development of managementtools of the
demand, energy storage systems are able to improve the prediction at

local scale as an adjustment service.

(3) REintegration. Thewidespread adoption of renewable energy re-
sources, energystorageis equally useful. As is oftennoted, these en-
ergysources areintermittentinnature, producing energy when the
sunis shiningandthe wind is blowing. By storing the energy produced
and deliveringitondemand, these cleantechnologies can continue to

power the grid.

As anillustration, Almacena’s Projectis a storage system witha powerof 1 MW and a capac-
ityof 3MWh, establishedin 2013inCarmona's substation 220/400 kV in the province of
Seville. It stores and returns to the system, the e quivalent of consumption of 100,000 homes
during more thanfive hours. The project Almacena, has culminated satisfactorilyits first year
inservice, in thatthe companyhas realized 180 daily cycles of load and total unload of this
system of storage electrochemical of electric power. It hasgiventhefirst steps to validate
technicallythe opportunities of improvement in the guarantee of the supply and in the en-
ergy efficiency, betting fora majorintegration of REin the system (REE, 2016).

Figure 33: Almacena's Projet in Sevilla, Spain, Source: (REE, 2016)
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Due a control system designed specificallyfor REE, the systemis preparedto storetheener-
gy inthoseoccasionsinthatitcannotbeabsorbed by the system for lack of demand; so,
energyallows to storeinthe periodvalley of the curve ofthe demand (hours of the day with
minorindustrial activityand consume, generally, inthe night)to use itaccording to require-
ments ofthe system, inanother moment. Almacena seeks to optimize the utilization of the
renewable generation ofthe Spanish Peninsula. More than43 % of the electricity stored in
batteries ofion-lithium wasproduced fromRE. Also, Almacena improve value of this tech-
nologyforthe management optimized ofthe curve of the demand. It has aptitude to sup-
portthe stabilityof the gridand guarantyingthe functionalityof the systeminthetechnical

ranges of tension established.

As shown above, the major presence ofrenewable generationandits variable nature, also
with the need to manage important differences between thetopandthevalleyof electrical
demandto operate the system guaranteeing the safety and the quality of the supply. It
makes systems of energy storage an effective mechanismto assure the integration of re-
newable and to improve the efficiency and sustainability of Spanish energetic model.

3.2 Bottlenecks in the power grid

Responsible Partner: Allgduer Uberlandwerk

Due to the fact of more and more distributed energyresources (DER), increase of interna-
tional energytrading and atleastin Germanynuclear phase-out, bottlenecks inthe distribu-
tion and transmission grids will rise (Schmitz, 2013).

Basically, bottleneck-management describes all activities that a grid operator uses to avoid
overloading oflines inits respective grid area (Bundesnetzagentur, 2013). The following bot-
tlenecks are being managed alreadyinthe electrictygrid. First, the actual problem or reason
fora bottleneck will be explainedinashort description. Furthermore, the current method
respectively solution to solve/avoid the problem is described as well.

Transmission level:

Problem: Limited transmission ca pacities between price zones, countries or reg-
ulationzones (f. e. interconnectors between Germany and France or
France and Great Britain)

Actual solution:  The limited capacty between price zonesis offered forsale byauction.

Problem: Limited transmission ca pacities inside regulation zone (f. e. between
northern and southern Germany)
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Actual solution: 1. The limitation within price zones, which is mainly generated by DER,
is managed proactively, i.e. before bottlenecks emerge, by redispatch-
ing of power production(see 5.1.3and5.2.5) as well as justin time by
shutting down conventional and/orrenewable power plants.

2. Grid extension

Problem: Loop flows whichare unplanned power flows within the European
grid, triggeredf.e.byhigheramount ofpower being traded than the
real grid capacitybetween Germany and Austria allows. The power
takesadetourbyspillingoverintothe power grids of neighbouring
countries (Russel, 2015), (Gawlikowska-Fyk, 2012).

Actual solution: None

Possible solution: Splitting intosmaller market zones, limitingamount of tradable energy
to available grid capacity, phase shifters on the sides of the spilling ar-
ea orincrease of grid capacity (Russel, 2015).

Future solution TSO:1. Further extension of transmission grid

2. Use of different storage systems inorder to provide peakshaving of

high production orload cycles.

Distribution level:

Problem: Limitation of powerratingof maximum DERfeed in capacityinto low

and middle voltage grid

Actual solution: In casethedistribution grid has free capacity DER can be connected. In
casethecapacityislimitedthe gridexpansion has to be paid by the
grid operator, DER operator, both ofthem or can be refused, all de-
pending onthe national lawof the countries of the European Union.
(RES LEGAL, 2012).

Problem: Feed in from DERand conventional power plantsintodistribution grid
exceeds actual loads and no free transformation capacity to transform
surplus electricity to highergrid level, or higher grid level does not
have capacityto absorb electricity from distribution grid.

Actual solution: 1. Reduction of feed-infrom DERand conventional power plants. If
possible start of bigloads in the distribution grid like pump storage hy-

dro power stations.

2. Extension of grid and transformation ca pacities between grid levels
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Future solution DSO:1. Grid extension

2. Use of different storage systems inorder to provide peakshaving of
high feed-in production or loads.

3. Extend controllability of feedin plants orloads like heat pumps in
orderto lowerneedto transformsurplus energyin distribution grid
level to transmission grid

The European Network of Transmission System Operators for Electricity (ENTSO-E) states in
its 10-year network development planfrom 2014 that the investment cost forthe European
transmission grid fromnow till 2030 wouldreach 110- 150 billioneurosinorder to prevent
bottlenecks. The countries with the biggest investment needs are Germany (ca. 50 billion €),
GreatBritain(ca. 16 billion €) and France, Norway, Italy, Spainand Belgium (together ca. 30
billion €) (entsoe, 2014).

The studyfurthermore states that 80 percent of the needed extensions are necessaryin or-
dertointegrate DERintothe gridanddistribute theirelectricity. The other 20 percentare to

guarantee system reliabilityandto be readyforthe period 2030 to 2050. (entsoe, 2014). The
main expected bottlenecks can be seen in Figure 34.

Othervoices like the study “Der zellulare Ansatz” (the cellular approach) (VDE, 2015) state
thatup to 50 % of the costs for grid expansions can be saved byintroducingsmall scale en-
ergycells which balance theirdemand and productionlocally (HeinzWra neschitz- Bayrische
Staatszeitung, 2016) . The energy cells are verysimilarto the Blockof Energy Units definedin
ELSA project.
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Figure 34: Main bottleneck locations and typologies expected from ENTSO-E; Source: (entsoe, 2014)

Therefore, it seems thatthe solution inorder to prevent bottlenecks in the power grid will
be a mixbetween increasing the grid capacity and the simultaneous introduction of
small/medium scale energy cells. Such energycells are very similar to the Block of Energy
Units definedin ELSA project, withtheiradvantages of regulating generation —demand
matchinglocally. For more information about this topic pleasehave a look at deliverable 1.2

of work package 1.
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3.3 Need for additional flexibility in generation-demand matching

Responsible Partner: B.A.U.M. Consult

In this subchapter, the need for flexibilityin generation-demand matching as a function of
the rate of renewable electricity generation contributing to the electricity supplyis exam-
ined. Conventional electricity supply systems re quire flexibility, but usually to a lesser extent
than predominantly renewable electricity supply systems. Hence, there is a need of addi-
tional flexibilityin most cases when an electricity supply system is transformed to a mainly
renewables-based one, and potentiallya market for battery systems.

Itis important to note that the flexibility need identifiedinthissubchapteris different from
the market for flexibility. First of all,the considerations presentedinthe following reflect the
need for flexibility from a perspective of overallsystem optimisation. The optimised parame-
teris usuallythe average levelised cost ofelectricity (LCOE) underthe condition that a cer-
tain technical performanceis achieved. Inappropriate market rulesandregulations and as-
pects suchas a desire for partialor complete supply autarchy or fascination with storage
technologywhichinfluence real market behaviour of customers are disregarded. Not taken
into account are also aspects of current or forthcoming market designs which might prevent
the marketto moveintoa directionwhich is optimal from a technical system or overall eco-
nomic point of view.

3.3.1 Flexibility in the conventional electricity supply system

In the case ofconventionalelectricity supply, energystorage is used atlarge scale, butit
happens essentiallyatthe beginning ofthe energyservice provisionchainin the formof coal
orbiomasspiles, petrol or natural gas reservoirs, nuclear fuel rods, or storage reservoirs of
hydropower stations. Storage atthe end of the chainisused to a much lesser extent and
happens mainlyin form of the energy service that is provided: heat, cold, products and oth-
ers. Freezing and cooling houses store cold, and hot water reservoirs and the building fabric
store heat. Ineach production process, storage ofauxiliarymeans such as pressurized air
and of intermediate and finalproducts takes place. This is equivalent to the storage of ener-

8gy.

Rathersmall quantities ofenergyare stored along the energy service provision chain oratits
end. Examplesarefuelsin mobile andstationarytanks, heatstoredindistrict heating grids,
rotational energyof turbinesand generators in power plants, electric energy stored in ca-
pacitors andinductances. Direct storage of electricityis only possible insmall quantities in
capacitors andinductances. All other forms of electricity storage involve the conversion into
another form of energyand back into electricity, and thus conversion losses.

D5.4 Second study of the economicimpactinthelocaland national grid related

. 71
to all demo sites



Energy Local Storage Advanced system O 6 ‘ SO

Examples are pumped hydropower plants, batteries, compressed air storage, flywheels, and
otherforms of mechanical energystorage. Hence in contrast to the storage of heatand
fuels, the storage of electricityis rather difficultand more expensive. In the conventional
electricitysystem, itis widelyavoided.

Fossil fuel storage and generation management of thermal and storage hydropower stations
provide the major part of flexibilityinthe electridty sector. Coal, petrol and natural gas stor-
ages, combined with at | east partially dispatchable® power plants allow generating electricity
very much in patternwiththe demand. The dispatchability of conventional power plants
varies quite a lot between different technologies. Lignite and nuclear power plants have a
low maximumramp rate that means their poweroutput can be modified onlyslowly. For
this reason, such plants are little dispatchable. Further, their power outputis restricted to a
limitedrange, e.g. between40% and 100 % of their nominal power. Hard coal power plants
canvarythe poweroutput quite flexibly. In Germany, they provide a major part of the con-
ventional generation management today. Gas powerand storage hydropower plants can
varytheirpoweroutput between 0and 100 % withina quarter of an hour about. Thus, a mix
of nuclearanddifferent fossilpower plants combinedto a strong electricgrid as it exists in
many European countries is s ufficiently flexibleto avoid major storage atthe end of the ser-
vice provision chain and demand-side response.

Short-term differences of generation and demand are mainly balanced byadaptation of the
generation, thus makinguse of the huge fuel stores at the beginning of the service provision
chain,andverylittlebystorage atthe end of the chain. If applied, the latteris mostly
pumped hydropower storage. At the time-scale of a fewseconds and below, storage comes
into playinthesensethattheinertia ofrotatingturbines and generators in large power
plants represents a kind of inherent mechanical storage of energyinthe form of rotational
energy.|fthedemandis higherthanthe instantaneous generation, these rotating masses
are slightlyslowed, and when the demand is less, the rotation is accelerated.

3.3.2 Features of renewable energies impacting flexibility need and choice

Unlike the mainly non-renewable conventionalenergysources, renewable energy sources
do notconsist ofreservoirs of energy, but offlowing sources: solarirradiation, wind, hydro-
currents. The French expression “énergies de flux” highlights this aspect. Exceptions from
this rule are biomass, geothermalenergy, and storage hydropower. Geothermal heatisalso
flowing, butthe earthrepresents a huge heat storage andthe power of a geothermal plant

3 The Italian expression ,energie/ fonti programmabili“, opposed to ,energie/ fonti non programmabili“ used
for solar and wind power, put the crucial point a bit better into perspective. See for instance:
http://www.rinnovabili.it/energia/rinnovabili-n on-p rogrammabil i-sunrise-666/ [retrieved on 13 June 2016]
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dependsonthe pumprateatwhichhot wateris taken out of the soil, not on the natural
geothermal heat flow. Biomassand storage hydropowerare onlyflowingsourcesina wider
sense. Flowingwater fills the latter, the formeris an intermediate step in a systemof closed
cycles of energy, carbon-dioxide, water and nutrients. Theiractual manifestations are stor-

ages, not flows.

Hence, renewable energyprovision cannotrelyon storage atthe beginning of the service
provisionchainin most cases and the first step of using renewable energies, exce pt biomass,
geothermal energy, and stored hydropower, consists in the conversion ofthe source energy
into anenergycarrierwhichcan bedirectlyusedorstored. In most cases, the primary re-
newable energy flow is convertedinto electricity, because the conversion devices with the
highest potential, PV and wind power plants, generate electridty. In some cases, the primary
energyflowis convertedintoheat, e.g. bysolarthermal collectors, and veryrarelyinto a
fuel, mainlythrough processingof biomass. Direct conversion of sunlightinto a fuel, e.g.
hydrogenexists, butis done onlyatexperimental scale. That means the majority of renewa-
ble energyis made availablein the form which is the most difficult to store: electricity.

The devices needed forthe conversion ofthe primaryrenewable energy flows into electrici-
ty, PV and wind generators, hydropower plants, geothermal power plants and others cause
investment costs, but only biomass plants have significant operating costs. Once, the con-
version devices areinstalled, itis reasonable to let them generate electricityas much as the
instantaneous availability of solarirradiation, wind, water flow etc. allows. In economic
terms:the marginal costs ofrenewable electricity generation are almost zero for all renewa-

ble energy sources except biomass.

Generation management ofrenewable powerisverysimpleand can be done within frac-
tions of seconds by electronicregulationorbyadjustingthe blade pitchangles of wind tur-
bines orthe waterthroughput of a hydropower plant, butthe powercanonlybe varied be-
tween zero andthe instantaneous maximum power. The latter depends on the primary re-
newable energy flow which is often fluctuating, inthe case of solarradiationorwind power
even highlyfluctuating, orevenverylow orzero. Therefore, the resulting generation can
often not matchtheinstantaneous demandevenifthe option of generation management is
fullyexploited. This is a fundamental difference to conventional power generation. Further,
generation management of PVandwind power between zero andtheinstantaneous maxi-
mum power (curtailment)is not desirable because they have merely zero marginal cost.

Theoretically, the power demand canalways be met by fluctuating renewable power gener-
ationupto a certain level, e.g.98 % in the case of remote electrification, by oversizing the
renewable power generation capacity and curtailing the generation if the instantaneous
demandislowerthanthe generation. However, acceptable | evels of supplysecurity imply a
significant oversizingof the generation facilities and very high costs. Hence, the need for
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appropriate combination of different and complementary fluctuating re newable power gen-
eration, e.g.PVandwind power, andits combination with dispatchable power generation
from biomass or hydropower, and the application of storage and/ demand-side response in
addition to generation management.

In summary, the point which marks the essential difference betweena mainlyconventional
and a mainlyrenewable energysystem withregardto storageis thattherenewable energy
technologies which have byfarthe highest potential, PV and wind power convertors, gener-
ate electricityand are highlyfluctuating. This impliesthat (1) a shift towards renewable en-
ergies goes along with a shift towards electricityas main energy carrier, (2) storage, other
flexibilitiesand cross-energy carrier options need much more attention because electricityis
a form of energy which is very difficult to store comparedto fuels and heat,and (3) storage
happens somewhere alongthe energyservice provisionchainoratits end, notatthe begin-
ning.

3.3.3 Predominantly dispatchable renewable electricity supply of entire countries

A high share of dispatchable renewable power generation from hydropower, geothermal
energy, biomassorbiogas providessufficient potential for generation managementallowing
to match the instantaneous power demand without a significant need for other flexibility in
the system, even if renewables meet 100 % of the power demand. An example of countries
supplied predominantly by dispatchable renewable energysources are the Latin American
countries. As (WWF, 2014) reports, several ofthem arealready close to 100 % renewable
powersupply. The listis led by Costa Rica* witha highhydropower, geothermal and wind
poweruse, followed by Uruguay®, Brazil, Chile and Mexico. A major driver of investments
into PVandwindpowerin Latin America is climate change which increases the risk that hy-
dropower generationdrops as a consequence of long draughts as recentlyseenin Venezue-
la®.

* The national utility Compafiia Nacional de Fuerza y Luz S.A.(CNFL) generates electricity essentially from hy-
dropower and wind power and has been certified as carbon neutral utility on 8 April 2016,
https://www.cnfl.go. cr/index. php/perfil-cnfl/noticias-sobre-la-cnfl/260-cnfl-celebra-75-aniversario-con-

carbono-neutralidad ([retrieved on 14 June 2016]

® |n the first months of 2016 renewables covered 98 % of the electricity supply of Uruguay, in 2015 the contri-
bution was 92.8 %, but that of PV only 0.4%, http://www. pv-magazine-

latam.com/noticias/detalles/articulo/presentan-proyecto-solar-en-el-aeropuerto-de-
montevideo 100023304/ [retrieved on 14 June 2016]

® BBC News, 22 April 2016, Venezuela cuts power for four hours a day to save energy,

http://www. bbc.com/news/world-latin-america-36108295 [retrieved on 14 June 2016]
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3.3.4 Predominantly fluctuating renewable electricity supply of grid-connected areas

Fora few hours peryear, the contribution offluctuating renewables to the overall German
powersupplycomes close to 100 %, thus showingthat even a densely populatedindustrial-
ised countrywith litle natural energy resources can be supplied predominantly with fluctu-
atingrenewable energies atleast forshort periods of time. For smaller areas, fluctuating
renewablescontribute up to 100 % oreven more than 100 % to the power supply even all
yearround. Forinstance, the State of Mecklenburg-Western Pomeraniahad a renewables
rate of 130 % and the State of Schleswig-Holstein a rate of 100 % on the averagein 2015. In
both states, wind energyprovidesthe major part ofthis fluctuatingrenewable generation.
There are basicallytwo ways how the difference betweengeneration and demand is bal-
ancedinthose areaswhichare occasionallyoreven most of the time generating as much
electricityfromwindor PV poweras is consumed in the same area: (1) adjustment of con-
ventional power generation, and (2) export of surplus generationto,and compensation of
lacking generation through imports from, otherareas and neighbouring countries. The for-
merwill no longerbe possible when conventional power generationwill be phased out, the
latterwillno longer be possible when neighbouringareasand countries switch to predomi-
nantly fluctuating renewable electricity generation, too. Then, areas with a predominantly
fluctuating renewable electricity supply will have a high need for flexibilityin form of either

storage ordemand-side response even though theyare connected byelectricgrids to other
areas.

3.3.5 100 % renewable electricity supply of smaller entities

100 % renewable electricity supply from PV-battery storage systems exists for several dec-
ades already. A few millions of small decentralized PV-battery off-grid systems forapplica-
tions including ticketing machines, solar home systems supplyinglighting, radioand TV, solar
powered medical centres, PV drinking water systems, PV irrigation systems, telecommunica-
tion repeaterstations, and others have beeninstalled worldwide. Most of themarein usein
countries atlowgeographical latitude and the storage simply needs to balance generation-
demanddifferencesfora period of several hours upto several days. Some systems such as
urban ticketing machines or telecommunication repeaterstations which have to function
with a veryhigh reliability, are installedin countrieswith a verystrongimbalance between
the solargeneration insummer and winter and therefore equipped with a comparatively
large batterydesigned to ensure smooth operationforseveral days even in the month with

the lowest solarirradiation.

Germania, 2 Lander producono gia il 100% d’elettricita da rinnovabili,
http://www.rinnovabili.it/energia/eolico/germania-lander-100-elettricita-rinnovabili-666/ [retrieved  on
8 June 2016]
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Evaluating the needfor flexibility, this is the need for storage of such applications, is an es-
tablished engineeringpractice. Table 5 shows some examples of 100 % PV el ectricity supply
based on (Wagner, 2010).

Table 5:Stand-alone electricity supply with PV-battery systems, Source:

daily average PV

electricity power generator battery PV/

demand demand power capacity demand storage average loss ofload
Application [kWwh/d] kW] [kw] [kwh] [kW/kW] time[d] availability probability
solar home system in Philippines 0,44 0,02 0,16 1,2 8,8 2,8 0, 88000 0,12000
village in Senegal 60,00 2,50 21,30 207 8,5 3,5 0,96000 0,04000
medical refrigeratoratequator 1,52 0,06 0,96 9,6 15,2 6,3 0,99900 0,00100
week-end cottage in Berlin 0,17 0,01 0,08 1,2 11,6 7,2 0,99000 0,01000
single family house in Bozen/ Italy 1,17 0,05 0,8 4,8 16,4 4,1 0,90000 0,10000
repeaterstation 0,273 0,01 0,68 3,12 59,8 11,4 0,98000 0,02000

Recently, astudyhasbeen presented bythe Australian energy managementconsultant En-
ergeiawhichindicateswhich 40 Australiantowns should be the first to cut the link to the
existingelectricity transmission grids as reported by (Parkinson, 2016). Australia is an ex-
treme case of anindustrialised country. There exist two transmission grids, one along the
eastern coast, another one along the central part of the southern coast. The major part of
Australiais not connected to a transmission grid, but supplied with electricity locally. Much
usedarediesel generators. Withinthe areascovered bythe transmission grids, the density
of the electricitydemand is verylow and the transmission grid is over-dimensioned. The re-
sulting grid costs alone are as high as 20 €ct/kWh.

Rapidlyfalling prices for PV systems and batteries have now led to a situation where off-grid
supply of manyAustraliantowns, mainly with PV-battery systems, is cheaper than conven-
tional powergenerationandtransmission via the grid. Inorderto prevent an uncontrolled
disconnection of Australiantowns fromthe transmission grid, thus leading to a rapid in-
crease ofthe grid costs forthose whoremain connected, Energeia hasevaluated for which
towns off-grid supplyis most cost effective compared to remaining grid-connected, and rec-
ommendedthatthese towns should disconnect first. The recommendation of Energeiais in
line with numerous statements of the Australian grid operators.

The Australianexample shows that eventhe maintenance ofthe electrictransmission grid
mightbe less cost-effective than electricity storage. Though the situationin Europe is much
different, it highlights thatin the case of verylow electricity consumptionandlong distances
from central power plants, local off-grid supply with renewable electricity and battery stor-
age to balance generationand demand might be a suitable option. In Europe such situations
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can be found in mountainous regions, onislands,and in sparsely populated parts of the

countryside.

3.3.6 Model calculations for high fluctuating renewable supply of large areas

Various modelcalculations have been performedinorderto assess the need for flexibility in
electricitysupplysystems at the level of entire countries, parts of countries or groups of
countries. Several of these models evaluate the upper limit of flexibility needs by investigat-
ing onlysolarand wind energy converters as electricity generators, thus studying the ex-
treme case of exclusively fluctuating electricity generation. In real electricity supply systems
extendingoverentire countries, the generation mix will usuallycontain other sources and

the need for flexibility will presumably be lower than these models predict.

An outcome ofthese model calculations isamongothers the optimummixof solarand wind
powergenerators. Acommon result of several calculations is that a mix of roughly equal
parts of windand PV powergenerationinterms of generated electric energyis the optimum
mix. That means, ifenergystorages are the only flexibility option considered, the storage
capacity needed to deal with the fluctuations of such a generation mixin a way that the
equallyfluctuating demand is always matched, has a minimum forroughly equal contribu-
tions of PVand wind powerto the electricity supply. A further common resultis that this
flexibility minimum is verybroad and deviations from it do notincrease the overall system

costs very much.

Generally, the fareranareais situated awayfrom the equator, the higheris the optimum
share of wind power. The closeritis situated to the equator, the higheris the optimum
share of PV.Insouthern Europe a highershare of PVinthe generation mixis better. This is
due to the better seasonal balance of PV power generation at lower latitudes and the relat-
ed lowerneedforseasonal storage if PV power provides a significant share of the power
generation.

ForDenmarkforinstance, an optimummixof 80 % wind and 20 % PV electricity supplyin
terms of generated electric energy has beenidentified (Andresen, 2012). Considering that
wind energy converters in Denmarkachieve approximatelya three times higher number of
fullload hours than PV plants, this corresponds to a mixof42 % PVand 58 % wind in terms
of nominal power.

Forthe purpose of the ELSA project, itis important to understand that such model calcula-
tions tend to overestimate the overall need for storage, iftheyinvestigate the extreme case
of 100 % fluctuating power generation, but tend to underestimate the need for short-term
storagesuch asitcanbe provided bybatteries. Thereasonis thatall modelshave a limited

spatial and temporal resolution. The area consideredis usuallycutintoa limited number of
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elementaryspatial elements, the area cells, with a minimum size, forinstance 10 km x
10 km.

The model algorithms balance the total generation and the total consumption ata given
moment withinthe cellarea and calculate the required need for flexibility, including electric-
ityimports and exports. The real demand for flexibilityis a bit larger because the exchange
of powerwithinthe cell area is not perfect - it's nota “copper plate” —thus putting re-

strictions on the balancing effect of the grid within the cell.

A similareffect has the choice of the time-step of the calculations. If the calculationis made
with a time-step of one day, the daily variation of PV power generationis completely blurred
and the amount of short-term storage at time-scales up to one dayis strongly underestimat-
ed.The same applies for shorter time-steps and storage for shorter durations. Always, the
amount of storage is underestimated which is needed at time-saales shorter thanthe chosen
time-step.

Inthe light ofthese considerationsitis not surprising that models investigating the extreme
caseof 100 % PV and wind power supplycome out with verylow estimates of the required
short-term storage capacity, but noteworthythattheidentified needforlong-term storage

is very modest, too, though much larger than thatidentified for short-term storage.

3.3.6.1 MOSES model calculation for East Germany

Forthe east of Germany (50hertz zone), a model calculation ofthe optimum PV-wind mix in
a PV-wind-onlysupplyscenariohasbeen executedinthe model MOSES bythe NEXT ENERGY
- EWE Research Centre for Energy Technology with hightemporal (15-minute time-steps)
and spatial (10 km x 10 km) resolution.® Amixof 71 % energy from wind and 29 % from PV
has beenfound for meteorological and consumption data of the year2011. Thisis coherent
with the findings for Denmark which is situated at slightly higher latitude forwhich a mix of
80 % energy from wind power and 20 % from PV was found.

Furthercalculations ofthe optimum mix were executed with time-steps of onedayand one
week. Thisis equivalent to assuming the existence of short-term balancing of supply-
demanddifferencesatthese time-scalesbyappropriate measures (demand-side manage-
mentandshort-term storage) and it provides an estimate of the optimum mix of wind and
PV electricity generation withregard to the need forlong-term storage. The resultis that the
optimum is shifted to about 40 % wind and 60 % PV energyif i ntermittent generation is bal-

ancedatthescaleofoneday,andto about50% windand50% PV energyifitisbalancedat

8s. Weitemeyer, T. Vogt, C. Agert, Energy system modelling — a comprehensive approach to analyse scenarios
of a future European electricity supply system, in: proceedings of IRES 2012, p. 426 et seqq.
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the scale of one week. The remaining need for storage decreases inthe model withincreas-
ing time-stepwhat shows thatthe needforlong-term storageis reduced if sufficient daily
and weeklystorage or equivalent flexibility is provided. However, the MOSES calculations do
not provide informationabout the amount of s hort-term flexibility implicitlyassumed to be

available when doing the model calculation in daily or weekly time-steps.

3.36.2 GENESYS model calculation for EUMENA region

(Bussar, etal., 2015) describe a model calculation performed with the simulation tool
GENESYS which allows to optimize the allocation and size of different generation technolo-
gies, storage systems andtransnational grids of a European power system. The source code
forthe simulationtool is available free of charge under a publiclicense. I[tcan be freely pa-
rameterized bythe userwhichallows the study of different electricity systems under the
users’ assumptions withregardto load, generation potential and cost structure of the differ-
entsystemcomponents. The area simulatedinthe workunderlying (Bussar, et al., 2015) is
the EUMENA-region, comprising Europe, the Middle East and North Africa. Itis brokendown
into 21 regions connectedvia 49 modelled highvoltage direct current (HVDC) connection
lines. The countries France, Spain, and Italyare consideredas a single region, respectively,
UK and Irelandformoneregion jointly, Germany is broken down into 3 regions, etc. The
demandis taken from ENTSO-E |oad records. The generationis calculated based on historic
measurements provided by MeteoGroup. Batteries, pumped hydropower storage (PH) and
hydrogen (H2) are considered as flexibility elements to compensate the fluctuating genera-
tion from PV and wind generators. The modelled HVCD lines are considered as flexibility next
to storage.

The results of the standard s cenario which re presents the economic optimumshow a gener-
ationpowerof 4,550 GW, splitupinto PVandwind power generation capadity,i.e. in terms
of nominalpower, ina ratio of60:40 on global scale forthe EUMENA region. Within the in-
dividualregions, the split can deviate very much fromthis overall optimum mix. The total
generated electridtyfrom PVis 3,900 TWh/a, which corresponds to an average of 1,400 full
loadhours (FLH), while wind power contributes 3,700 TWh/a, which corresponds to 2,000
FLH. The capacity of long-term storage systems needs to be 800 TWh (10.5 % of the total
electricenergydemand), the total electrolyser power 900 GW, andthe total power of com-
bined cycle gasturbines required to generated electricity fromthe stored hydrogen 550 GW.
Forshortand medium term storage, only 2.7 TWh of hydropower storage (0.04 % of the
total electricenergydemand)and 1.6 TWh batterysystems (0.02 % of the total electric en-
ergydemand) are needed with a hydropower capacityof 190 GW (18 % of peak load) and
320 GW (30 % of peak load)battery power. The peak load ofthe system is 1,060 GW which
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equals the amountofallstorage output units®. 36,000 km of HVDClines with a grid momen-
tum of 503,000 GW*km ensure a strongs patial balance thus limiting the storage need to the
mentioned values. The average HVDC connection has a net transfer capacity (NTC) of 14 GW.
The maximum is 50 GW, but most connections are in the 5-10 GW range, and only three
above 20GW (betweenthe UKand France, between France and Italy,and between Turkey
and the Balkan countries). The levelised cost ofelectricity (LCOE) is 9.67 cteyg1a/kWh which
reflects the generation, storage and HVDC-transmission cost. Out of this wind generators
accountfor38% of the LCOE, PV for30%, hydrogen storage (electrolysers and combined
cycle gasturbines) for 17 %, batteriesfor4 %, pumped hydrostorage for3%,andHVDCgrid
linesfor8%. The costassumptions for grid lines and generation and storage units reflect
today’s prices. Hence, the LCOE willinfact be even lowerifcurrent forecasts of PVand wind

power cost reductions are considered.'®!

A sensitivityanalysishas been performedinorderto evaluate the effect on the LCOE of re-
ducingone orthe otherflexibility element. Limitation of the NTCbetweenthe modelled re-
gionsresultsinastronger mixof PVandwind power withinthe regions, especiallyin central
Europe,andastrongincrease ofthe need for long-term (hydrogen)storage if the maximum
NTC fallsbelow 10 GW. Removing batteriesand pumped hydrostorage, thatis the shortand
mid-term storage options, leads only to a slight increase of the LCOE to about
10 cteyp1a/kWh. Removing long-term (hydrogen)storage leads to an increase of the LCOE up
toabout 12 cteyg14/kWh. All the storage would be provided by pumped hydropower in this
case and no batteries would be used.

As specifiedby(Bussar, etal., 2014) who describe a slightly different previous version of the
modelling, the time-step of the simulation is one hour, the simulatedtime 5 years. The pow-
erflows for each generation and storage type are aggregated within each region. Assuming
thatno higherresolution wasusedinthe calculations presented by (Bussar, et al., 2015), it
can be condudedthatthetimeresolutionis quite high, but the spatialresolutiontoo rough,

® The source is inconsistent at this point and indicates a peak load of 1,030 GW, but the indicated storage pow-
er adds up to 1,060 GW. There might be a confusion of input and output power of storage units at the
origin of the inconsistency.

19 The International Renewable Energy Agency (IRENA) predicts LCOE of PV and wind electricity (without stor-
age systems and grids) of 5-6 USS/kWh for 2025; http://www.pv-
magazine.de/nachrichten/details/beitrag/irena--kosten-fr-photovoltaik-sinken-um-59-prozent-bis-

2025 100023422/ [retrieved on 21 June 2016]

1 Bloomberg New Energy Finance (BNEF) predicts a further decrease of LCOE for PV of 60 % and for wind ener-
gy of 41% until 2040 in its New Energy Outlook 2016 published on 13 June 2016; http://www.pv-
magazine.de/nachrichten/details/beitrag/bnef--k ohle-und-gas-bleiben-gnstig--aber-photovoltaik-und-
windkraft-haben-mehr-kostensenkungspotenzial 100023377/ [retrieved on 21 June 2016]
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thus leading to an underestimation of the (short-term) storage needed to deal with limited
grid resources withinthe distributionand national transmissiongrid. It can be assumed that
the total short-term storage willinrealitybe higher than 2.7 TWh of hydropower storage
and 1.6 TWh of batterysystems if the power generation system is built up exclusively with

PV and wind power generation units.

(Bussar, etal., 2014) specifyalsothat the model calculationincludes the assumption that the
modelledregions (infactentire countries in most cases) have to be atleast 80 % self-
supplied. Itis further assumed that allgenerationandstorage plants areto beinstalled from
the outset, except existing pumped hydropower storage reservoirs. That means that existing
PV and wind power capacity, and existing transnational power exchange capacity are not
takeninto account. Further, the costs of the distributionand national transmission grids
within the 21 regions are notincluded in the calculated LCOE.

3.3.6.3 VDEstudy for different levels of renewable electricity supply in Germany

An often cited studyinvestigatingthe effect of differentlevels of RE penetration into the
electricitysupplysystem inGermany has been presented by (Adamek, et al., 2012). The
work is based on the long-term scenarios (La ngfristszenarien 2010) for the development of
the German electricitysystemof the German Federal Ministryforthe Environment, Nature
Conservation, Building and Nuclear Safety which include a strong increase of renewable
electricitygeneration, essentially from PV andwind power plants. The study of VDE investi-
gatestheneedforstorage fora contribution of renewables to the electricitysupply of 40 %
(government target for 2020), 80 % (government target for 2050) and 100 % (for compari-
son)onthebasisof asetofwidelyshared assumptions onthe development of the demand,
technology costs and the development of the German transmission grid. Generation man-
agement of power plants and demand-side response are considered as flexibilityinaddition
to storage and the existing, respectively forecasted grid.

The studyassumes thatthe useof storageis governedbythe needto balance the predomi-
nantlyrenewable andfluctuatinggenerationandthe demand. Otheruse cases which might
increase the needforstorages suchas provision of system services for stable gridoperation
are nottakeninto account. Itis alsoassumedthatthe current electricity marketdesign will
notsignificantly be altered. Exports andimports of electricity which canreduce the need for
storage and/ortransmission grid extensionand cross-energy synergies resulting from a
stronger coupling ofthe electridty, heat, gas, fuel and chemicals sectors are disregarded.
Renewable electricity generation data are modelled onthe basis of the meteorological data

ofthe year2007. The calculations are made forentire years and the time-step is one hour.
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Key conclusions of the study are:

* With increasing renewable electricity generationand decreasing residual
load (difference betweenload and renewable generation)the fluctuations
of the residualloadincrease and the number of hours in which the residu-
al loadis negative (more renewable generationthandemand) increases.
Hence, the needforflexibilityin the electricitysupply system increases.

* Arenewablesrateof40% can bedealtwithout new storage systems in
Germany. The generation flexibility of the conventional power plants
combined with a tiny curtailment of renewable power generationis s uffi-
cientandstorages essentially optimise the operation ofthe latter. The re-
sidual loadis negative onlyforabout 44 hours peryear, butits maximum
value (minus 9.8 GW)is quite high (can be dealt with by curtailment).

e Ata renewables rate of 80 %, 14 GW/70 GWh of short-term storage
(abouttwice the capacity of existing pumped hydropower storage) and
18 GW/7.5TWh of long-termstorage (power-to-gas) are needed in the
overall most economicscenario. The total storage power and the energy
storage capacity correspond, respectively, to 43 % of the present peak
load, butonlyand 1.3 % of the presentannual electricenergy demand.
Lessthan 1% of the renewable generation needs to be curtailed. The en-
ergyturnaboutinthelong-termstoragescorresponds to less than 2 % of

the present natural gas consumption.

e Atarenewablesrate of 40% the LCOE are aboutthesame as in 2010, at
80 %, theyare 10 % higher.

* Furtherincreasing the renewables rate to 100 % triples the need for stor-
age compared to 80% (2.5 times more short-term and 3.5 times more
long-term storage) and furtherraises the LCOE by 19 %.

* Positioning storages close to generators or close to consumers makes no
difference.

3.36.4 The Neo Carbon Energy Study

(The role ofstorage technologies for the transitionto a 100% renewable energy system in
Europe, 2018) is one of the most recent studies. It presents a model ofa transition towards
100 % renewable electricitysupply of the EU + Norway + Island + Switzerland + Balkan Coun-
tries + Ukraine + Turkeyin five-year time-steps from 2015 until 2050, with only one 1.6 GW
nuclear power plantremainingin 2050 due to remaininglifetime (about 2.4 % of electricity
demand) andgas power plants successively fuelled by renewable gas (biogas, biomethane
and finally synthetic natural gas produced from surplus electricity).
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The investigated area is brokendowninto 20 regions, most of which are identical with entire
countries and connected among each other by HVDCinterconnectiongrid lines. The model
time-stepis one hour, the spatial resolution 0.45° x 0.45° (about 50 km x 35 km at 45° lati-
tude).The electridtydemand isassumed to rise from 4,000 TWh in 2015 to 5,300 TWh in
2050.

According to theresults of thiswork, a 100 % renewable electricity supply can be cheaper
than the present predominantlyfossiland nuclear mix: LCOE decrease from 69 €/MWh in
2015 to 51 — 56 €/MWh in 2050. A significant need for increasing interconnections between
regionsis found and 15 % of the electricityis consumed outside the region whereitis gener-
ated. As regards storage, 3,320 GWh of batteries, 396 GWh of pumped hydro storage, and
218,042 GWh of gas storage (interms of heatingvalue; 8% for synthetic natural gas and 92%
forbiomethane) are needed. |.E. batteries provide about 90 % of the total short-term stor-
age in the scenario investigated in this work.

3.3.7 Model calculations compared to real generation-demand data

The results of the model calculations areinline with the fact that a renewables contribution
0f32.6 %, including21.1 % from fluctuating PV and wind power generation, to the German
electricity consumption is possible without further storage systems and other flexibilities
than thosesetupforthe predominantly conventional electricity system that is about to be
phasedout. The existing pumped hydropower storage plants combined with generation
management of conventional power plants, essentiallyapplied to hard coal power plants, a
small level of renewable power curtailment and little demand-side response are sufficient to
dealwiththe fluctuations of the residual demand, which is governed by the fluctuating PV
and windpower generationcovering21.1 % of the consumption. The average electricity
price achieved forimports and exports of about 40 €/MWh, thatis (1) not differing between
imports and exports, and (2) above the average day-ahead market price for electricity of
31.60 €/MWh in 2015, indicates that transboundary electricity exchange is not predominant-
lyusedasanadditional flexibility, but rather drivenbymarket aspects. If imports and ex-
ports were driven bya need for flexibility, the export prices were lower than the average
day-ahead market prices, and lower than the import prices.

ForhigherfluctuatingRE penetrationratesthan 21.1 %, a comparison of the presented three
model calculations, out of which two focus on Germany, with real consumption-generation
data cannot be performed forlonger periods, but forafewhours ordays peryearwhen the
contribution of PV andwind power to the German electricity supplyis between 80 and
100 % of the consumption. Such events regularly occurin the month of MayorJune at
weekends combined witha public holiday the day after (Monday of Pentecost) oron a

Thursday before (Ascension Thursdayand Feast of Corpus Christi).
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Figure 35: PV (yellow), wind (green), conventional (light grey) power (>100 MW) generation in, and power

exports (dark grey) from, Germany in May 2016, Source: (Fraunhofer ISE, 2016)
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Figure 36: Power generation mix in Germany in May 2016, Source: (Fraunhofer ISE, 2016)

As Figure 35and Figure 36 show, extreme high contributions ofrenewables to the electricity
supplywere achieved on Sunday, 8 May (following Ascension Thursday), Sunday of Pente-
cost, 15May, and Sunday22 May (notlinkedto a publicholiday, but in the mid of school
holidays in Baden-Wuerttemberg and Bavaria). On 8 May 2016, renewable power ge neration
covered 97.7 % of the powerconsumptionbetween 12:00 and 13:00. PV and wind power
alone covered81.8%. Forone hour, the German electricity supply system wasina status for
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which modelsforecast a strongrise inflexibility demand, including a highneed for seasonal
storage.

Generationand consumptiondata forone hour cannot tell muchaboutthe needforseason-
al storage, of course, butcanbe usedto check if the predicted need for short-term storage
exists. Infact, thelatteris displayed in the strongly negative electricity price of minus
130.09 €/MWh atthe day-ahead market as shown in Figure 37. Similarly, negative day-
ahead market pricesoccurred on15and 22 May. Theyare clearsignals, that the electricity
systemwas lacking flexibility when the RE contributionto the supply was extremely high.

Figure 37: Renewable (green) and conventional (grey) power generation, consumption (pink line) and elec-
tricity spot-market price in Germany in May 2016, Source: (Fraunhofer ISE, 2016)

A closerlookinFigure 36 shows thatthe power generationfrom hard coal was merelyre-
duced to zero whenthe renewable power generation was close to 100 %, the lignite power
generationto about40% of the normal generation power,and nuclear power generation
was justreduced bya fewpercent. This reflects the technical minimum for the power gener-
ationfrom hard coal, lignite and nuclear power. Power generation from biomass was not
reduced. Thisis essentiallyaneffectof an unsuitable regulatory framework respectively
market failureanddid not happenfortechnical reasons. At least biogasplants would have
been technicallyable to reduce the power generation.
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3.3.8 Conclusions on need for storage

The needforstorageina given area hasbeen discussed here from a technicaland national
economy point of view. This must not be confused with an evaluation of the market for stor-
age whichdepends onthe design of the energy market andindividual market player behav-
iourinthe context of concrete energy markets. The technical need for storage is strongly
dependenton the strength ofthe electric transmission and distribution grid within this area
andis dependentonthe capacity of the power connections crossing the area’s boundary. If
the latterare strongenough, there might be verylittle need forstorage andotherflexibility
options withinthe area itself, because the balance betweengeneration and consumption
can be achieved bysimplyadapting powerimports and exports accordingly. Thisis even pos-
sibleifthe share of fluctuatingrenewable power generation is very high. An example coming
very close to this caseis the State of Mecklenburg-Western Pomeraniain the north-east of
Germanywhere the percentage of renewable generation to the consumption is 130 % and
fluctuating wind power generation builds the dominant part of this. However, the efficiency
of use ofexistingnetwork operating resources (grid lines, transformers, etc.) can be very
much improved and curtailment of fluctuatingrenewable generation can be reduced by us-
ing storage systems whenever the power generation within a geographic entityis frequently
close to oreven above the demand within the same area.

Model calculations mapping Europeanregions or wider areasof Europe and neighbouring
countries supplied with various shares ofrenewable power, induding the extreme case of
100 % PV and wind power, confirm this statement. They come out with rather modestener-
gy storage needs compared to the annual energydemand, in particulara modest s hort-term
energystorage need which can be met with batterysystems, but with a rather high need for
storage power comparedto the peakpowerdemand. Acommon findingis thatthe need for
energystorageincreases verymodestly for renewable shares up to 80 % and very steeply
between80and100%. This corresponds to whatcanbe observed in Germany where the
annual average share of renewables was 32.6 % in 2015 out of which 21.1 % were PV and
wind energy, butthe contribution of PV and wind poweris veryclose to 100 % in some
hours. Negative prices onthe electricity marketindicateaclear lack of flexibility at these
moments, while the existing flexibility of the system is sufficient during most of the year.

A significant share of dispatchable renewable power generationfromhydropower, biomass
and geothermal energyin 100 % renewables scenarios reduces the need for short-term stor-
age,andalso forlong-term storage if dispatchable renewables make up a significant part of
the power generation. Most Latin American countries areinthissituation because of their
high hydropower generation capacity. Further, other flexibilities such as demand-side re-

sponse, couplingof the electricity, heat and gas sectors, and other kinds of storage strongly
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reduce the needforshort-term energy storage compared to situations dominated by fluctu-

ating renewable power generation.

A crucial pointhoweveris that the mentioned modelcalculations tend to underestimate
inherentlythe need for short-term storage inasmuch as they generallydo not map the real
electricnetworkoperatingresources. If the latterare taken into account, a clear need for
storage becomesapparent and batterystorage systems are the most suitable option to meet
this because theycandealwith a broad range of required services better and more cost-
effectivelythan other flexibility options. In quite a number ofcases, batteries arealso more
cost-effective already todaythan reinforcement of electric network operating resources, at
least until the next regular replacement of existing equipment. Unfortunately, the need for
storage complementing cost-efficiently network operatingresources cannot be quantified
yet.

Lastbutnotleast, batteriesremain the preferred storage option complementing off-grid PV
orwind power supply of smaller entities such as single appliances, households, villages or
islands. The Australianexample shows that eventhe supply of entire towns with off-grid
systems including storage might be more cost-effective than conventional power generation
and transmissionoververylongdistances. Thoughthe situation in Europe is much different,
ithighlights thatinthe case of verylowelectricity consumption and long distances fromcen-
tral power plants, | ocal off-grid supply with renewable electricityand batterystorage might
be a suitable option. In Europe s uch situations can be foundin mountainous regions, on is-

lands, and in sparsely populated parts of the countryside.

3.4 The technical potential of 2" life battery storage systems

Responsible Partner: B.A.U.M. Consult

3.4.1 Technical characteristics assumed for 2"-life battery storage systems

Forassessing the technical potential of2™-life batteries, itis assumedthatall 2"life batter-
ies have the technical characteristics of the batteriesgoing to be usedin future commercial
ELSA batterysystems (ELSA-DT5-ESS). For keepingin mind that this simplification is made,
the notions “ELSA-type 2" |ife batterystorage systems”, “ELSA-type ESS” or “single ELSA-
type battery” will be used inthe following. Though there willforsure be a wide range of 2"
life battery systems on the marketinthe future,the majorlines of the conclusions drawn
from assumingthatall 2"Jife batterieswill have similar characteristics as the ELSA-DT5-ESS
can be considered to be a good approximation. Figure 38 shows the general architecture of
ELSAbatterystorage systems. Asystem is composed of a number of batteries, power elec-

tronics and control units.
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Figure 38: Architecture of a future commercial ELSA battery system

The technical characteristics of a single ELSA 2" life battery, whichare relevant forthe as-
sessment of the technical potential of ELSA-type 2" |ife batterystorage systems, are:

* maximumenergythatcan be discharged from a single battery:
€,nq = 11 kWh

* permitted range state of charge (SOC): 0 < SOC < 100%
* maximum charge / discharge power of a single battery: p,ng = 12 kW

* reactiontime:shortenoughto provide allservices discussedinthe follow-

. . . T 12
ing,i.e.in the range of milliseconds

3.42 Available 2"-life battery storage capacity and power

The technical potential of2"-life batteries to provide various services to theelectric grid in
the EU depends atfirstonthe amount of energy which canbe stored inall2"-life batteries
which are used forstationary applications and are connected to the electric grid. This
amountis estimated as follows:

thd
Eona = €2na Nyenicles™ Tel” Treuse ° t
1st
Where E,,qdesignates the amount of energy which canbe stored inall 2™.|ife batteries and

€,ndthe amount of energywhichcanbe storedinasingle ELSA-type battery. Nychiges desig-

12 The information on the measured reaction time of the installed DT5-ESS was not available for the establish-
ment of this deliverable.
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nates the number of all vehicles, r, the rate ofvehide electrification, r,. . the rate of vehide
batteries whicharereusedfora anlife, ti thetime of useof a batteryin the vehicle and

tong the time of use fora 2".Jife application.
The following assumptions have been made as regards the values of these parameters:

* e,,4=11kWh,the energystorage capacityof a single future commercial
ELSA batteryas mentioned above.

* N,,q =300 million, approximatelythe number of vehicles in the EU (see
Table 6)

®* ruseiS therate of stationaryand grid-connected 2nd-life use of electric

vehicle batteries. It has been setat 50 %.

* The timeof batteryusein the vehicle, t;, is supposed to be 10 yrs and the

time of 2nd-life use, t,,g, to be 10 yrs.

The vehicle stockelectrificationrate, r, is the remaining free parameter. It represents the
electric vehicle fraction ofthe EU’s vehicle stock. Avehicle is considered to be electrifiedifit
is equipped with one or more batterieswhose later 2" Jife ca pacityis 11 kWh.Thus, a vehi-
cle electrificationrate of 100 % does not meanthat each vehicleis fully electric. Instead, it
designates a vehicle fleet where anindividual ve hicle might be a battery-only, hybrid or fos-
sil-fuel poweredone, butonthe average eachvehiclereleases a 11 kWh 2" life batte ry at
the end of its 1% life.

The vehicle stockelectrificationrate andthereuserate have been combined to a further
parameter, the 2" |ife availability rate, a,.q:

A2nd = Tel "Treuse
A 2" |ife availability rate of 100 % means that (1) on the average each vehicle, including
electric, hybrid and combustion engine vehicles, providesan ELSA-type battery, i.e. one with

a capacityof 11 kWh fora 2"_life use of 5 years, aftersuchone has beenusedfor10yearsin
a vehicle, and (2) each ELSA-type batteryis recovered for 2" life use.

Taking furtherintoaccount that the maximum power of a single ELSA-type batteryis 12 kW,
the total available power of ELSA-type 2" life batteries, P54, is calculated as:

12 kW
Pyng = 1 wh. Esna

In orderto geta meaningful idea of the potential 2" Jife batterycapacityin terms of energy
and power,itneedsto be putintorelationto the present mostimportant short-term stor-
age technology in the EU, that is pumped hydropower. According to (European
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Commission

)13

there are noofficial figures reported to Eurostat forexistingpumped storage

capacitiesinEurope, but some sources (e.g. ecoprog) put the totalcapacityinterms of pow-

eratthe beginning of 2011 at almost 45 GW.

Table 6: Stock of vehicles per EU country in 2016, Source: (EUROSTAT)

GEO/TIME 2016
Belgium 6.640.318
Bulgaria 3.661.320
Czech Republic 6.032.825
Denmark 2.919.455
Germany 50.374.203
Estonia :

Ireland 2.509.446
Greece 6.512.139
Spain 28.451.448
France 39.501.237
Croatia 1.727.173
Italy 42.842.641
Cyprus 620.551
Latvia 753.992
Lithuania 1.425.807
Luxembourg 437.219
Hungary 3.860.650
Malta 333.511
Netherlands 9.281.741
Austria 5.838.027
Poland 25.512.108
Portugal

Romania 6.470.693
Slovenia 1.212.192
Slovakia 2.470.833
Finland 4.027.610
Sweden 5.413.029
United Kingdom 35.798.084
TOTAL 294.628.252

A correlation exists betweenthe energystorage capacityand the power forsmall and medi-

um pumped hydro power plants: According to (Gimeno-Gutiérrez, etal., 2013)*4, the energy

13

https://setis.ec.europa.eu/setis-reports/setis-magazine/power-storage/europe-experience-pumped-storage-

boom [retrieved on 19 July 2018]

D5.4 Second study of the economicimpactinthelocaland national grid related

to all demo sites

90



Energy Local Storage Advanced system O 6 ‘ SO

storage capacity is roughly 6 hrs times the plant’s power. From this, the EU’s existing
pumped hydropower capacityin terms of energyis calculated to be 270 GWh for the pur-

pose of the technical potential assessment presented here.

Table 7, Figure 39 and Figure 40 show the potential 2" Jife batterycapacityin the EU com-
pared to the present EU’s pumped hydro capacityinterms of energyand power for different
2".life availability rates.

It can be seen thatthe potential of 2" Jife batteriesis comparable with the present pumped
hydro power potential evenata modest 2"-life availabilityrate. At the upper end, the 2"
life battery capacityis much larger than the present pumped hydro capacity, notablyin

terms of power.

Table 7: Potential 2""-life battery capacity vs present pumped hydro capacity in terms of energy and power

total number of vehicles, Nyehicies (millions) 300[ 300{ 300| 300[ 300/ 300 300| 300
ve hicle stock electrification rate, re 0.33%]1.0%| 2.0%|5.0%| 10%| 20%| 50%|100%
reuse rate of vehide batteries, r 50%| 50%| 50%| 50%| 50%| 50%| 50%| 50%
2nd-life availability rate, asnd 0.2%]0.5%| 1.0%]2.5%| 5%| 10%| 25%| 50%
life-time in vehicle, tis¢[yrs] 10/ 10| 10| 10| 10| 10/ 10| 10
use time of 2nd-life batteries, t, 4 [yrs] 5 5 5 5 5 5 5 5
available 2nd-life batteries, N yng (millions) 0.25(0.75| 1.5|3.75| 7.5 15| 37.5] 75
usable capacity of single 2nd-life battery, e2nd [k Wh] 111 11} 11} 11] 111 11 11 11
total available 2nd-life batte ry nominal apadty, E 4 [GWh] 2.75| 8.25| 16.5| 41.3| 82.5| 165| 413| 825
maximum power from 2nd-life batteries, P [GW] 3.0 9.0, 18| 45| 90| 180| 450| 900
total available pumped hydro storage capacityin EU[GWh] 270] 270| 270| 270| 270| 270| 270| 270
maximum power from curre nt EU pumped hydro storage [ GW] 45| 45| 45| 45| 45| 45| 45| 45
ratio of 2nd- life battery apadty vs pumped hydro capacity [GWh/GWh] | 0.01{0.03| 0.06f0.15| 0.31{0.61| 15| 3.1
ratio of 2nd-life battery capadty vs pumped hydro capacity [GW/GW] 0.07] 02| 04| 10| 20| 40/ 10| 20

5 19
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Figure 39: Energy storage capacity of 2"life batteries compared to present pumped hydro storage capacity

25
2
=
3
= 20
a
=8
E
2% 15
29
o=
5 w 10
B
£
& 5
°
=
~ 0
0% 10% 200 30% 40% 0%

2nd-life availability rate

Figure 40: Power of 2"%life batteries compared to present pumped hydro power
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Contraryto pumpedhydropower plants, 2".Jife batteriescan be installed much faster and
more easilyand muchcloser to the site where storage capacityis needed than pumped hy-
dro powerplants. Theyhave also a shorter response time: while pumped hydro power
plants can change between charging and discharging within minutes (see e.g. (Gimeno-
Gutiérrez, etal., 2013),p.5), 2" ife batterysystems candothis within fractions of seconds.
This makes themsuitable for a pplications which require veryfast response such as enhanced
frequency response and primaryreserve provision. Pumped hydro storage is also used for
the latter but fails to be suitable for the former.

3.4.3 Technical potential for primary reserve provision

One of the most promising 2" Jife applications of electric ve hicle batteries is the provision of
primaryreserve (PR) to transmission grid operators. For assessing the technicalpotential of
this application, itis assumedthatall available ELSA-type 2"-life batteries are used for
providing PR, independently from other applications theyare used for.

In orderto geta meaningful idea of the potential of ELSA-type 2".life batteries to provide
primaryreserve, this potential must be putintorelationto the need for primaryreserve in
the same area forwhichthe potential is assessed. As data forthe EU’s need for primary re-
serve could not be assessed, the ELSA-type 2"life batteries potentiallyavailable in the EU
fordifferentvehicle stock electrificationratesanda reuse rate of vehicle batteries of 50 %
are putinto relation here with the need for primaryreserve in the Union for the Co-
ordinationof Transmission of Electricity (UCTE, see Figure 41) area which amounts to

+3,000 MW at presentand is mainly provided by fossilthermal power plants (VDE, 2015)*°.

5h.72
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Il RG Continental Europe (UCTE)
M RG Nordic
M RG United Kingdom
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i

Figure 41: UCTE zone. Source: Wikipedia, https://de.wikipedia.org/wiki/Union for the Co-
ordination_of Transmission _of E lectricity#/media /File:Ele ctricityUCTE.svg, [retrieved on 20 September
2018]

Forthe rules governing the provision of PR, the following is assumed forthe purpose of cal-

culating the technical potential:

* PR mustbe offeredsymmetrically. |.E. the provider must be able to pro-
vide the same powerfor positive PR as for negative PR at anyrequest. If
legislators remove thisrequirementinthe future, the technical potential

of 2"-life batteries will be even higher than calculated here.

18 There are other rules which are not relevant for this calculation. All rules, including those relevant here, are
subject to change. This is why the notion “assumption” is used here.
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* Ateachsinglerequest, the provider mustbe able to provide PR for at least
30 minutes. This complies withthe requirements formulated by the Ger-
man transmission grid operators for batteries providing PR
(Anforderungen). If this durationis shorter, the technical potential of 2nd-

life batteries is also higher.

Then, the maximum energy which must be discharged from 2"life batteries in case of a
request for positive PR orchargedin case of arequest for negative PR, E prmax IS Calculated as
follows:

Eprmax = PprRmax - 30 min

where Pprmaxis the maximum PR whichis considered to be neededinthe investigated grid
area in terms of power.

The minimum average SOCof all 2"_life batteries in case ofa re quest for positive PR (battery
discharging), SOC, is:

SOCpin = EPRmax/Ean

and the maximum average SOCin case of a request for negative PR (battery charging),
SOC, ., iS:

SO0Cmax=1- EPRmax/Ean

In orderto comply with the requirement of synmetrical PR provision ca pability, the follow-

ing relation must be observed:

SOCpin < 50 % < SOCyas

min
The smallerthe fraction Epgmay/Eang, the broadertherange [SOC,,n, SOCax and the higher
the chance thatthe average SOCof all 2"life batteriesis in this range and the maximum PR

can effectivelybe provided. Table 8and Figure 42 show the range [SOC,,,, SOC,..,] for dif-

ferent 2"-life availabilityrates.
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Table 8: Required average SOC of 2"%Jife batteries providing all the primary reserve in the UCTE zone

total number of vehicles, Nyehiges (Millions) 300/ 300{ 300| 300| 300 300] 300| 300
vehide stodk electrificationrate, r, 0.33%| 1.0%|2.5%|5.0%| 10%| 20%| 50%| 100%
reuse rate of vehide batteries, rque 50%| 50%| 50%]| 50%| 50%| 50%| 50%| 50%
2nd-life availability rate, azng 0.17%| 0.5%|1.3%|2.5%| 5%| 10%| 25%| 50%
life-time in vehicle, tis[yrs] 10( 10 10| 10 10 10 10 10
use time of 2nd-life batteries, tang [yrs] 5 5 51 5 5 5 5 5
available 2nd-life batteries, Nang (millions) 0.25 0.75| 1.88| 3.75 7.5 15| 37.5 75
usable capadty of single 2nd-life battery, e sng [kKWh] 11 11 12| 11 11 11 11 11
total available 2nd-life battery nominal capadty, Exnd [GWh] 2.75| 8.25[ 22.51 41.3| 82.5| 165|412.5| 825
maximum power from 2nd-life batteries, P,,4 [GW] 3.0 9.0| 24.5| 45 90| 180[ 450 900
primary reserve (PR) needin UCTE zone, P pgmax [ GW] 3.00 3.00 3.0 30| 30 30 30 30
maxi mum duration of primary reserve provision per request [hrs] 0.5 0.5/ 0.5 05] 05| 05| 05| 05
maximum energy per PR request, Eprmax [GW h] 1.5 15| 15] 15 1.5 15| 15| 15
minimum average SOC for serving arequest for positive PR 50%| 18%| 7%| 4%| 1.8%| 0.9%| 0.4% | 0.2%
maximum average SOC for serving a request for negative PR 50% | 82% | 93% | 96% [98.2% |99. 1% |99.6% |99.8%
100% - e

90%
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Figure 42: Range of average SOC required for PR vs 2" life availa bility rate

The results show that froma 2" life availabilityrate of 0.17 % on the maximum power of
+ 3,000 MW (3 GW) whichmight berequestedin the UCTE zone can be provided. However,
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the energywhichcanbestoredinthe batteriesis insufficient to provide the maximumPR if

the requestis for 30 minutes. This is expressed by SOC,,i,=SOC,.x = 50 %.

If the 2"life availabilityrateisincreasedto 0.5 %, the then available 2"life batteries can
provide almostforsure PR atanymoment. Thisis becauseitis verylikelythatthe 2" life
batteriesare on the averageina SOCbetween 18 % and 82 % atanymoment. Arequest for
PR will shiftthe average SOC, but assumingthat the minimum time between two successive

requestsis atleasttwohours, the average SOCwillbeverylikelybackinthe required range.

Ifthe 2"-life availabilityrateis increased further, the range of SOCwithin which the batter-
iesmustbe onthe average forbeing able to provide the maximum PR, approaches very

quicklythe fullrange between 0% and 100 %.

From this result, itcanbe deduced:

* Evenataverytiny 2" life availability rate, ELSA-type ESS from EU vehicles
can provide the maximum PR needed presentlyin the UCTE zone.

* Fromaverysmall 2" life availability rate of a few percent on, theycan
provide the maximum PR in parallel to other ESS applications if the provi-
sionof PR gets priorityoverthese otherapplications. This might also make
sense forthe operatorifbecause PR provision might provide a higherin-
come thansavings obtained by electricity purchase optimisationor higher
rate of PV self-consumption.

* Verylikely, ELSA-type ESScan provide the maximum PR in parallel to other
applicationsevenatalow 2" Jife availabilityrate if PR does not always get
priority, becauseitis veryrare that PRisrequested for 30 minutes. Sec-
ondaryresponse should already be fullyavailable after 5 minutes and ter-

tiaryresponse after 15 minutes (see 5.1.1 for details).

3.4.4 Technical potential for short-term storage

Beyond the provision of operative reserve - thatis enhanced frequencyresponse fromthe
sub-second range up to 30 seconds, primary reserve inthe range between 30seconds and
30 minutes, followed by secondaryand minute reserve upto 1 hour—ELSA-type ESS can also
be usedforbalancing electricity ge nerationand demandinthe overall electricity system at
time-scales between 1 houranda few days. When the balance between generationand de-
mand in the gridas a whole exists, single grid linesmight run into overload and short-term
storage canbe usedto redirectthe power flow fromoverloadto less loaded grid lines, thus
avoidingre-dispatch of powerplants. The need for short-term storage increaseswhen fluc-
tuating renewable power generationtakes ona larger part of the generation mix, long be-

fore long-termstorageis required (see chap. 3.3).
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The technical potential for short-termstorage has beenassessed by puttingthe total availa-
ble 2"-life batteryenergystorage capacityand powerintorelation with relevant figuresin
different contexts of application where flexibilityis requiredthatcanbe metbyshort-term
storage. This hasbeen done for different combinations ofthe ve hicle stock electrification

rate andthe 2"-life use rate.
The following contexts of application have been considered:

* Use of 2nd-life batteries to provide short-term storage for up to one
hour in an energy system which is increasingly characterised by fluctuat-
ing renewable electricity generation, but still at a low level (e.g. below
50 %)

Forthis, the fraction of the average power, respectively, peak powerin
the EUthatcanbe providedforone hour bythe available 2nd-life batter-
ies has been calculated.

* Use of 2nd-life batteries to provide short-term storage for up to one
hour in an energy system which is dominated by fluctuating renewable
electricity generation (above 50 %)

Forthis, the maximum time for which all available ELSA-type 2nd-life bat-
teries canjointly provide the average power, respectively, peak powerin
the EU has been calculated.

* Use of 2nd-life batteries in a 100 % renewable European electricity sys-
tem
Forthis, thetotal 2" life batterycapacityinterms of energyhas been put
into relation with the batterycapactyneededfor 100 % EE supplyaccord-
ingto a mostrecentlyinvestigated European 100 % EE-scenario, (The role
of storage technologies forthe transition to a 100% renewable energy
systemin Europe, 2018) (see3.3.6.4). According to this work, 3,320 GWh
of batteriesare needed foranoptimum 100 % EE-supply of the EU + Nor-

way + Island + Switzerland + Balkan Countries + Ukraine + Turkey.

The EU’s average gross power demand excluding electric ve hicles hasbeen calculated by
dividingthe EU’s annual electricity generation of2,786 TWh in 2016 by 8,784 hrs. Official
statisticalfigures forthe EU’s peak power demand could not be found. Forthe purpose of
extrapolation, the peak power demand of Germany, amounting to 81 GW '8, and of France,

" (EUROSTAT), Supply, transformation and consumption of electricity - annual data [nrg_105a]

18 https://www.bundesregierung.de/Content/DE/Lexikon/EnergieLexikon/S/2013-09-25-spitzenlast.html  [re-

trieved on 18 July 2018]
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amounting to 102 GW?*°, were putin relation to the respective annualelectricity demand
accordingto (EUROSTAT). Assumingthat the relation between the peak powerdemandand
the annual electricdtydemandforthe EU isinbetween the relations of Germanyand France,
the EU’s peakpowerdemand was estimated at 550 GW.

In orderto take the additional consumption of electric ve hiclesinto account, the following
assumptions have been made:

* Ontheaverageanelectricvehicle consumes 1,960 kWh peryear. |.E. it
mightbe driven 14,000 km peryearandhavea specific consumption of
14 kWh/100 km. Note, that this isanassumption on the average of a mix
of electricand hybrid vehiclessuchthat onthe average each vehicle pro-
vides anELSA-type batteryatthe end of 10 yrs use of the batteryin the
vehicle.

* Theincrease ofthe average power equalstheincrease ofthe annual ener-

gy consumption divided by 8,784 hrs,

* The ratio between peak and average powerremains unchanged.

The results are shownin Table 9andthe figures below.

* The curves areslightlybent down. This reflects the increase ofthe overall
electricitydemand with increasing number of electric vehicles.

* Evenata relativelylow availability rate, ELSA-type ESScan meeta signifi-
cant fraction of the EU’s average / peak powerdemand for 1 hour.

e Atan2"life availabilityrate of 20% the entire EU’s average power de-

mand can be met forone hour.

o Ata2"-life availabilityrate of 40 % the entire EU’s peak power demand

can be metforone hour.

* At higheravailability rate ELSA-type ESScan provide a significant contribu-
tion to covering the EU’s short-term storage demand. Inthe extreme case
even 50% of the batterystorage needed in a 100 %-EE energy system can
be met.Hence, thereis a perfect synergy between vehicle stock electrifi-
cationandenergytransitionifvehide batteries geta 2ndlifein stationary
grid-connected applications.

19 https://www.lesechos.fr/02/04/2013/LesEchos/21408-089-ECH electricite---pas-de-pic-historiqgue-malgre-

un-hiver-long-et-rigoureux.htm [retrieved on 18 July 2018]
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Table 9: Potential of 2"%life batteries to provide short-term storage in the EU

total number of vehicles, Nyehicies (millions) 3001 300| 300f 300{ 300| 300 300| 300
vehicle stockelectrification rate, rq 0.33%| 1.0%| 2.0%| 5.0%| 10%| 20%| 50%|100%
reuse rate of vehicle batteries, r reuse 50%| 50%| 50%|| 50%| 50%| 50%| 50%| 50%
2nd-life availability rate, a4 0.2%| 0.5%| 1.0%| 2.5%| 5%| 10%| 25%| 50%
life-time in vehicle, t . [yrs] 10 10 10 10 10 10 10 10
use time of 2nd-life batteries, t,,4 [yrs] 5 5 5 5 5 5 5 5
available 2nd-life batteries, N, (millions) 0.25| 0.75] 15| 375 75 15| 375 75
usable capacity of single 2nd-life battery, e,,4[kWh] 11 11 11 11 1 11 11 11
total available 2nd-life battery nominal capacity, E,q [GWh]| 2.75| 8.25| 16.5(|4125 825| 165|412.5| 825
maximum power from 2nd-life batteries, P 54 [GW] 3.0l 90| 180 45 90| 180| 450 900
EU annual electricity generation [TWh] 2,788]2,79212,798||2,815| 2,845(2,904| 3,080 | 3,374
EU average gross powerdemand [GW] 317 318| 319 321| 324| 331] 351| 3%
EU peak powerdemand [GW] 551 551| 553|| 556 562| 574| 608| 666
fraction of average power thatcan be supplied for1 hr 0.9%| 2.6% | 5.2%| 13%| 25%| 50%|118% |215%
fraction of peak powerthat can be suppliedfor1 hr 0.5% | 1.5%| 3.0%|| 7.4%| 15%| 29%| 68%|124%
maximum time average power demand can be met [hrs] 00/ 00| 01) 0.1] 03] 05/ 12] 21
maximum time peak powerdemand can be met [hrs] 00f 00| oOf] 0.1] 01| 03| 07| 12
coverage of battery storage required for 100% EE supply 0.1%| 0.2% | 0.5% || 1.2%| 2.5%| 5.0%| 12%| 25%

140%
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80%
60%
—e—fraction of EU average power demand
4056 that can be met for 1 hour
20% —a—fraction of EU peak power demand
0% that can be met for 1 hour
0% 109 20% 30% 40% a0%
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Figure 43: Potential of ELSA-type ESS to meet EU average / peak power demand for 1 hour
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Figure 44: Number of hours for which the EU average / peak power demand can be met
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Figure 45: Coverage of battery storage required for 100 % EE-supply in EU + neighbouring countries as a func-
tion of 2"-life availability rate
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3.4.5 Conclusions on technical potential of 2".life batteries

The mainfindings as regards the technical potential of ELSA-type batteries are:

* The potential of ELSA-type batteries is comparable with the present
pumped hydropower potential evenat modest vehicle stock electrifica-
tion and batteryreuse rates. Atthe upperend, the ELSA-type battery ca-
pacityis muchlargerthan the present pumped hydro capacity, notablyin
terms of power.

* Contraryto pumpedhydropower plants, ELSA-type batteries can be in-
stalled muchfasterand more easily and much closer to the site where
storage capacityis needed than pumped hydro power plants.

* ELSA-type batteries havea response time below one second and thus
much below that ofpumpedhydropower plants (a few minutes). This
makes them suitable forapplications which require very fastresponse
such asenhancedfrequencyresponse and primary reserve provision.

* Even a relativelylowavailability of ELSA-type batteries can provide a sig-

nificant fractionofthe EU’s average / peak powerdemand for 1 hour.

* A mediumavailability of ELSA-type 2nd-life batteries can meet the EU’s
average / peak powerdemand fora few hours.

* Ifthe entire vehicle stock is electrifiedand 50 % of the vehicle batteries
are usedfora2™-lifea pplication connected to the grid, 2".life batteries
can provide about 45 % of the s hort-term storage, respectively 50 % of the
batterystorage, required foranoptimised 100 % renewable electricity
supplyofthe EU + Norway+Island + Switzerland + Balkan Countries +
Ukraine + Turkey.

* Thereisa perfectsynergy between vehicle stock electrification and e nergy
transitionifvehicle batteries geta 2nd life in stationary grid-connected

applications.
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4 Framework

4.1 Available flexibility options

Shortinnovation cycles, deregulation of market sectors and a high economicintegration
have made the markets more dynamic, more competitive and especially more complex.
Strategies, organisations and products are subject to constant pressure for change. In this
context, the threat of substitutes is a relevant factor for the assessment of the economic
impact. Mostrelevant substitutes are products/services which provide the same function for
the equal or better price/performance ratio. Therefore, chapter 4.1 providesanoverview of

the main available flexibility options which are competing directly with each other.

4.1.1 Generation management
Responsible Partner: B.A.U.M. Consult

Generation managementis the common practice to deal with fluctuating electricity demand.
Grid operators are entitled and obliged to eliminate risks for the electricity supply system by
default measures. The generation managementis one ofthese system security measures in
the electricity grid.

Depending onthe technology, generation management can be more or less easilyimple-
mented. Inthe conventional electricity supply system, generation managementis cascaded
and a distinctionis made between continuously running plants (base load plants), plants
more orless continuously running for severalhours (medium load plants) and plants whose
poweroutput canbe quicklychanged withina few minutes(peak load plants). Below the
scale of afewminutes, generation managementis complemented byshort-term storage in
the conventionalelectricity supply system at the time-scale of seconds, and below by the
spinning reserve of large power plants, i.e. the rotational energystoredinthelarge rotating
masses of large electrical generators. (Stoéhr, 2013)

Grid operators use also energy management systems to monitor power grid operating condi-
tionsandcontrol gridsina reliable, secure and economical way. Usually, grid operators use a
SCADA (supervisorycontrol and data acquisition) system. The SCADA system tra nsmits thou-
sands of measurements at critical points of a powersysteminrealtimeto the energy man-
agement systemand commandsignalsfrom the energy management system to field devices
to take control actions. (NREL, 2014) Withinthe conventionalelectricitysupply system, es-
sentiallythe transmission grid is monitored while information about the status of the distri-
bution grids is widelylacking.

Renewable energy generationwhose shareis rising within the European grid differs from
conventionalgenerationinterms of dispatchability, variability, and the point offeed-in into
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the grid. Contrarilyto conventional power plants, renewables are ge nerally connected to the
distribution grid whose status has onlylittle been monitored so far. For this reason, monitor-
ing and energy management systems are sorelyneeded atthe distribution grid level. The
systems enable an effective generation management on medium andlowvoltage grid level.
Besides storage and demand-side response, generation managementis a feasible flexibility
option which offers an effective wayto match generation and demand.

The exactamount of data needed for sound distribution grid managementin case of a high
share of decentralized generationis still subject to research. Preliminary results in EU FP7
and H2020 projects allow to assume that full data sets of the mostimportant generation
units and consumers are sufficient for effectively managinga distribution grid section with a
high rate of fluctuating renewable power generation.?

4.1.2 Demand response
Responsible Partner: RWTH Aachen University

Among the various flexibility options demand-side response concepts are a promising solu-
tion. The Expert Group 3 of the Smart Grid TaskForce (Smart Grid Task Force, 2015) gives
regulatory recommendations forthe deployment of flexibility, in particular focusing on the
consumerengagement andthe demandside participation. Ingeneral, also within the ELSA
project,a network user might provide flexibilityas an individual service to the energy sys-
tem.Inresponse to an externalsignal the user might change its generationorconsumption
patterns. Suchanincentive signal can be a specificvalue of the energy price for example.
(Smart Grid Task Force, 2015) designate several benefits that can be achieved by usage of
flexibility of industrial, commercialand residential consumers respectively distributed gen-
eration.

A portfoliobalancing onsystemlevel as well as an efficient cost management for system
operators, a portfolio optimizationfor energy supplier oranimprovement for network oper-
ators byavoidingreinforce ment or delay withintheir networkare a fewexampleswhere the
availability of flexibility for Demand Response will be beneficial on system level.

In this sense, this deliverabledefines Demand Side Flexibility based upon the definition in
(SmartGridTask Force, 2015). As response on market signals the end-use customer, which
caninclude both residential and commercial customers,doachangein their energy usage
from their planned respectively current consumption. Such market signals might be variable
energypricesintimeoranyincentive payments. Further, the usage of Demand Side Flexibil -

20 Discussions of M. Stéhr with several representatives of respective FP7 and H2020 projects during poster
session at InnoGrid2020+, 27-28 June 2016, Brussels
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itymightalsobeto sellof demandreductionorincrease basedupona certain pricein orga-
nized energy markets. This is possible both alone and within an aggregated scenario. The
conceptof Demand Side Response is very close. The above mentioned marketsingles orin-
centive payments serve as incentives forthe end-consumers/producer or even at storage
levelto voluntarychange their planned energy, i.e. electricity, gas or heat flow. (Smart Grid
Task Force, 2015)

In recentresearch literature DR concepts including battery systems are introduced. Authors
in (N.Siebert, 2015) describe, based uponthe ReFlexE project, how a smart electric battery
scheduling solution provides flexibility for DR. Within 8 real-life field trial implementations
aggregated commercial and industriall ocations that were connected to an energy storage
systemincludinga management systemcould provide a significantamount of flexibility for
an aggregator’s portfolio.

Lookingintothe DR potential withinthe European Union Level, the authors in (J. Torriti) did
guantificationforthe UCTE countries, where 5 of 6 ELSA field trials are located in. Although
the researchis from 2009, the quantified amount of DR in those countries was already prom-
ising. Aratherrecentstudyon the DR potential in Europe in given in (Smart Energy Demand
Coalition, 2013). The balancingmarketis seen as the keydomainfor DR services. The workis
looking mainlyin primary, secondaryandtertiary balancing power markets. That fits to DR

being one option forancillaryservices.

Further, for Germany (Deutsche Energie-Agentur GmbH, 2010) defines the potential forin-
creasingflexibilityinthe electricity system and gives in particular focus on DSM potential use
cases.Intotal around 2 % of the negative balancingenergyand approximately 60 % of the
demandfor positive balancingenergywill be covered byDSMinthe year 2020 according to
the model defined in (Deutsche Energie-Agentur GmbH, 2010).

4.1.3 Storage
Responsible Partner: B.A.U.M. Consult

An energystorage unitcan be defined as an energy system, consisting of 3 processes —
charging, storinganddischarging (Sterner, 2016). Furthermore, the central purpose of a
storage unitis to match energygeneration and demand in place and time. Basically, energy
storages can be divided in four categories (Stohr, 2013):

* Stores forsolid, liquid or gaseous energy carriers such as biomass, biofuel,
or bio-methane at the first stages of the energy conversion chain;

* Stores convertingelectricalenergy in another form of energy and back
into electricalenergy (batteries, hydrogen, flywheels, pump storage, com-

pressed air storage) which might be connectedto the electric grid or not;
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* Stores forthermal energy converting heatinto chemical energy and back

into heat (phase change materials, zeolite, etc.);

* Stores forenergyintheforminwhich itwill beused,i.e.attheendof the

energyconversion chain. This indudes electricity stored in ca pacitors and

inductors, e.g. superconducting coils; heat storedin hot water tanks, dis-

trictheating gridlines, etc.; cold stored in cold storages, freezing ware-

houses, liquefied gases, etc.; mechanicalenergy, e.g.in compressedair for

industrial processes; and last but not leastanykind of industrial interme-

diaryorfinal product.
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Figure 46: Energy pathways with energy storage, Source: (Stéhr, 2013)

The whole picture of storage options and theirinterdependence with energy generation and

use is quite complex. An overview of the mostimportantinterdependenciesis given in the

figure shownabove. The diagramdistinguishesnotably (1) gas (natural gas, bio-methane,

hydrogenand mixtures of these gases whose physical and chemical properties are within the

limits defined bythe norms for naturalgas, thus allowing distributing them via the existing

natural gas grid; shown ingreycolour), (2) electricity (blue), and (3) heat (red). Conversion

facilities that convert energy betweenthese forms are indicated by diagonally divided two-

colouredsquares. Further, solid and liquid fuels, waterand products - all of them also a kind

of an energy store - are shown (black) (Stohr, 2013).
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4.2 Grid topology

4.2.1 Germany
Responsible Partner: RWTH Aachen University

The following section gives a shortintroductionabout differentgrid levels respectively ty-
pologies andtheir characteristics. The electrical energyis transported within the high volt-
age level of 220kV -/ 380 kV-in the transport energy system to the lower distribution sys-
tems and end-users. Within substations the energyis transformed to a voltage level of
110 kV and distributed into several 110 kV networks. The highvoltage is transformed, de-
pending ontheload density withinthe network intothe medium voltage of 10 kV / 20 kV /
30 kV.From this pointthe energyflow is oriented towards the localnetwork stationlocated
in the streets of residential orindustrial areas. Within the local network stations, the medi-
umvoltageistransformedto the low voltage level of 400V and distributed to the house-
holds eithervia overhead lines or cable. Intensive power consumers are usuallydirectly con-
nected to the HV, or MV and do the distribution within their own substation. The LVand MV
level are usuallycleardistribution networks, wherebythe HV networks are mainly installed
forthe sake ofenergytransport. (Aufnahmefahigkeit von Niederspannungsverteilnetzen fir
die Einspeisung aus Photovoltaikanlagen, 2011)

In general, we distinguish between radial, ring and meshed distribution networks. Depend-
ingonthe geographyof the landscape, integrated buildings etc. these typologiescan diversi-
fyin detail. Asimple overview of the different typologies is given in Figure 47.

radial network ring network mesh network
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Figure 47: Overview of different network typologies based wupon, Source: (Aufnahmefdhigkeit von
Niederspannungsverteilnetzen fiir die Einspeisung aus Photovoltaikanlagen, 2011)
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However, in the following lines main advantages and disadvantagesof such typologies are
explained. (Schwab, 2009)

Radial Distribution (feeder)

Withinaradialdistribution grid the feeders are installed as branches from the main supply
pointwhich usuallywould be the transformer. Main advantages are less planning effort,
betteroverview for failure detectionandless accountingforgrid protection. However, the
voltagedrops areincreasingtowards the end of the feederand the line losses are higher
compared to othertypologies. Alsothe grounding requirements are more difficult to follow.

Radial networks are usually used within LV networks of public supply networks. (Schwab,
2009)

Ring distribution networks

Ring distribution networks are the connection oftwo feeders, which leads to a half-open ring
structure. Consequently, this typologyallows the supply from both sides incase of a closed
ring. The typology compensates some of the disadvantagesof pure radial networks. Main
advantages are a higherservice securityand, incase ofclosed rings, a better voltage stability
togetherwith less losses. However, the effort for maintenance personnel is higherthanin
radialnetworks. Ring distribution networks are mainlyinstalledin LV street networks, and
further MV and 110kV networks which themselves cover other substations. (Schwab, 2009)

Meshed distribution networks

Mes hed networks use the introduced both side supply concept of ringnetworks. All nodes
and lines are supplied in multiple ways sothat thisnetwork typology leads to the highest
service security. So in case ofa meshed distribution networkthat contains multiple supply
transformers, this typology leads to the optimalservice security, best voltage stability and
minimallosses. However, the investment costs of suchtypology, the effort for personnel and
high short circuit currents are main disadvantages. So, to conclude withan increasing load
densitythe followingtypologiesare usually used within the following order: radial networks,
ring networks andsingle- or multiple suppliedandsingle-ormultiple feeder meshed net-

works.The decisionis partof acomplexplanningand expansion process. (Schwab, 2009)

Formore information, we referto (Aufnahmefahigkeit von Niederspannungsverteilnetzen

flir die Einspeisung aus Photovoltaikanlagen, 2011) and (Schwab, 2009).
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The extensive grow ofdistributed generation inLV and MV networks, suchas through pho-
tovoltaic (PV) units orwindturbines,andalso anincreasing amount of distributed loads,
such as heat pumps or electric ve hicles are major challenges for the existing grid infrastruc-
ture. Whereasin the pastthe systemwas purelydemanddrivenina unidirectional manner,
the systemmoreand moreturnsintoa generation driven system. In other words, the de-
mand needs to be coordinated towards the generation since renewable generation is non-
flexible. The network is faced with bidirectional energy flows caused for example by PV units
or micro combined heatand power plants.

Inthe course ofthe cost pressure causedthrough the electricity market liberalization in
Germany, the trend goes to larger meshes instead of multiple smaller ones with the main
objective of reducing costs.

The Dena 2 Netstudy(Deutsche Energie-Agentur GmbH, 2010) prognosticates the workload
ofthe grid inGermanyfor 2020. As a result, about 70% of all borders between neighboring
regions list significant power thatis nottransferable. Forthese reason, different solution
possibilities are presented and analyzed.

The studyshows three different variants forintegration of nontransferable power. The first
variantanalysesintegration by grid expansion (variant 000), the second storing of 50 % of
the regional power that cannot be transmitted without extending the grid (variant 050) and
the last storing of 100 % of the regional power that cannot be transmitted without extending
the grid (variant 100). In additionto that, these keyvariants each were linked with three
distinct versions of the assumption of the overhead line carryingcapacity. Indetail, the first
variantrepresents the basic grid with the standard transmission ca pability (BAS), the second
usage of overheadline temperature monitoring(FLM) andthe last usage of high tempera-
ture conductors. (Deutsche Energie-Agentur GmbH, 2010)

Furthermore, the studyanalyzes possible technologies of power transmission that can be
installed to realize the variants mentioned before. The following technologies are taken into
account: conventional 380 kVand800kV three-phase current overhead line, 380 kW three-
phase current underground cable, high voltage direct current transmission (both overhead
line and underground cable) and gas-insulated conductor. The study achieves the result that
overheadlinesare more suitable. Foralower transmission capacity (1,000 MW) and a short-
erlengthof transmission route (100 km) the conventional 380 kV three-phase current over-
headline performs bestinterms of available technical properties, economical effectiveness,
environmental effects, system reaction and system compatibility. Additionally, for a high
transmission capacity (over 4,000 MW) and a high length of transmission route (over
400 km) the advantages of the highvoltage direct current transmission predominate. Con-

cerningother point-to-point transmission tasks with transmission capacities between
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1,000 MW and 4,000 MW and transmission routes from 100 km up to 400 km all technolo-
gies often proved virtually equal. (Deutsche Energie-Agentur GmbH, 2010)

Following this, the study surveys inadditionto the nine already mentioned variants some
sensitivity variations with the aid of alternative transmission technology. The first variation
(VSC1) analyzes a mesheddirect current voltage overlay network, based on s elf-guided VSC-
HVDCtechnologyandunderground cables. As aresult, there is a need of addition to the
transmissionroute of3400 km andcosts 0f1,994 billion € a year. In contrast, if the direct
currentvoltage transmissionroute is based on point to point connections (VSC2) instead of
a mashed grid, the costs will raise to 2,715 billion € a year.

The lastvariationanalyzes a hybrid solution with an overly transmission route with high
power (4,400 MV) and a length of824 km startingin Schleswig-Holstein and ending in Ba-
den-Wirttemberg to transport the main transmission load from north to south. Inthis case,
the resulting need of addition to the additional transmission route is 3,100 km andthe costs
are 1,297 billion € a year. (Deutsche Energie-Agentur GmbH, 2010)

Furthermore, the AGORA Energiewende study (Agora Energiewende) analyzes the need of
energystorages devicesinthe energyturnaroundregarding the generation balance, system
services anddistribution grid. The study considers a renewable energy portion between 40 %
and 60 % forthe next 10to 20years. According to this, it results that power plants, demand
management and electricity tradingwith countries abroad can provide the flexibility for the
balance between demand and supplyandare additionally more cost-effective. In contrast to
the medium-highvoltage grid, energy storage devices can optimize the costin low voltage
grids. Moreover, combined with solar panels itis possible to optimize the private consump-
tion andtherebyunloadthedistributiongrid. Thisusagecanbeimplemented without any
investments in communicationtechnology bysuitable parameterizationanddimensioning.
(Agora Energiewende)

Need of addition to To be modified

Variant D ..
transmission route transmission route

BAS 000 3,600 km 0 km 0,946 billion €/year

FLM 000 3,500 km 3,100 km 0,985 billion €/year

TAL 000 1,700 km 5,700 km 1,617 billion €/year

Table 10: Overview about the grid expansion for the three analyzed variants relating to the load ability of the overhead
lines without storages based upon; Source: (dena, 2010)
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4.2.2 France
Responsible Partner: Bouygues

Two operators manage the infrastructure of the French electricity grid:
* ERDF fordistribution to consumers.

* RTE(Réseau de Transport d’Electricité)forlong-distance electricity trans-
mission.

ERDF:

Electricitygenerated by power stations is first transmitted over longdistances using high and
very high voltage lines (above 50 kV) managed by RTE (Réseau de Transport d’Electricité). It
is then transformedinto medium voltage electricity (usually 20 kV) fordistribution through

the ERDF distribution network. This transformation takes place in substations.

Once in the distribution network, mediumvoltage electricityis supplied directly to industrial
customers. For other customers, (private consumers, businesses, etc.) it is converted into
low voltage electricityin transmission substations before delivery.

The quality of electricity that users receive depends ultimatelyon the quality of the whole

system through which the electricityis carried.

The figures below provide anoverview ofthe electricitynetwork managed by ERDF (ERDF,
2016):

e 1,3million kilometres of lines,
* 751,000 medium voltage / low voltage transformation substations
e 232,636 production sites linked to the network

* 2,240 ERDF substations (interfaces withthe transmission network man-
aged and used by RTE)
* 35 millioncustomers served
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Figure 48: French electricity network overview, Source: (ERDF, 2016)

RTE:

RTE, independent subsidiary of EDF (Electricité de France), the second largest energy pro-
ducerintheworld,isincharge of the grid operation, maintenance and development for the
electrical transmission lines above 50 kV, unless exceptional cases.

At the endof 2014, RTE was operating 105,331 km of underground and overheadlines. The

following tables providing a good overview of the electricitylines, substations and power
transformers in the scope of RTE.

RTE s owerhead and underground lines
Overhead lines | Ungerground
(km) lines { km)
400 kW 21751 3
225 kV 25 E53 1217
150 kW 1061 2
a0 kW 16538 801
63 kW 35265 2617
545 kW 342 "l
Taotal 100 510 4721

Table 11: Breakdown of the underground and overhead lines, Source: (RTE, 2016)

Itcan be noticedthatthe Frenchelectricitygrid is mainlycomposed of overhead lines alt-
hough the share ofoverheadlinesdecreases whereas the share of underground lines in-
creases.
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Table 12 indicates the sites where RTE electricity substations are installed. RTE is the owner

of a substationifit consists of afeederora busbar owned by RTE within the substation.

RTE's Ele ctrical Substations

Voltage RTE's Total

level Substations Substations
A00 kv 154 185

225 kW 558 Fa438

150 kW 27 37

S0 k' 554 2800

63 kW 1393 2147

45 kW = 42
Total 2.697 3.960

Table 12:RTE electrical substations per voltage level, Source: (RTE, 2016)

The halfofthe RTE stations are composed of 63 kV substations. Thisis a common percent-
age share, because 63 kV is the minimum limit voltage level.

The large numbers of transformers andtheircumulated installed power provide a good

overview of RTE capacityto transport the energythrough its network among the regions.
Table 13 summarizes them per voltage level.

RTE's Power Transformers

Primary Number of Rated Installed
Voltage [ transformers Power [NWVA)

400 kW 301 137322

225 kV 845 Q92047

150 kV 28 1419

S0 kW 26 1215

B3 kW 23 756

Total 1.223 232.759

Table 13:

RTE power transformers per voltage level, Source: (RTE, 2016)

The existingnetwork covers the national territoryas shown in Figure 49. Some areas such as

the westandsouthwest of France are less networked than otherareas.In comparison, the

borderzoneareasto other EU countries are cross-linkedin a higher extend through several

connecting points.
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Figure 49: Existing grid network, Source: (RTE, 2016)
Medium-term electricity consumption evaluation

Since 2011, the electricity consumptionin Franceis stable whereas in the last decade, there
was an average yearlygrowthrate of 1.4 %. In September 2014, RTE has provided a medium-

term electricity consumption estimation for 2020 with four scenarios.

e Thereference scenario refers to a scenario with an increase of GDP
growth rate of 1.5 % peryear from 2016.

* Thelowerscenariobasedon apessimistic demographic evolution and
economic growth.

* The demand-side response (DSR) scenario takesinto account the accelera-
tion of DSR development.

* The upperscenario basedon theone handon an optimisticdemographic
evolutionandeconomicgrowthandon the otherhand, on aslighter ener-
gy efficiencyimprove ment and an electricity price propitious to large elec-
tricity consumers’ development.
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Table 10 provides the evolution of the medium-term consumption at 2020.

Reference
Scenarno Lower SCeEnan o ELHL scenano . Upper scenari o
FOEMArice
Yearly consumption (TWh) 464.7 476.3 484 4598.4 |

Table 14: Medium-Term consumption at 2020 per scenario, Source: (RTE, 2016)

Long-term electricity consumption evaluation

The total electricity consumptioninthe metropolitan areas of France was 477 TWh in 2014.
The future evolution of the consumption is difficult to assess, because it will depend on
many and major parameters such as:

e demography,
® economicsituation,

* lifestyle evolution (use of electrical vehicle, expansion of information
technology, etc.),

* the application of energy efficiency regulations.

RTE has forecasted four different scenarios for 2030 with a large range uncertainty of 100
TWh.

Yearly consumption per scenario

Figure 50: Consumption after 2014 following scenarios, Source: (RTE, 2016)

The scenario Arepresents the low economic growth scenario based on a pessimistic eco-

nomictendencyandthe nudear productionpart still maintained in the production mix.
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The scenario B represents the high consumption scenario, whichforecast a transfer of the
majoruses from the fossil energiesto the electrical sources, development of the renewable
energies policyand a cap to 63.2 GW for the nuclear capacity.

The scenario Crepresents the diversification scenario, which takes into account the energy
efficiencyincreases and the renewable energy expansionandleadto a power mix diversified
with the nuclear partlimited at 60 % in the production mix.

The scenario D represents the new mixscenario with a decrease of the consumption, a de-
velopment of the renewable energies and the nuclear partlimited at 50 %.

Itis importantto notethatthere areregional discrepanciesintermof energy consumption

based on local demographyand economic dynamism (see Figure 51).
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Regional electrical consumption in  Regional electrical consumption growth
2030 for the scenario C (GWHh) rate between 2013 and 2030 for the

scenario C
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Figure 51: Consumption per region for the scenario C, Source: (RTE, 2016)
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Mid-term electricity production evaluation

The development ofthe renewable energies increasinginthe electricity productionis taken
into account by RTE in its ten yearly strategy.

Figure 52 show the medium-term power forecasted forwindand photovoltaic energies in
2020. The different colours re present differe nt expansion stages forthe windand photovol-
taic capacityin the respective regions.
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Figure 52: Wind and photovoltaic capacity objectives per region in 2020, Source: (RTE, 2016)

Evenif, the renewable energiesdevelopment represents a keychallenge of the network de-
velopmentinthe coming next years, the main production is stillbased on nuclear, hydraulic,

coal and oil sources.

The nuclear partis considered stable until 2020, the coal and oil power plants willbe closed

from 2013 to 2020 which will represent 6 GW. The gas turbines power plants are temporary
closed due to unfavourable context for its electricity price. There will be no evolution forthe

hydraulic part. The development of the ca pacity of consumption cut-off during peak periods
should compensate the end of historical electricity prices by maintaining the consumption
cut-off capacityata minimum value of 3 GW.
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Table 15 provides the details of the total production offerin 2020.

Total forecasted production in 2020 [GW)

Enargy 2015 | 2016 2017 2018 2019 2020
Nudear 631 | 63.1 | 6l.4/83.1* | 61.4/83.1* | B1.4/63.1% | B3
Coal 4.2 2.9 29 2.9 29 2.9
Combined oycle gas 57 5.7 6.3 6.3 6.7 &7
Oil and comubstion turbine 7 6.9 5.6 31 31 31
Non renewable decentralized thermal 6.5 5.5 6.5 6.5 6.5 &5
[Flans.-wahla decentralized thermal 1.1 1.3 1.3 1.4 14 14
Hydraulic 25.2 | 25.2 25.2 25.2 25,2 25.2
Wind 9.2 10,1 11.1 12.1 1%.1 151
Phatowvaltaic 5.2 &2 6.9 7.8 B3 9
[-‘_‘nnium ption cut-off 3.3 iz 11 3.2 i3 14

“\With the hypathesis of Fessenhedm units stop and the FAS EPR operating
Table 15: Production capacity estimations in 2020, Source: (RTE, 2016)

Long-term electricity production evaluation

At the moment, there are 58 nuclear reactors operated in France which representan in-
stalled power of 61.6 GW. Theyhave been installed during a short period from 1977 to 1999.
Therefore, the forecasted operation period of these unitsis a key parameter of the French
production evolution.

Itis importantto notethatifanoperationperiod of 40yearsis kept, there will be 51 units
outofthe 58, which will be stopped until 2030. For RTE, this uncertainty has a major impact
on the production forecasted by RTE.

Whateverthe strategy path takenbythe nuclearsectorinFrance, RTE shall forecast the con-
sequencesinterm ofenergyfluxonthe network. Yet, RTE canonlyatthe moment forecast a
total production capacity perthe operating lifetime ofthe current nuclear power plants. The
planning for nuclear power plant definitive shutdownor new power plant construction is
unknown for RTE. Yet, the location of the new production units for each scenariois essential
for the GRID in order to forecastits expansion.
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Figure 53: Power capacity evolution until 2040 with the planned units’ shutdown, Source: (RTE, 2016)

The mainrenewable energy comesfrom the hydraulic source with a yearly production of
60 TWh.There willbe no forecasted improvement on the current hydraulic unitsin the next
ten years. Regarding the other renewable energies such as photovoltaic, off-shore and on-
shorewind, tidaland biomassenergies, significant development is expected. Due to this in-

creaseofproduction, RTE is obliged to adaptits grid to the new production capacity.

Regarding the thermalpower production, the shutdown ofthe oldest coal power plantis
planned for 2016. Besides, to take intoaccount the regulation and the power plant operat-
ing period, a production capacity decrease of about 10 GW from oil and coal power plantis
expected until 2030.

Future progress of the grid

The investments to be performed during the next ten years shall create sufficient infrastruc-
ture foran additional 4 GW off-shore wind production capacityand 10 GW of interconnec-
tion capacity. These investments shall also follow the regional economic and demographic
development with a safe and high quality power grid.

52 % of the investments are dedicated for the electricalstations installation or outage, the
underground or undersea lines improvement represent 27 % of the investment. The over-
head lines improvement and dismantling represent respectively 16 % and 5 %.

Figure 54 shows the main projects to be performedinthe next decade and the long-term
keyissues under study.
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Figure 54: Energy transition key investments, Source: (RTE, 2016)
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423 ltaly
Responsible Partner: Engineering

Main elements and actors of Italian electricity systems

Italiangridisincluding a national TSO and other actors that participate to the value chain
(Lucia, 2014):
* Powerproducers: mostly private companies, no operator can own more

than 50 % of the installed power, theysell to wholesale operators or di-

rectly to the clients.

* |Importers: mostly private companies, they have aninterconnection ca pac-
ityand theyarbitrate the power flows between Italyand the neighbouring

countries.

* Transmission:a national monopoly. TERNA (www.terna.it) isthe national
transmission systemoperator, operating under concessionandregulated
by AEEG. TERNA owns over 98 % of the transmissiongridandisresponsi-
ble of planning, operating and maintaining the transmission system.
TERNA’s major stakeholderis a publicinstitution.

* Distribution:localmonopolies— 140 DSOs operate the electricity distribu-
tion networks inltaly (49 DSOs with less than 1,000 customers)and 1 main
distribution company: ENEL Distribuzione (www.enel.com) is the first na-
tional DSO, covering 86 % of Italy's electricity demand. The mostim-

portantlocaloperators are A2A (www.a2a.eu), ACEA (www .acea.it), IRIDE,
DEVAL, HERA.

* Retailers: mostly private companies, theybuyenergy from generators and

theysell it to final users.

* Regulator: Autorita perl’'Energia eil Gas(AEEG): establishesand updates
the base electricity tariffs, the related parameters and the reference ele-
ments, proposes schemes forthe renewal andthe variation of licenses,
supervises the compliance to competivenessrules, acts to protect the final
user (www.autoritaenergia.it).

* Electridtymarket manager: Gestore del Mercato Energetico (GME): man-
agestheelectridty exchange market, dispatches power plants and sets
theirremuneration, manages energy efficiency certificatesand emission

trading shares (www.gme.it).
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* Operatorforthe “highersafeguard” customers: Acquirente Unico (AU):
acts astheintermediate between the market and the household custom-
ers notwillingto access the free market: buys on the wholesale market at
conditions defined bythe AEEG and delivers, through the local distribution

companies.

* Energyservices operator: Gestore deiServizi Energetici (GSE): promotes
the development of renewable energysources and energy efficiency by
granting economicincentives and supporting the policy makers. Is the
head company for GME, AU and RSE (www.gse.it).

* Researchoperator: Ricerca sul Sistema Energetico (RSE): carries out the
researchactivities of general interestinthe frame of the Ricerca di Siste-

ma (RdS) framework. (www.rse-web.it).

* Before theliberalizationthe electricity system was a virtual monopoly
with a singleverticallyintegrated national and public operator Enel.

In Italy, the installed power of photovoltaic plants in 2012 was 18,210 MW (3,470 in 2010),
basedon530.000 plants; the energycontributionfromPV peaked from 1,900 GWh in 2010
to 18,300 GWh in 2012. The installed power of wind plantsin2011 was 6,936 MW (5,810 in
2010), based on 800 plants;the energy contribution from wind increased steadily from
6,500 GWh in 2009, to 9,100 GWh in 2010 and to 9,800 GWh in 2011. At the moment, no
specificaggregatorrole is officially existent.

Terna isthe national TSO managingthe main high voltage national transmission network

(380 kV). Elements constituting the network are mainly:

* AAT Alta Altissima Tensione (very high voltage) transformers, that extract

the energyfrom national productionplants (or from border hub forim-
ported energy);

* AAT (very high voltage) linesand AT Alta Tensione (high voltage) lines that
transport the electricity;

* Transformation stations that feed-inthe energyto the DSO that—via re-
tailers—transportthe energyto the endconsumers (residential / com-
mercial and industry).
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The infrastructure of the TSO Terna is mainly composed by:

e More than 72,000 km of lines

* 841 transformations and dispatching stations

* 1 National control centre (CNC)

* 8 Distribution centres (CR)

e 3 Telco centres (CTI)

* 21 interconnection lines with external networks — foreign countries for
import - (CTI)

* SA.PE.l.Sardegna-Penisola Italian (Sardinia-Italian Peninsula) cable the
world longest submarine cable, 435 km, supporting 1,000 MW of power.

Figure 550n page 125 provides anoverview about the Italian very high voltage and high
voltage networkmorphology. The network is completelyanalogical and mono-directional
(from the concentred productiontowards the consumers);itis stillinduding a fewbig nodes
(manythermoelectric plants) at large chain (maglia larga). The transmission network is de-
finedas a setof lines and electricity stations that enables the transport of electricity from
the generationside (power plants) to the distribution network (and some consumers). The

network is constituted by three different connected systems (sistemi magliati) each having
different voltage levels (132/150, 220 and 380 kV).
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Figure 55: Morphology of Italian electricity transmission network, Source: (Sauro, 2013)
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National network development plans

Amongitsroles Terna, the national TSO, is alsoresponsible forthe implementation of the
operations related to the development of the nationaltransmission network according to
the 10-years plan "Piano di Sviluppo della Rete Elettrica" (electric network development
plan) whichis approvedeach yearfromthe Ministry of economic development. The long
term planincludestherealization of new lines for about 4,600 km and 111 new transfor-
mation stations with a totaltransformation powerimprovement of 22,458 MW. Among the
relevantinitiatives there are 10 projects for sustainable development. The biggest rationali-
zationprogramme sofardonein Italyincludingthereduction of old network lines in the
amountof 1,200 km. The latest development plan “Piano di Sviluppo della Rete Elettrica di
Trasmissione Nazionale" (National transmission electric network development plan) was
presented bythe TSO Ternain January 31% 2012 and is coveringthe timeframe 2012-2021. It
includes investments for more than 7 billion euroaimed to i mprove the effectiveness of the
electricity system including the reduction of losses and CO, emission.

The strategic plan 2013-2017 budgeted 4.1 billioneuro for new investments for develop-
mentandmaintenance of the electricity network with a s pecificfocus onnew technologies
and new storage systems exploitation (Huffington Post, 2013); the latest are considered fun-
damentalforthe network stabilization and the optimal management of not-programmable

resources suchas windturbines and PV. For storage systems, 300 millioneuro€are planned.

Among other projects there are some big projects distributed over the national territory
with a specificattention on import-exportandinparticularforthe southern area of Italy. In
fact, this area has the main concentration of wind turbines and PV plants. The actions are
classified according the following typologies:

* Newlongdistance powerlines (12 power lines including 10 AAT at 380
kV);

* New interconnections (3;2 HVDCare connected to France andthe Balkans
on high voltage level);

e Realization of new transmission networks (3);
* Palermo and Naples network re-arrangement;
* Expansions (1);

* |taly-France interconnection empowering;

* New Stations (3 of whichone aimed to reinforce and area with high con-

centration of RES, mainly wind turbine).

Otheractions are aimed to reduce the bottlenecks in manycritical areas determined by the
introduction of RES; the bottleneck elimination will empower the RES exploitation.
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More details about the "Pianodi Sviluppo dellaRete Elettrica" can be found in the annual
development plans published by the authority, such as “Piano di sviluppo 2016” - http://
www.a utorita.energia.it/allegati/operatori/pds/Pian0%20di%20Svilupp0%202016.pdf.

Current situation vs development plan

InJune 2016, with the activation ofthe connection Sorgente-Rizziconi between Sicilyand
Calabriathe latest structural bottleneckinthe network was removed. There are still some
reinforcements planned as part of a whole framework re-arrangement such as RES produc-
tion improvement, determining main part of networkinstability, creating needs of new ac-
tivitiesincludingthe electricity connection with the main islands. Afterthe connection with
Sardiniain2012 andSicilyin 2016 the connection with Capriisland will be the next step in
this ongoing process. Additional re placement of connection with Corsica, evenifitis not part
of national territory, is planned due to the fact that it represents an important export for
Italytowards France. Moreover, there are some actions planned for South-Adriatic backbone
and lines connecting Veneto and Friuli towards Slovenia.

The new development planbudgeted 6.6 billion euro for this connection measures. Howev-
er,a rate of 1.5 between benefit and costs must be reached that this plan will be approved.,
Forexample, the connection Calabria-Sicilycost 700 million euro anditis estimated that this

connection will save 600 million euro peryear.

Forislands thatare quite small and veryfarawaya specific programme called “smartisland
was initialised”. Giglio, Giannutri and Pantelleria islands initialised innovative projects that
combine RES production and storage systems and high-tech solutions fordemand manage-
ment.

At last 25 newelectricitylinesarein the planningphase. These are new interconnections
with France under Frejus tunnel and through Montenegrotowards the Balkans. This new
electricitylinesenable a connection for RES production exchange (including hydroelectric
generation) forthe first time. Furthermore, analysis for a connection with Tunisia are audit-
ed.This development-planwas alreadyinserted inthe plan of Entso-E, the European net-
works associationandincludes 150 billion euroinvestments for about 200 projects including
the mentioned development-plan. On the storage side thereis not a spedficplan yet. Infact,
as reportedinchapter3.1.3and 4.2.3 the storage adoption benefitis undervalidation with
the two bigpilot projects thatthe TSO Ternais managing. Itis expected to have specific
planned activities inthe next nationaldevelopment plan, once the validation results will be
more consolidated.
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4.2.4 United Kingdom
Responsible Partner: United Technologies Research Center

From 1957 to 1990 the mainsupplierin the UK electricity indus-
try was the Central Electricity Generating Board (CEGB). CEGB

was responsible forthe electricitygeneration onlyin England

and Wales. Differentlyin Scotland the electricity generation was controlled by the South of
Scotland Electricity Board and the North of Scotland Hydro-Electric Board.

Inthe 1990s, duringthe phase of the liberalization ofthe electricity markets, the operations
of CEBG were divided in two categories and four companies

1. Generating activities
a. PowerGen (now known as E.ON UK)
b. National Power
c. Nuclear Electric (then British Energy, finally EDF Energy)
2. Transmission activities
a. National Grid
natiﬂﬂa|g rid Nowadays, National Gridis the English TSO which is driving the

activitiesinthe area of demand-side response and more in general
the activities related to demand side management.

—

nationalgrid

Electnicity
transmission

Figure 56: Electricity transmission in UK; Source: (National Grid, 2016)
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As one can see in Figure 56 UK has four different TSOs.
* National Grid, England and Wales;

* SPEnergy Networks, South Scotland;

* Scottish and Southern Energy, North Scotland;

* Northern Ireland Electricity, North Ireland.

One of the mostimportant activities of National Gridis to re-planthe transmission opera-
tionsinpresence of faults or unexpected spike in consumer demand. National Griduses one
of the following tools to communicate shortfalls to the energy market:

1. Notice of insufficient system margin (NISM). Thisisaformal commu-
nicationthatlets market players knowthat the marginal over produc-
tionisnotasbigasitwas predictedforthat particulartime of theday.

2. Highrisk of demand reduction (HRDR). This communication is used
when thereis no enough time to notifythe market of a sudden short-
fall.

3. Demand control imminent (DCIl). In the casethe market does not re-
acttoa HRDR communication,an DCl noticeisissuedasking the elec-
tricity distribution companies to reduce demand across their networks.
Two are the consequences.

a. Aslightreduction in the electricity voltage willsolve the prob-
lem with minorimpact on the final consumers.

b. The distribution companies mayneed to implement controlled
power cuts to final consumers if thereis a severe supply disrup-
tion.

At the distribution level, the UK grid allows Distribution Network Operators (DNOs) to own
and operate the distribution network, bringingelectricity from transmission network to final
consumers. InUKitisimportant to distinguish between DNOs and Suppliers: the DNOs do
notsell electricityto consumers. This responsibilityis owned by electricity suppliers.

In Figure 57the DNOs in UKare shown:theyare responsible for specificregionsin England,
Wales, Scotland and North Ireland.

Finally, the suppliers are responsible for selling the electricity to the consumers. In the UK
media, the largest energy (gas and electricity) suppliers are oftenrecognized as the Big Six
EnergySuppliers: theysupply energyto over 50 million consumers and over 90 of the do-
mestic demand.
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Amongthe BigSix, EDF Energy, E.ON UK, npower, Scottish PowerandSSE sell electricity to
the consumers.

In the last decade, National Grid started interesting programs for allowing consumers to par-
ticipate to balancing services. Obviouslynot all the consumers candirectlysupport grid ser-

vices, but theyare allowed to be aggregated.
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Figure 57: Electricity distribution in UK, Source: (National Grid, 2016)

The presence of aggregatorsinthe gridallows a new opportunity for consumers. Instead of
establishing a contract only with the suppliers, a consumer canestablisha contract with the
aggregatorandhence receivingrewards for supportingthe grid. The aggregators legally rec-

ognized by National Grid are shown in Figure 58.
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Figure 58: Aggregators recognized by Natlonal Grid; Source. (National Grid, 2016) -

Future progress and development of UK grid

NationalGridin therole of TSO, together with UK Transmission Owners including Scottish
Hydro Electric Transmission and Scottish Power Transmission, publishes a yearly report
called Electricity Ten Year Statement (ETYS). The first ETYS was publishedin November 2012
(National Grid). Usually ETYS ca ptures the important needs at transmission level, in particu-
larsystem reinforcement needs. Anotherimportantreportis the Future Energy Scenarios
(FES) which captures all the challenges related with the future development of the overall
UK grid.

LastETYS has beenpublished in November 2015 (National Grid, 2015) and some of the
needs attransmission level are derived from the FES 2015.

In Figure 59 the Future Energy Scenarios proposed by National Grid are proposed.

First of all, one should note how the scenarios canbe characterizedbased on two main as-

pects:greenambition and prosperity. The four proposed scenarios are the followings.

1. No progression. In this scenariothe limits imposed by economic, polit-
ical andsocialdecisions resultina no progressionscenario, where lit-

tle innovation is introduced in the electrical grid.

2. Slow progression. In this scenario the social behaviours push fora
more greenenergyscenario. On the other hand, economyand political
decisions push backpossible investments forimprovingthe grid, which

resultsina very medium level of innovation in the energy sector.
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3. Consumer power. In thisscenario, thanks to theincrease of prosperi-
ty, the economyis able to investin hightechnological innovation fo-
cusing onmarketand consumer needs. On the other hand, social be-
havioursdonotallowfora total greenscenario since the consumers

are pushed to act green, without a conscious decision.

4. Gone green. In thisscenario, the greenambitionanda prosper econ-
omyare ableto pushformore energyinnovation, newgreen policies
andthesocietyis activelyengaged inmovingto a more green energy

sector.
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Ecommis = stormhd oomomes growth

Political - govermiment pobcioe: ooy on iInckgsnoue

SGCLFy of SUDDy el Carbon reduchon

Techanobogecal = hegh nnosason ocused o ket

and consumar nescs, Hgh kesels of Iooal panarabion

and a modure of ganaraion Ty o namonal vl Bocial = Socuty BCtvaly Sngacd i oG graan”
Social - comurmarsm angd Quesity of e drvos Dohessour A emental — e poicy FESrVEIEOn GG
el Casirg for Qoeng) groan, Mot & COMSCIoUS ChacTsecn f. st aaric P II!II ety e achid
Ermvaoadreatal L iy A Mok

DN Do Mo Felaad

No Progression Slow Progression

SRR R IR L —

Political - ncormestont polibcal stebormants and Political - Europaan hamn

i ok of focus on envinormental Grengy policics . Ot SR R Sy
Technologecal = Ktk nncvston ooours in e enegy ; i TR b o AR
sacior with g i tha prefared dhoscs for ganamntion kaad erewEbic ard
i ko CEron

Hocial ~ sockaty b coet comnacioun and focuned

on T hare and now

[Erndransnental - redacnd low carbon polsy

spport and Emited new nbenventonn

Figure 59: Future Energy Scenarios 2015, National Grid (National Grid, 2015).

At the transmission level, one ofthe clearanalyses in the ETYS 2015 is that the UK grid is
alreadydesignedto have enough capacityto carrypower fromgenerationto demand. How-
ever,movingto a lowcarbonfutureisimposingthe following challenges at the transmission

level (see (National Grid, 2015)).

* Wind generationwill increase in Scotland, meaning the transmission sys-
tem hasto beimproved for carrying capacity from Scotland to southern
parts of UK.
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* New nuclearplants willbeinstalled and thanks to the technological inno-
vations, they will be largerthan those currently operating.

* Depending onthe political decisions at EU level, more interconnectors
could exist between UKand Europe, meaningmore capacitycanbetrans-
ferred from/to continental Europe.

* Basedonthe morerecentand future regulations many thermal genera-

tors have closed or will be dismissedinthe coming years. This will corre-
spond to a need of redistributing the capacityin the grid.

* Embedded generation (in particular solar powerinsouth UK) is expected
to continueis growth as well as the decreasing of the reactive demand.
* Given thechanging energylandscape, off-peak conditions become increas-
inglyimportantas a driver of investment.
Foraddressingsome ofthose challengestwo projects are currentlyinprogressand are sug-
gested to continue:

a. UpgradedBeaulyto Dennycircuit, which can improve transmission

across Scotland;

b. Construction ofseriesandshuntreactive compensation and Western
HVDC Link across the Anglo-Scottish boundary.
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Figure 60: Gone green scenario, Future Energy Scenarios 2015, National Grid (National Grid, 2015).
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Anotherinterestinganalysisatthe transmission level is reported in Figure 60 where the
need ofstorage system isverylimitedat Carbon Capture and Storage (CCS) and pumped

storage.

So farelectricitystorage systems have beennotinduded in any FES. However, the stake-
holder meeting in preparation of the FES2016 (National Grid, 2016 ) clearly stated that elec-
tricitystorage shouldbeincludedinthe Gone Green and Consumer Power scenarios. The
opportunitiesgivenbyelectricity storage will be proposedinthe FES 2016 analysis covering
the opportunitiesattransmission, distributionand behind the meterlevel of the electrical
grid. FES 2016 will be launched in July 2016.
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5 Possible applications of the energy storage system

5.1 Transmission grid level

5.1.1 Providing operating reserve
Responsible Partner: B.A.U.M. Consult

The permanent balance between power generation and consumption is an important pre-
requisite fora stable and reliable grid operation. Thisincludes among others the mainte-
nance of the grid frequency withina narrow range aroundthe defined norm of 50 Hz. The
TSOs are responsible forreliable grid operationin their respective transmissiongridareaand
subordinate distribution grids. In order to ensure the balance of power generation and con-
sumptionon time scalesfrom a fewseconds to one hour, the TSOs provide operating re-
serve, thatis, theyapply measures for adjusting the generationor consumption or both of
them suchthattheyare equal. On a time-scale shorterthan a few seconds, the inertia of
turbinesinthermal power plantsis usedforkeepingthe grid frequency witha narrow range

around the defined norm (50 Hz).

Operating reserve is needed, if generation and/or consumption are not balanced because of
unexpected deviations of the consumptionand/ or the generation fromforecasted/ planned
values. On part of the consumption, deviations canresult fromvariations in purchase behav-
iour. According to powerindustryterminology, deviations of distributed generation from
forecastedvalues are equallyaccounted as demand deviations. On part of the generation,
deviations canbe due to failures, e.g. breakdown of a power plant or failures inthe forecast
(VDE, 2015). According to the regulations of the ENTSO-E (European Network of Transmis-
sionSystem Operator for El ectricity), the German TSO purchase the operating reserve from

power generators and large consumers with flexible loads.

The operating reserve canbe divided inthree categories —primarycontrol, secondary con-
trol andtertiary control (see Table 16). Theyare usedto ensure the grid balance for up to
one hourand are distinguished by theirengaging and modification speed. After one hour,
the responsibility for establishing the grid balance is transferred from the TSO to the balance

responsible parties. Figure 61 providesa schematic overview of the different categories of

operating reserve.

Categories of operating reserve

Product segment Minimum volume Activation ‘ Time slices Reward
Primary reserve weekly 1MW < 30 seconds 1/Week demand rate
automatically
Secondary reserve weekly 5 MW < 5 minutes Peak & off-peak demand rate &
automatically energy rate
Minute reserve each working 5 MW < 15 minutes partly 6x4h/day demand rate &
day automated energy rate

Table 16: Overview categories of operating reserve in Germany, Source: (Clean Energy Sourcing, 2014)
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Figure 61: lllustration of the different categories of operating reserve Germany, Source: (B.A.U.M. Consult GmbH, 2014)

Furthermore, the operationreserve can be differentiated into positive and negative operat-
ing reserve. Positive operating reserve is needed, if the demand (unexpected) is higher than
the actual power generation. In thiscase, the TSO need short-termadditional power feed-in
into the grid (respectivelythe shut-offofaload). Negative operating reserve is needed,
when the powerinputinto the grid has to be reduced (respectivelyloads haveto be are ac-
tivated).

Primary reserve

In caseofa powerimbalance, the primary control needs to be activated within 30 seconds
and mustbe available foratleast 15 minutes. The provision follows the principal of solidarity
through all synchronous connected TSOs inthe Europeanintegrated grid. Within the Conti-
nental-European grid (former UCTE-grid), about +/- 3,000 MW of primaryreserve is availa-
ble.Thisis presumablyinsufficientat high penetration |evel of fluctuating renewable power

generation,andthus a potential forthcoming field of application for battery storages.

To participate in the primary reserve market, a pre-qualification of the respective power
plantis necessary. The owner of the power plant must prove thatthe power plantis techni-
callyableto provide primaryreserve. Aggregated production units, consumer load and bat-
terystorage systems can provide primaryreserve if operated accordingly. In addition, re-
newable energies sources can provide operation reserve, notably negative operation re-
serve.Forexample,inlrelanditis specifiedthat windturbines should provide primary re-
serve (legal framework of the Grid Code) (VDE, 2015).
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Secondary reserve

The secondaryreserve replacesthe primaryreserve. It has to be activated within 5 minutes,
the first megawatt within 30 seconds. This happens directly and automaticallyon demand by
the respective TSO. The secondary reserve must be available fora period from 5to 15
minutes. In contrast to primaryreserve, secondaryreserve is usedforbalancing the power
generation and demand in a specific control area.

Such ason the primaryreserve market, a potential market actor needs a pre-qualification for
providing secondaryreserve bya power plantor byotherflexible operating resources. Based
on theirquickresponse, batterystorage systems are technicallyable to provide secondary

reserve.

Minute reserve

The minute reserve takesovertherole of the relatively expensive secondary reserve after
15 minutes. Throughinstruction by phone, the TSO requests the needed minute reserve by
one and/or more providers. After the request of the TSO hasbeen made, the minute reserve
must be activated within 15 minutes. The minute reserve must be available for a period of

15 minutes (min.) to one hour (max.).

Beside the primaryandsecondaryreserve, the minute reserve can be a further field ofa ppli-
cationforbatterystorage systems. However, it should be noted that battery storage systems
providing minute reserve must be available for a quite long period of operation. Thisusually
requiresa large storage capacity. Alternatively, cascades of battery storage systems or com-

binations of battery systems with other flexibilities are a feasible option.

Project example:

The project “Swarm” in Germanyis a good example for a batterystorage system providing
operatingreserve. 65 pre-qualified, interconnected, decentralized battery storage systems
provide operatingreserve forthe primary reserve market. Every batterystorage systemcon-
sists of lithium-ion batteries. Siemens has providedthe power electronics. What makes it
specialisthateachone of the 65 batterystorage systems have a control unitand can re-
spondindependently of the others to deviations of the grid frequency from the norm. The
individualbatterystorage systems are installed in private households and are connected via
UMTS with the control centre. The control ce ntre monitors and regulatesthe charging level
of each system. Thus, the offered primaryreserve is available atanytime. The project shows
thatinterconnected, decentralized lithium-ion battery storage systems can contribute to a
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reliable and stable grid operation by providing positive and negative primary reserve (energy
2.0, 2015).

5.1.2 Enhanced frequency response
Responsible Partner: B.A.U.M. Consult

When conventionalthermal generation is going offline while increasing amounts of inter-
mittent renewables are connected, the system inertia decreasesresulting in an increased
frequencyvolatility. The deployment of a balancing service with a sub-second response time
is improvingthe control of the frequency deviations andreduces theresponse required in
times of lowsysteminertia. Enhanced frequencyresponse (EFR) is a new service comple-
menting operationreserve atthe lower end ofthe time-scale. Amarket existsat presentin
the UKwhich is almost exclusivelyserved by batterystorage systems. Presumably, Germany
will become the next large market for EFR response whennudear poweris phased out by
2022. More generally, EFR willbe requiredinall areas with a high contribution of generation
without rotating masses (e.g. PV plants) or without direct coupling ofthe output frequency
to the rotating mass (e.g. wind power plants).

For more details see ELSA deliverable D5.3.

5.1.3 Temporary redispatch
Responsible Partner: B.A.U.M. Consult

While the operatingreserve is used to balance deviations of generationand consumptions in
time, redispatch measures do this inspace, that means, theyare usedto avoid oreliminate
bottlenecks in their respective transmission grid area. The responsibility rests with the TSO.
Basically, the term dispatch designates the establishment of an operation plan for power
plants through power plant operators. The termredispatch designatesa temporary modifi-
cationofthisoperationplan. More precisely, redispatchis defined as a measure which is
activatedbyone orseveral system operators and which consistsinaltering the generation
and/orload patterns within an area, in orderto change the physical electricpower flows in
the transmission system and relive a physical congestion. (Weyer, 2013)

If a bottleneckto a power flow impedes at a certain pointinthe grid, power plants upstream
this pointareinstructedto reduce theirfeed-in, while power plants downstream this point
are instructedto increase their feed-in. Inthis waya modificationof the load flow is gener-
ated which counteracts the bottleneck. (BNetzA, 2016)

Figure 62 shows a possible scenariofora redispatch measure. Within country A, an unex-
pected wind power feed-in increase happens. This leads to anincrease of the electricity ex-
portfrom country Ato countryB suchthatthe connectingcable between countryAandB is
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overloaded. To eliminate thisbottleneck, plant A decreases its power generationand plant B
increasesits. This measure generatesa modification of the load flow which counteracts the

bottleneck.

Redispatch: example unexpected wind power feed-in

Increase of the export
between country A => country B

Country A Plant & 1) Cable A-B is overloaded
2) Redispatch measurement:
A Decrease feed-in plant A

Increase feed-in plant B

| 3) Elimination of the bottleneck

Country B l I

Plant B

l

Figure 62: Example redispatch concerning unexpected wind power feed-in, Source: (Fraunhofer IWES, 2014)

Forexample,in Germanythe costs for redispatch measures were about 1 billioneuros inthe
year2014.The TSO Tennet alone accounted redispatch costs amountingto 700 million euro.
Outofthis 225 million euros were costs of increasingand decreasing the feed-in of power
plants. 152 million euros were costs of activating emergency reserves, and 329 million euros
were compensations paidto wind power plant operators because of curtailments. The sec-
ond largest TSO 50 Hertz accounted costs for redispatch measures amounting to 300 million
euros. (energie-tipp, 2016)

These figures showthat redispatch measures cause substantial costs. Experts forecast that
the costs of redispatch measureswill increaseinthe nextyears notonlyin Germany, butin
the whole European Union. Therefore, storage technologies, e.g. battery storage systems
could be used as an alternative variation of redispatch that can substantially reduce the
costs because oftheir s pecific technical characteristics. On one hand, surplus electricity can
be stored without decreasing the feed-in of power plants. On the other hand, the stored
electricitycan be fed back into the grid, once itis needed.

In this context, a further possible application ofbatterysystems could be preventive bottle-
neck-management (see chapter 3.2). Power generation peaks canbe shaved by temporary
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storage and the storedenergycanbe usedlater, whenitis needed. The result of this meas-

ure is a more even use of the power grid during the day.

5.1.4 Black start capability

ELSAESS do not have the capabilityto support blackstart of power plants aftera black-out.

For this reason, this application of battery storage systems is not discussed here.

For more information on this application see the ELSA deliverable D5.1.

5.1.5 Compensation forecast errors

Responsible Partner: B.A.U.M. Consult

The operation of power plants must be scheduled in advance to ensure the balance of load
and generation. Es pecially fluctuating power generation challenges the so called “timeta-
bles”. For example, the contribution of wind and solar plants to the general power genera-
tion canonlybe determined by predictions. Due to the uncertainty of these predictions, this
leads to deviations between the forecasted and actual power generation whichis the higher
the longerthe forecast. Respective deviations from the forecast must be balanced byin-
creasing the generation ordemand within 15 minutes.

TSOs are responsible for the compliance of the grid frequency (50 Hz) in their respective
transmission grid area and subordinate distribution grids (see 5.1.1). Therefore, TSOs hawe to
buycontrol power/operating reserve to coverdeviations in energy production due to predic-
tion errors. (Cai, etal., 2015) Based onthe further expansion ofwindand solar power in Eu-
rope, TSOs have to face additional operation costs to balance unexpected large forecast de-
viations.

The study “Untersuchung verschiedener Handelsstrategien fiir Wind und Solarenergie unter
Berticksichtigung der EEG 2012 Novellierung” showed that a sophisticated trading strategy
can avoidcosts caused by short-time forecast errors. (Mohrlen, etal., 2012) An alternative
are virtual power plants which compensate forecast errors. Within a virtual power plant,
batterystorage systems can provide the part of the requested powerthat cannotbe provid-
ed bygeneration units. Despite their limited energy storage capacity, battery storage sys-
tems cancontribute to balance forecast errors, related to the relevant period of 15 minutes
thanks to theirabilityto provide a rather high power fora short period of time. (VDE, 2015)

Furthermore, batterystorage systems canbe built as backup energyresource for wind and
PV power plants. Based onthe technical characteristics, battery storage systems can offer
not only positive but also negative control reserve. (Based on: (Cai, etal., 2015) )
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The study “application of batterystorage for compensationforecast errors of wind power
generationin 2050” showedthat battery energy storage systems are an outstanding alterna-

tive forshort-term balancing inorder to reduce the cost of forecast errors. (Cai, et al., 2015)
In the following, selected results and explanations of the study are shown in more detail.

Figure 63 shows that the income from balancing increases significantlyand the cost of bal-
ancing decrease whena batterystorage systemisoperated, because the system can not
onlybalancethe predictionerrors butalsoserve as a supplemental supplierto provide bal-
ancing energyin the powersystem. (Cai, et al., 2015)

el e P 22,7 225 22,8

Ebncing income or cost in
i L/ Year

Withoaut Lead-acid Nal battery Lithium
bt ey batmery [=F ol

Figure 63: The income and cost due to balancing energy, Source: (Cai, et al., 2015)

The gainofthe wind power plants canbe improved by operation of a joint battery storage
system. Compared withthe scenariointhe years 2011-2012 for the wind power plants, the
gainper MW could increase byapproximately33 % in year 2050 (see Figure 64). (Cai, et al.,
2015)
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Figure 64: Results of different scenarios using different types of battery storage systems, Source: (Cai, et al., 2015)

Besides the compensation of forecast errors on transmission gridlevel, itis also possible to
use batterystorage systems directlyat distribution grid level to provide thisservice. In Ger-
many, a control area consists of different balancinggroups. The balance responsible party
acts as aninterface between the end costumers and the transmission grid operator. Itbears
the economicresponsibilityfordeviationsinits gridzoneand hasto regulate appearing im-
balances. The deviations between generationand demand are calculated dailyforeach bal-
ancing group bythe balancing group grid operatorandare communicatedto the balancing
group operator. In the future, it could be possible that balancing group and grid operators
use batterystorage systems, in common consultation, to balance forecast errors on distribu-

tion grid level.

5.2 Distribution grid level

5.2.1 Temporary deferment grid expansion
Responsible Partner: B.A.U.M. Consult

Usually, the grid expansion follows the development ofthe grid load and the requests for
connection of the costumers. In case of modified costumer projects or deferred develop-
mentof the demand, a hastilygrid expansioncanlead to surplus capacity by electricity ca-
bles, stations and substations. The consequences are a poor use and non-profitable opera-
tion of the grid assets. (VDE, 2015)
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This leads to capital commitment for non-profitable grid assets. The fixed capital could be
used effectivelyinanotherarea of the grid respectively the fixed capital leads to a deteriora-
tion of the efficiencyfactor. Both causeshigherfinancial burdenfortherespective grid op-
erator. (VDE, 2015)

Basedon these facts, temporary deferment of the grid expansion leads to a financial ad-
vantageforgrid operators. This advantage is reflected ina cash-value benefit. Asitis permit-

ted oracceptable, the basic measureis the limit the feed-in of power plants or to restrain
the demand. (VDE, 2015)

In this case, another possible scenariois the use of battery storage systems. It can be as-
sumedthatonlytemporary power peaks will appearinthe first phase ofthe development of
the demand. This temporary power peaks canbe easilyintercepted by battery storage sys-
tems. Generally, grid expansion is necessary but battery storage systems could playan im-
portantrolein anefficient way of grid expansion. A corresponding procedure probably
needs mobile battery storage systems. These systems should provide an easyplug-and-play
function. Dependingon demand, thisfunction allows an efficient use ofthe battery storage
systems at different grid points. As the case maybe, the batterystorage systems compete

with mobile backup power systems. (VDE, 2015)

Depending ontechnical requirements, the ELSA battery storage systems can be used for the

addressed service.

Project example:

A casestudyand pilot projects on Magneticlsland, conducted by Ergon Energy(energy sup-
plierin Queensland Australia) withina Solar Cities project, proofed energystorageincombi-
nationwith another source ofrenewable energies to be an alternative to cost-intensive grid
extensions of about $18.6 million, includingthe instalment of a third undersea cable to the
island.

Becauseitisanisland of the, Magneticlsland is connected to the Australian Mainland and
NationalElectricity Market via two undersea cables. Theisland has about 2,500inhabitants
butmeanwhileitis a populartourist destinationduringholidayseasons, so that energy de-
mands canvarystronglybetweenan average demand of 5 MW in winter (2012) and an av-
erage demand of 3.4 MW in summer, mostly because of air conditioning. For what the ener-
gy storageisconcerned,itisnotclearyet,inhow faritcontributedto reduce peak demand,
sincethereis notenoughdata untilnow. (Bruce, etal., 2013) Still, peak demand on the is-
landcould bereduced byapproximately 16 percent downto 2005 levels, and had deferred
the need to build a third undersea cable. (Parkinson, 2013)
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5.2.2 Providing reactive power
Responsible Partner: Allgduer Uberlandwerk

With alternating current, the forces and direction fromcurrentandvoltage are changing. In
Europe both ofthem have a sinus-shaped formwith a frequency of 50 Hertz. When current
and voltage are swinging simultaneous the product of both pulsingvalues are resultinginan
also pulsing power which hasalways a positive value, thisis puresocalled active power as

you can see in Figure 65.
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Figure 65: Current and voltage are oscillating Simul- Figure 66: Current and voltage are oscillating with an
taneous; Source: (SMA Solar Technology AG) off- set of 90°; Source: (SMA Solar Technology AG)

As soonastheoscillationof currentandvoltage are being shifted against each other the
product of them is alternating between positive and negative values. The most extreme case
is a shiftbya quarter period (90°), as you cansee inFigure 66. Which means when the cur-
rentis reachingits highest point the voltageis zeroandthe otherwayaround. The resultis
pure reactive power. The shift between voltage and currentis called phase shiftand it can
have two different directions. The shiftis happeningwhen coilsor capacitors are within al-
ternating current, whichis almost always the case. Coils are used inalmost all engines and
transformers cause aninductive s hift, capacitors cause a ca pacitive shift. Multi core cables
are behaving like capacitors and long high voltage power transmission lines like long
stretched coils. Therefore, thereis always a certain phase shift and therefore a reactive
powerinthegrid. The degree of shiftis givenincos(@) itcanhave values between O and 1.
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Onlyactive powercanbe used, reactive power cannot fulfill work it onlycommutes through
the powergridand encumbersit. The whole grid infrastructure like cables, transformers,
switches et cetera have to consider reactive power, have to transportit ortransform it. They
have to be constructed forthe apparent power whichis the resulting power from active and
reactive poweras shown in Figure 67.
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Phaze thift co() i Wnit
Ay
[
¥
P ]
5= e
LT T 5= L Fr= % eenilg) G=v5-F

coall

Figure 67: Mathematical relationships between apparent, active and reactive power; Source: (SMA Solar Technology AG)

Of course the phase shift between current and voltage canbe compensated, it only needs an
opposite phase shift whichcanbe done through compensating coilsor compensating capadi-
tors. Therefore, transportlosesinthegridcanbeloweredas well as the apparent power
which freescapacityforactive powerto be distributed. Reactive powercanbe used to par-
ticipateinthe voltage control in power grids. For example, bigpower plants are feeding their
productionalready with a capacitive reactive powerintothe gridin order to compensate the
voltage raise done byinductive transmission lines.

The effect of voltage raisesordrop byreactive power can also be used to enlarge the num-

berof DERina certain grid section without having to extend the grid because of voltage rea-
sons.

Since modern converters are able to provide eitherinductive or capacitive reactive power
the ELSA battery system can be used to:

* Compensate reactive power and therefore unload the grid

* Feedin reactive powerto help balance the grid voltage
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Project example:

An examplefor providing reactive poweris IREN2. The project represents a small micro-grid,
developedbya researchgroup of Siemens between 2010and 2013,andislocated in Wild-
poldsried thatin2010already produced twice as much electricity as the community needed
forconsumption by using wind, solarand biomass facilities. The purpose was to realise, and
analyse a “micro-grid prototype with islanding ca pabilities as well as a topological power
plant prototype” to find out, how sustainable resources and their systems services can se-
cure reliable grid operation.

“Two controllable distribution transformers and a batterystorageinstallation” helped the
smart-grid to be able “to flexibly balance the community’s fluctuating electricitysupply and
powerdemand, thus to maintain grid stability” within the community. “The community’s
smartgridis alsoequippedwith a sophisticated measurement system, a state-of-the-art
communications infrastructure, and distributed, renewable power generation systems such
as photovoltaicand biogas units. As a result of these systems and its smart grid, Wild-
poldsried now producesmore thanfive times more electricitythanits residents consume,
which is significantly more than whatis needed to meetits peak loads.” For the time to
come, the aimis to find ways so that the micro-grid operates as a “topological power plant”
which refers to a grid sectionin which systems, usingrenewable energy sources, interact

with additionalcomponents to regulate the grid like todays’ conventional power plants do
today. (Webel, 2014)

5.2.3 Reducing grid losses
Responsible Partner: B.A.U.M. Consult

The term gridlosses ortransmission | osses describe the difference between the generated
electricalpowerandtheusedelectricalpower. The gridlosses in the Europeanthree-phase-
systemare calculatedat 6 % of the generated power, takingthe whole performance of the
grid intoaccount (average ofallvoltage levels). Transmission |l ossesappear due to the ohmic
resistance of the transmissionlines and, to a lesser extent, electromagneticradiation emit-
ted from gridlines. The electricity transmitted through transmission lines heats the lines.
This physicalprocessis described as ohmiclosses. Further, voltage-dependentlosses by co-
rona discharge, losses of providingreactive powerandlosses in power transformers are also
relevant. (Wikipedia, 2015)

Transmission effidencyis greatlyimproved by devices thatincrease the voltage, (and there-
by proportionatelyreduce the current)intheline conductors, thus allowing power to be
transmitted with acceptable losses.
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“The reduced current flowingthroughthe line reduces the heatinglossesinthe conductors.
Accordingto Joule's Law, energylosses are directly proportional to the square of the cur-
rent. Thus, reducing the current bya factorof twowill lower the energylost to conductor
resistance by a factor of four for any given size of conductor.” (Wikipedia, 2016)

Figure 68 provides an overview of the transmission grid losses in 2013 within the European
grid. The losses caused by transits in each transmission systemare determined by: (ENTSOe,
2014)

* Recordingtheloadflow SituationforeachITC(Inter Transmission System
Operator Compensation for transits) Party for 6 monthlysnapshots T (3rd
Wednesdays and preceding Sundays at 03:30h, 11:30h and 19:30h
CET/CEST):

0 with transitrepresented on interconnected system;
0 with transitrepresented on disconnected system;

* The losses caused bytransitforthe particularhour APlossk (t) isthen de-
terminedasthe difference of losses observed in the two situations;

* Basedon amappingthatattributes everyhourofthe monthto one of the
sixsnapshots timestamps t, eachsnapshottimestamp is given a weight
w(t);

* The overall monthlyamount of transitlossesforeachITCpartyis derived
by aggregating the weighted transits for the particular hours.

Furtherexplanation/specifications of this calculation methodcanbe found in the Commis-

sion Regulation (EU) No838/2010.
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Figure 68: Overview transmission losses in 2013 in the European Union, Source: (Zoerner, 2014)
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With a shareof 18,7 % (516 GWh) most transmission | ossesa ppeared in Germany. In sum-
ma, the transmissionlossesin the Europeangridare estimatedaround 2,766 GWh. Howev-
er,basedonthe geographicallocation of Germanyinthe middle of Europe and the relatively
large north/south expansion the transmission lossesare always higherthan inthe Scandina-
vian countries. (Zoerner, 2014)

In principle, balancing ofthe load flows is a possible application or service, that battery stor-
age systemcan provide to reduce grid/transmission | osses. Battery storage systems, that are
usedforbridging bottlenecks (see chapter 3.2) contribute automaticallyto the balancing of

load flows.

However, severalstudies assume (VDE, 2015) that batterystorage systems which are only
usedto reduce transmission lossesmight cause morelosses during the charging and dis-
charging process of the battery storage systems.

In this context, further R&D projects addressing this topic could provide a common view of
this possible application of energy storage systems.

Project example:

A fieldtestcarriedout by SMA confirmed that decentralized storage systems have the a bility
to increase self-sufficiency and to improve supply security, for which SMA collected “opera-
tion data from 10 PV plants with grid-connected storage systems over a period of 12
months. [...] The result: No performance data recorded fromanyPV plant,onanyday, indi-
cated higher grid exchange capacity caused by the storage system.” In contrast: “given con-
stant maximumvalues, the average rates ofchangeinthe grid exchange capacity actually
wentdownbya significant degreeinall cases. Inthe system with the smallest PV peak pow-
er,the rate decreased byabout 26 %, andthisdespite an operational control designed for

maximum self-consumption. “ (Kever, 2012)

5.2.4 Voltage control
Responsible Partner: Allgduer Uberlandwerk

Once the electrical power grid was built to distribute power from few large scale central
power plants to manysmall scale consumers, now where more and more distributed energy
resources are feedingintothe gridindecentralized places the power grid has to manage
different difficulties one of them is to keep the voltage within the given tolerances.

The TSOand DSO have the responsibility to keepthe quality of the voltageintheirgrid area
within defined boundaries. Furthermore, theyare responsible to limit the voltage drops in

case of a short circuit. (Agricola, 2014)
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In general, there are four different scenarios which cancause the voltage to leave their tol-

erances.

1. Higherproductionthanconsumption in the gridsection without hav-
ing adjustable transformers who are able to adjust their working band

to the changing voltage. Leads to an ascent of voltage

2. Higherconsumptionthenproductionin the gridsection without hav-
ing the capacity of transformingand distributingmore powerfrom the
higher grid level. Leads to a decent of voltage.

3. Fluctuation of reactive power. Lead to anascent ordescent depending
if inductive or capacitive reactive power

4. Shortcircuitin the grid. Leads to a voltage drop

There are different solutions to regulate the voltage forcase 1to 3:
* Use of adjustable transformers
* Reduction offeedin production respectively lowering of consumption

e Usingreactive powerto lowerorraise grid voltage.

In case4thesectionof the grid where the short circuit appeared needs to bedisconnected
and the problem has to be fixed. Nevertheless, DER can help supporting the grid by staying
connectedeven the grid voltage is dropping out of theiroperating range. By keeping con-
nected and stillfeeding in they can prevent massive production drops whichwouldcausean
even higher decent of the voltage.

The ELSA batterysystem can supportthe grid by providingvoltage control through different

services.
1. Broadeningload

By chargingthe batterysystem during times of lower demand in the
grid section and feeding the stored power back in case of highdemand
an unbalance betweendemandandavailable powercan be lowered.
Because of that voltage decants can be reduced.

2. PV peakshaving

Intimes were manyDER are feeding their powerinto the grid and
causing avoltagerise, the ESLA batterysystem is able to store the
overproductionandfeed it backintothe gridat a latertime period. For
example, canthe batterycutthe middle day peak fromPV plants and
feed-back at the evening orat night.
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3. Providing reactive power

By providing reactive powerthe voltagecanbe raised or lowered. It
has to beclearthatitcanbenecessaryto compensatethe feed in re-
active poweronotherpoints of the grid, due to agreements between

the DSOandTSOorinorderto reduce gridloses. See also point 5.2.4.
Project example:

Developing a32 MW/ 8 MWh grid energy storage solution at the Laurel Mountain, AES Wind
Generationbuiltthe largest facilityof its kind referring to the year of2011. The storage sys-
tem consists of anadvanced lithium-ion battery technologyininteraction with the AEROS ™
management system anda wind generation plant. Results showthis energystorage system
to provide frequencyregulationas voltage control services with an additional revenue
streamandanoperation capabilitywhich oftenis not available from wind generating plants
as wellasanoverall grid reliability. The storage system also shows its capabilityof moderat-
ing the output of the wind generation to manage ramp rates. (ESA - Energy Storage

Association, 2016)

5.2.5 Redispatch
Responsible Partner: B.A.U.M. Consult

Analogto chapter5.1.3,also DSOs could use redispatch measures to avoid or eliminate bot-
tlenecks intheirrespective distribution grid. Forthe definition ofthe term “redispatch”, re-
spectively “redispatching”, refer to chapter 5.1.3.

As has beenpointedout on previous chapters, decentralized power production leads to
complexgridsituations. Therefore, local measures for grid services become more important.
Forexample, multiple megawatt of flexibilityis needed at a networknote onthe distribution
grid level. Redispatch measures could be used to provide the requested flexibility (genera-
tion ordemand). DSOs use contractualguaranteed flexibility, e. g. in the form of battery
storage systems. The retrieval of the flexibilitywill be provided directly to the DSO by the
respective grid user or supplier of the flexibility. The study “dena-Studie Sys-
temdienstleistungen 2030” pointed out that distribution grids can be used forredispatch
measures forthe superior transmissiongrid. Inthiscase, a sufficient regulatoryflexibility at
anytime must be guaranteed to ensure the (n-1) security of the transmission grid. “A system
is N-1secure if anyelementinthe system mayfail without overloading anyotherelement”.
(ETH, 2005) As mentioned before, battery storage system could provide this distribution gird

service, based on the technical requirements.
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5.3 At power plants

Applications of batterystorage systems on the premisesor nextto power plants are the re-
ductionoftheramprate orstartingassistance. However, ELSA ESS are conceived for systems
up to 96 kWh of storage capacity whichis too small forthese applications. For this reason,
theyare notdiscussed here.

5.4 At consumer / prosumer level

5.4.1 Power purchase optimisation (peak shaving etc.)
Responsible Partner: RWTH Aachen University

As alreadyintroduced in D1.1 we define Peak Shavingaccordingto (Smart Grid Task Force,
2015) as theflattening of anelectricity consumption load curve. The power purchase is
moved from middayforexample to a time period which might be characterized bye.g.low-
erelectricity prices.

With respectto the ELSA projectandtheintegration of 2™ Life electric vehicle batteries
within the distribution network, we find manyresearch activities that develop intelligent
coordinationstrategies for Plug-in electric ve hiclesor Plug-in hybrid electric vehides, such as
in (Vandael, etal.,2013) or (Alam, 2015). Within peak load periods electric batteries in gen-
eral mightbe used to support the electrical networkandin particularthe feeder where itis
connected to.

Authors in (Alam, 2015) explain the mainadvantages of peak shaving with electric vehicle
batteries. Since the electrical energy prices are highintimes of peak loads, peak shaving
probably provides a direct monetary benefit for the stakeholder. However, next to this tech-
nical benefits are alsoachieved, such as network voltage improvement or equipment utiliza-
tion/loading. Voltage regulators within distribution grids might alsobe relieved due to lower
voltage limits which leads to a reduction in the tap operation of the regulator.

The mentioned description is mainly related to the integration of electric batteries; however,
the benefits of peak shavingare reachable whenever a portfolio providesflexibility, such as
electro-thermal heating units. Insuch cases the electrical demand is decoupled from the

necessity of thermal generation through the usage of thermal storages.
Project example:

An existingapplication for power purchase optimisation can be seenatthe BMW Technolo-
gy Office in Mountain Viewwhere a 2" ife batterystorage systemhasbeen installed. The
utility consists of 8 used battery packs from former MINIE EVs and a 100 kW inverter. Addi-
tionally, the systemis integratedintoanadvanced building energy management systems,
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and is connected to a network of EV charging stations, including several DCfast charging

stations, as well as to a 100 kW solar array. (Sania National Laboratories, 2013)

5.4.2 Uninterruptable power supply

ELSAESS do not have the capabilityto provide uninterruptable power supply. For this rea-

son, this application of battery storage systems is not discussed here.

For more information on this application see the ELSA deliverable D5.1.

5.4.3 Increasing the quote of self-consumption
Responsible Partner: B.A.U.M. Consult

A common terminology of terms andtheiruseisanecessarytool withinscientific European
research projects. It helps to avoid misunderstandings and difficulties associated with differ-
ent meanings of same terms. Therefore, itis indispensable to explain the difference between
self-consumption and autarky (chapter 5.4.4).

* Self-consumption describesthe share of generated electricity, which is
directly, orafter having been stored on-site, consumed by the operator of,
forexample, a photovoltaicsystem. The quote of self-consumption de-
scribesthe amount of self-consumed PV-electricity compared to the

whole amount of the (for example) PV-system.

* Autarkycanbedefinedasthe degree of self-sufficiency. The purpose of
energy-autarkic habitats is to be independent of third parties concerning
energy consumption forliving. (Wikipedia, 2016) The quote of autarkyis
differentto the quote ofself-consumption. The quote auf autarky de-

scribes how independent a household is from its supplier.

The following example clarifiesthe differences between the quote of self-consumption and
the quote of autarky. Even the private use of the PV-generation is equal the result for each
guote is different.
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Quote of self-consumption Quote of autarky
Purchase: PY-ganaration Purchase: overall consumption household
private use of the PV generation kWh/a private use of the PV generation kWh/a
overall geneation of the PV plant kKW hfa anmual electricity consumption kWhfa
Example” Exarmuple®
2,000 kWhfa 2,000 AWhfa
6,000 kWh/a 33% 3.000 kWh/a 50 %
*annual electricity consumption: 4,000 k\Wh
crverall generation of the PY plant: 6,000 k\Wh
private use of the PV generation: 2000 kWh

Figure 69: Difference between the quote of self-consumption and the quote of autarky, Source: (AUW, 2015)

Basically, wind-, PV-, biomass- and CHP-plants are suitable for auto-production. All varieties
need a special concept, owed the different ways of generation. For simplification purposes,

the furtherstatements refer primarilyto private households with installed PV-systems.

Due to massive loads in timesof high productionrates ofrenewable energies (such as PV-
generation), energeticrecoveryto the higher-level of the national power grid appears for
several hours. As an alternative or supplement to the conventionalgrid expansion, battery
storage systems installedin private households as well as companies could helpto stabilize
the voltage grid, offering additional s ervices andincreasing the quote ofself-consumption.
(Albrecht, et al., 2015)

The principleis simple: the generated electricity will be te mporarily stored inthe connected
battery storage system until itis needed for self-consumption.

However, there aretwomajorinterests inthe decentralized operation of battery storage
systems. The grid operator would like to usethe decentralized storage systems to stabi-
lize/balance the distribution grid, because more than 2/3 of all PV-systems are installed in
the low voltage grid. Atthe moment, the battery storage systems installed in private house-
holds do not contribute to the grid stabilization. The private batteryowners aim is to opti-
mize primarilyits self-consumption, independently from the status of the grid.

Thesedifferentinterests areillustratedin Figure 70. The graphontheleft shows the aim of a
private batteryowner. The installed battery storage system does not contribute to the aim
of grid stability. The midday peak load generated by the plantis directly fed into the low
voltage grid. The graph on the right shows the optimal contribution of a batterystorage sys-
tem to relief the grid. (Albrecht, et al., 2015)
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Figure 70: Different generation-consumption-storage profiles, Source: (AUW, 2015)

The overall goal is to combine bothinterests. To reachthis goal, a smart energy manage-
ment control system is necessary. Different studies (Fraunhofer ISE, HTW Berlin, BSW-Solar
e.V.) shownthat private households canincrease their quote of self-consumptionupto 30 %
byputting an PV-plantintooperation. Further, private households can increase their quote
of self-consumption between30% and 60%, if theyinstall a batterystorage system, whichis
connected with the PV-plant. (Albrecht, et al., 2015)
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Figure 71: Quote of self-consumption increasing by using a battery storage system, Source: (eza!, 2015)

Figure 71shows anexample ofa private householdwithand withoutanadditional battery
storage system. The red line shows the quote of self-consumption of a private household
with a PV-plantand aninstalled batterystorage systemduring the year 2014. In yellow, you
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can seethe quote of self-consumption of a comparable household with onlyan installed PV-

plant.

The statements confirmthatincreasingthe quote of self-consumption, for example in pri-
vate households ordistricts could be a possible application for the ELSA batterystorage sys-

tem.
Project example:

Since 2012, forinstance, Pellworm Island is equipped with an Saft’s Intensium® Max 20 sys-
tem which provides 1MW of positive and negative “minutesto hours” flexibilityand so con-
tributes to the E.ON hybrid energystorage scheme for Pellworm. The 20-foot container con-
tains astorage systemwith about 560kWh ofenergy storage whose operation life is ex-
pected to last 15 years. (ESA - Energy Storage Association, 2012) Together witha decentral-
ized storageinthe formof domestic night storage heaters and heat pumps as well as with a
centralized Vanadium-Red ox-Flow battery, the storage system relieves notonlytheisland’s
network structure and upstream electricity grids, butalsoincreases a higher level of self-
consumption. (SAFT, 2013)

5.4.4 Increasing the quote of autarky

The ELSA consortiumdecided that this applicationis of little interest for ELSA ESS. For this
reason, this application of battery storage systems is not discussed here.

For more information on this application see the ELSA deliverable D5.1.

5.4.5 Local energy communities

In the context of the implementation ofthe EU’s Winter Package (European Commission,
2016), local energy communities canplaya prominent role. Local energy communities are
widelyenergyself-sufficient communities of energy producers, consumers and prosumers
who make use of locallyavailable renewable energy sources. Energy storage is a prere quisite
forensuring thatlocallyproduced energyis also consumed locally. Here, ELSA-type ESS can
playa role as electricity storage atcity quarteror village level, like the ELSA pilot site in
Kempten. This application is close to increasing the quote of self-consumption.

5.4.6 Distributed battery swarms

Distribute batteryswarms are networks of batterystorage systems which are situated in
differentareas, but which are operated centrallylike asingle large battery system. Existing
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distributed battery swarms have been realised e.g. by the company sonnen GmbH?%. The

individualstorage systems are PV batterystorage systemsinstalledin private households.

ELSAESS are notsuitable for private households, but distributed battery swarms could be
built of ELSAESS with individual batteriesbeinginstalledinlarger buildings, city quarters,
enterprises etc.

5.4.7 Controlled charging of electric vehicles

Charingof electricvehiclescanbe anadditional burden to the grid because of the high pow-
erdrawn duringcharge. Ifa stationarystorageisinstalledas a buffer between the vehicle
charging stationandthegrid, the power drawn fromthe latter can be controlled. In this way;,
a grid reinforcement might be avoided. Model calculations established by (Stohr, et al.,
2018) forstationaryenergy storage facilitatingthe operation of high-power electric agricul-
tural machineryin weakrural grids —anapplication very similar to electric ve hicle charging —
have shownthatinmost cases the combinationof a grid reinforcement and a stationary
batterystorageis the most cost-effective solution. As described in (Enhancing Synergy
Effects Between The Electrification Of Agricultural Machines And Renewable Energy

Deployment, 2018), synergy effects can be created with local generation of PV power.

5.5 Relocatable applications of storage systems

ELSAESS are not plannedto be certified for beingrelocated. For this reason, this application
is notdiscussed here.

For more information on this application see the ELSA deliverable D5.1.

2 https://sonnen.de/
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6 Economic impacts of selected applications

6.1 Influencing factors

6.1.1 Customer, consumer and societal acceptance
Responsible Partner: B.A.U.M. Consult

Forcompanies investing intechnologyitcanbeveryproblematicto deal with unpredictable
acceptance behaviour of customers “because they [the companies] allocate money, time
and effort fromotherareas of their business. Unpredictable behaviouris problematic for
technologyvendors, because theygainmarginandreputation from fast and widespread
technologydiffusion. Anditis problematic for projected users thatare usually challenged
with anincreasedinvestment of time and effortto getefficient with the new technology.
Thus new technologyimplementation is often considered a stressful project forall involved
parties. Increased understandingof the relationships and mechanisms involvedin technolo-
gy adoptionmayreduce the effort, time and stress involved in new technologyimplementa-
tion forall.” (Hillmer, 2009)

The successof theroll out of smart grids and storage technologies therefore strongly de-
pendsonthesodal andsocietal acceptance. Foradeeperunderstanding, itis necessaryto
developa refinedview onthe end userandthe societalbackgroundregardingthe introduc-
tion and diffusion of specific new technologies.

Withinsmartgrids there are different socialroles forthe end-user. Theendusercanactasa
consumerwhouses aservice, but not obligatory paying forit, likee.g.employees in an of-
fice. Theaimofso called ‘smart’ consumers is to reduce the energy consumption and the
energycosts bychanging e.g. lifestyle routines(e.g. heating, showering, using appliances,
etc.) orinstallingnew more effident technologies. Onthe other hand, customer are person
orinstitutionwhoreallybuya concrete service. “As asmart customer, an end usercan be
challenged and enticed to enforce his market position with respect to the energy providers,
offering consumption flexibility, or even becoming a commercial partner as ‘co-producer’ of
energyorproviderof energyservices(e.g. generation, storage facilities, controllable loads)”
(S3C, 2015). Itis important to keep inmind, thatthereis not one consumer or customer, but
different segments with different attitudes and behavioural patterns. An overview of exist-
ing population segmentation models and target group segmentation modelscanbe found in

the framing document of the S3C project.
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6.1.1.1 State of knowledge social acceptance and technology diffusion

Due to the strategicallyimportance of social acce ptance of newtechnologyandits successful
diffusion a growingnumber oftheoriesand models have been developed to investigate
technologydiffusion. A categorisation ofthose theories based on (Hillmer, 2009) can be
found in the subsequent figure.
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Figure 72 Overview of technology adoptation theories, Source: (Hillmer, 2009)

Technologydiffusiontheoriesand studies investigate the spread of technological innova-
tions within social networks. Diffusion herebyis definedas the “process by which an innova-
tion is communicated through certain channels over time among the members of a social
system” (Rogers 1995, p.5). The four main elements are the innovation itself, the communi-
cationchannels, the time frame andthe context of thesocial system. Rogers determined
different keyfactors for the success of newtechnologies: ‘relative advantage’, ‘compatibil-
ity, ‘complexity’, ‘trialability’ and ‘observability’. (Rogers, 2003) The ,speed of diffusion of
aninnovationdepends primarily onthe attributes of the technology, a good diffusion net-
work thatstarts by word-of-mouth, and continuesbyimitation, supported bychange agents

and stakeholders.”
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(Rogers, 2003) Rogers distinguish between ‘innovators’, ‘early adopters’, ‘early majority/,
‘late majority’ and ‘laggards’. The actors inthose categories adopt newtechnologies at dif-

ferent points of time (see Figure 73).

Individual Adopter
Categorisation on the Basis of
Innovativeness

following Rogers (1995
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Figure 73 Individual adopter categorisation on the basis of innovativeness (Hillmer 2009 based on Rogers 1995)

Useracceptance theoriesare based on persuasion models of psychology. The ‘theoryofrea-
soned action’ (Ajzen Fishbein 1973), the ‘theory of planned behaviour’ (Ajzen 1991), ‘the
technologyacceptance model’ (Davis 1989) and recent approaches like the ‘user acceptance
of information technology model’ focus onthe influence of individual intention on behav-

iour.

The ‘theoryorreasoned action’—basedonsocial psychology — describes behaviouras a
function of behavioural intention. The intention fora behaviouris seen as the product of
attitudes, subjective norms and theirindividual weighting. The ‘theory on planned behav-

iour’ additionally takes the concept of perceived behavioural control into account.
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Whilethelasttwo theories donot specifically focus ontechnology acceptance, the ‘technol-
ogyacceptance model’ (Davis, 1989) recognizes ‘perceived usefulness’ and ‘perceived ease’
as the main factors forthe sodal acce ptance of technology. Venkatesh et al. focus with their
meta theory ‘unified theory of acceptance and use of technology’ on the performance ex-

pectancy, effort expectancy, andsocialinfluence of technology. (Venkatesh, et al., 2003)

Decision makingtheoriesfocus on theindividual rationalityand organisation of interests.
Personalitytheoriesfocus ontheindividual cognition of interests. Organisation structure
theorieson the strategic organisation of interests and provide frameworks forsocial action

and learning.

As describedthereis a broad range of different modelsand theoriesdealing withthe social
acceptance of technology “in sum,onecan conclude thatindividuals accepttechnology
more easily, ifthe technology replicatestheir s ocialvalues, andif the technologyimplemen-
tationconsiders these sodal values.” (Hillmer, 2009) This acceptance strongly differs be-
tween the different segments which can be defined as user groups for newtechnology. The-
oreticallyapplied onto the acceptance ofa newtechnology, customers may be willing to
investinanew technologyif made good experiences withthe preceding technology in the
past. Theacceptance fornewtechnologyalsoraises if the new technology offers high prof-
its. Additionally, otherfactors like the privacycan be anobstacle for the diffusion of tech-

nology.

6.1.1.2 How toincrease acceptance

Within the S3C project (www.s3c-project.eu), which developed a toolkit (www.s3c-
toolkit.eu) for the active engagement of consumers, customers andcitizensin smart grid, a
meta analysesof different approaches and projects to activatetheend userin smart grids
has been examined. The main results can be transferred to increase the acceptance of stor-
age solutions, are described subsequently. Thatinformationbasedon practical guidelines
and toolswhich have beendeveloped withinthe project. The subsequent information de-

rives directly from the S3C guidelines.

Segmentation to improve target user groups

Segmentationis a methodthatallows to understand the diversity of different target groups.
Itcan be usedforexamplein recruitment, communication, the tailoring of products and ser-
vices,andin the evaluation of project results. Segmentation e ntails dividing a diverse target
group of usersintoa limited number of (approx. 5-10) subsets (‘segments’) of users who

have common lifestyles, preferences and/or needs. The approach wasoriginally developed
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in marketingto understand which key categories customers fall into, and to estimate the

size of those segments in the market.

The currenttrend—driven amongst others bythe advancesin‘big data’ technology—is to
move towards usingsegmentationas a wayto characterize individual households to enable

more ‘tailor made' customerinteractions. (SGCC, 2014a)

A keyelementis the segmentation model:the categories used to classify users. Traditionally,
these modelswere often based on socio-economicand demographicvariables, suchas age,
income, education level and householdsize. To be really useful, however, current segmenta-
tion models tendto take a broader scope of variablesintoaccount. (Sitterllin, et al., 2011);
(Breukers, etal., 2013); (McKinsey, 2013); (SGCC, 2014a); (SGCC, 2014b) Besides the socio-
economicanddemographicvariables traditionally considered, these mayinclude psycholog-
icalandsocialfactors (such as key motivations, lifestyles, attitudes, and beliefs), technical-
situationalfactors (such as housing type and features ofa households’ electricity system),
and energyuse andotherbehaviouralcharacteristics. This isreferredto as ‘integrated seg-
mentation’ (McKinsey, 2013) or ‘comprehensive segmentation’. (Sutterllin, et al., 2011);
(Breukers, et al., 2013)

Segmentationis particularly helpful whenthe target group is diverse and ‘one-size fits-all’
approaches are not likelyto work. There are four keyapplication areas for segmentation,
which are further described below: recruitment, communication about new products and
services (‘messaging’), the tailoring of products and services, and for evaluation.

More information on the concrete adaptation of segmentation models can be found in the

guideline on segmentation, available via www.smargrid-engagement-toolkit.eu.

Co-creation — collaborating to develop smart energy solutions

Smart energy products andservices, like storage solutions are more likely to succeed when
theyare directlybased on user preferencesand fulfilling a clear functionin the everydaylife
of consumers. Co-creation (or co-design/user-centredinnovation) isaway to tailor the de-
signof smart energy products or service concepts to the needs and expectations of custom-
ers —therebyaiming to enhance the chance ofachieving acceptance andadoption of these
products orservices. Co-creation takes place ininteractive workshops, focus group meetings
orotherevents,aimedatunleashingindividual creativityand sharing ideas and experiences.
Itrequires active involvement of consumers, project managers, developers and otherrele-
vantstakeholders. By giving centre stage to future usersinthe design and implementation
practice, valuable information on how the users experience your product or service can be
collected. Active participation alsotends to enhance feelings of attachmentand identifica-

tion to a project or product, usuallyleading to a stronger sense ofengagement. Thus, prod-
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ucts andservices that stemfrom a co-creation approachare more likelyto succeed because

theiradded value is more evident to the user.

More information on the concrete adaptation of co-creation approaches can be foundinthe
guideline on co-creation via www.smargrid-engagement-toolkit.eu.

Engaging costumer through telling stories

Narratives orstories canbe applied in anenergy context as an effective tool for customer
engagementandto raise the acceptance of new technology. Story-telling is a communica-
tion toolthatcanbe usedeither forrecruitment, marketing, or educational purposes in
smartenergyventures. Byusing narratives, knowledge or experiences are transferred
through individual stories that aimto engage the listener and make the content more tangi-
ble and understandable. Personal experiences aredescribed in the form of testimonials,
makinguse of metaphors or situational contexts that facilitate the listeners’understanding
of the issue at hand. Through stories, you can reach different groups of listeners such as end
users, policy makers, energycompaniesetc. Itis an easy, intuitive, participatory and multi-
purpose method. Telling their story offers a voice to theindividual and can highlight best
practice examples from the user point of view. In recruitment and marketing, storytelling is
commonlyused, as peopletendto betterrelate to storiestold bytheir peers than to tech-
nical orfactual information. Personalstories fromstaff members on the other hand give a
face to a project orcompanythat consumers can relate to. Last but not least, telling stories
is a funandintuitive wayto engage people. Stories canbe used as asource of (additional)
gualitative information and method ofoutreach fora project, both when told by members
of the project staff and the participants.

More information on the concrete adaptation of story-tellingapproaches can be found in
the guideline on story telling via www.smargrid-engagement-toolkit.eu.

Monetary and non-monetary incentives

Anotherwayto motivate anindividual to consume stored energy via battery storage sys-
tems canbe done withthe help of monetaryand non-monetaryincentives. Common mone-
taryincentivesthat are at disposal can be divided into three categories as followed:

e Cash awards
* Electricity bills (bonus, malus or discount)

* Gifts (merchandise, energy equipment, etc.)
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Cash awards serve several purposes and canbe offered innearlyall phases of a process or
productcycle, butdonotofferhighmemorable effects nordo they have highly ranked tro-
phyvalues forthe customer. Regardingthe acceptance of batterystorage systems, the sup-
ply of grid services by customers can be rewarded with cash awards.

Non-monetaryincentives buildingon the psychological insights that everydaydecisions are
often made onthe basis of people wanting to dothe right thing (whetherthat be sticking to
low price periods, sellinggrid services orto environmentally friendly periods). Infact, social
comparisons, goal settingand other options canbe used throughouta project or rollout to
induce the intended behaviour. Commonly used non-monetaryincentives are either infor-
mation appealing to gather attention, appealto social norms or educate the consumerin
general. In general, non-monetaryincentives appealto intrinsic motivations like a positive
self-image, sense of achievement, social competition, social integration or havingfun. Those
motivations can be triggered to raise the acceptance of new technologies as well.

Tolearn more about the different types of incentives please have a look on the S3C-
Guidelineonmonetary and non-monetaryincentives via www.smargrid-engagement-
toolkit.eu.

Rewards and penalties

As statedinthe S3Cguideline fora Bonus/ Malus system, habits don’t naturally come to
people. This especiallyaccounts for energy consumption whichin oursociety mostlyis taken
forgrantedanundertaken with different goals in mind, forinstance usinghot water, simply
switching onthe light or make use of various energy driven devices. Principally, battery stor-
age systems helpto decrease peakload by providing energystored inthe batteries. And still,
encouragingindividuals to change their behaviourto use energyat other times of the day,
forwhich theycouldinvestinbatterystorage systems orbe a customer ofa smart grid, can

be done byapplying penalties and rewards.

Thosesocalled Bonus/ Malus systems are already common means to change peoples’ habits
in manydifferentareas. At universities, forexamples,such systems are usedto prevent stu-
dentsto fail toomanyexams duringtheir studies, whilstin several countries bonus/ malus
systems are applied invehicle liability insurance systems. Depending on howmuch damage
has beencausedor prevented within a set observation period, theinsurancerateincreases
(malus)ordecreases (bonus) respectively. Concerning electricty, financial motivation, in-
cluding different tariffs with dynamic pricing, is the most common tool to influence the indi-
vidual’s habits. Applied on batterystorage systems, end user receives financial boni for s hift-
ing electricity consumption to off peak load periods. On the other hand, a malus is given,
when energyis consumed in peak load periods.
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According to the evaluations within S3C, the advantages of this proposed system not only
fosters efficient energy consumption butalsoinforms customers,and possibly consumers,
aboutvariations of energy production. Furthermore, greater energy prices (malus) are likely
toincrease thelearningeffect of customers and consumers more thaniftheycorrelate with
market energy prices. An ideal example for this system is the e Telligence pilot project which
concludedin2013 andwas funded bythe German Federal Ministry of Economics and Tech-
nologyandthe German Federal Ministryforthe Environment, Nature Conservation and Nu-
clearSafety. WithineTelligence, so called “event tariffs” have been applied onto energy
prices perkWhdepending on external events, e.g. the weather. Prices for the different time
intervals (events)were pre-announced atleasta dayinadvance via different ITcommunica-
tion channels(web portal, smartphone/tabletapp). Allin all, the project showed that peo-
ple stronglyreactedto bonus and also malus- events as, forexample, a decrease in con-
sumptionofupto 20% for periods of malus- events and an increase of up to 30 % for peri-
ods of bonus-events could be observed. Alongside this, project marketing proved to be high-
lysuccessful forthe people’s behaviouras on top of them participating, people engaged in

organisingjoint activities(bonus/ malus events) with high orlow energy consumption.

More information on the bonus and malus systems canbe found inthe accordingS3Cguide-
line via www.smargrid-engagement-toolkit.eu.

6.1.2 Development of the electricity prices
Responsible Partner: B.A.U.M. Consult

First,itisimportantto understand what is meant respectivelywhatarethedifferences be-
tween energyprices and costs. Forall European citizens the energybillis partlydriven by the
guantityof energytheyconsume. Therefore, the use of more energy effident products, pro-
cesses orotherenergysavinggoods canreduce the energycosts. The energy price that con-
sumers payforelectricityis influenced byvarious factors (market forces and government
policy). (European Commission, 2014)

One aspectisthe wholesale price. This price reflects the costs incurred by companies in de-
livering energyto the grid. Itincludesthe costs for fuel, generation, transport and operation
and decommissioning of power plants. Anotheraspectis the end consumer price. Normally,
itcovers the costs forsale of electricityto the end consumer. The third aspect are grid costs.
This costs reflect transmissionand distribution infrastructure costs related to the mainte-
nance andexpansion ofgrids, system servicesand gridlosses. Furthermore, taxes, levies or
exemptions are added to the other costs /prices. Taxes can be part of regulartaxation, e. g.
VAT, or spedfic levies to support renewable energies or climate policies. (European
Commission, 2014) Figure 74 summarize the different elements of theend consumer elec-

tricity price.
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Figure 74: Elements of consumer prices, Source: (European Commission, 2014)

The pricing for electricity take place onregional and more often onnational orsub national
level. Thisaffects the costs and prices for end consumers and canundermine the single mar-
ket. Figure 75 shows the electricity prices for mediumsize households forthe ELSA-countries
Germany, Spain, France, Italy and United Kingdom.
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Figure 75: Electricity prices for medium size households in Europe 2008 - 2015; Source: (Eurostat, 2016)

Furthermore, Figure 75 shows the average of the electricity prices of the EU 28. The trend
lineillustratesthe constant rise of the electricity prices withinthe European Unionbetween
2008 and 2015 (for EU 28).

Figure 75andTable 17 underline thatin Germany has the highest electricdty price with about
0.30 €/kWh andFrance has the lowest electricity price with about 0.16 €/kWh in 2015.
However, if we have a closer lookatthe difference between the electricity price between
2008 and 2015, the electricity priceinSpainincreased the most by 69 % from 0.14 €/kWh in
2008 up to 0.23 €/kWh in 2015. The weakestincrease has Italy with only 21 %.

Country Electricity prices in €/kWh Trend Increase in %
2008 2015

EU (28 countries)

Germany

Spain

France

Italy

United Kingdom
Table 17: Development electricity prices medium size households 2008/2015, Source: (Eurostat, 2016)
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In contrastto end consumer prices, wholesale prices for electricity decreased by 35 % to
45 % between 2008 and 2012 as major European wholesale electricity benchmarks show. In
the same period the electricity prices for private consumers have risen inthe average about
4 % everyyear.The retail price forindustryhasrisen about 3.5 % in the same timeframe.

(European Commission, 2014)
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Figure 76: Electricity price evolution by component 2008-2012, Source: (European Commission, 2014)

Figure 76illustrates the development of the three main parts of the electricity price (see
Figure 74). The relative share of the partenergyandsupplyhas generally diminished over
the lastyears. Basedontheillustration of Figure 76, the relative share of taxes and levies
increasesthe most. The costs forthe grid rises about 18.5 % for private households and for
industrial consumerabout 30 %. The taxes andlevies risen about 36 % for private house-

holds and about 127 % for companies, without exemptions.

Reasons for the increase of the relative share of the energy and supply costs

As illustratedin Figure 76, the costs for energy are generally the largest. As mentioned
above, the wholesale pricesdeclinedthe last years. The EU energy policies couldbe a possi-
ble cause forthis process: theincreaseof the competitionfollowing market coupling, the
unbundlingrules (division of generation and transmission), thefallin EU emission trading
scheme (ETS) carbon prices and the extension of generation ca pacities with low operating
costs, e. g.wind orsolar generation.

However, the decrease ofthe wholesale prices is notreflectedin the end consumer prices,
even thoughthisisthe partof theenergybill where energy suppliers shout competes with
each other. Theresultis a weak price competitionina number of retail markets. (European

Commission, 2014)
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“The combination of weak demand and wholesale power price dynamics (stable or falling
when hydrocarbon prices were on therise) hasput pressure on conventional generation
assets. Inmanycases boththe profit margins fromthe generation business and company
share prices were affected negatively, and access to finance has been more difficult.

As a rule, EU utilities needto adapt to this newbusiness environmentand have done so by
focusing more ondownstreamservices, induding decentralized generationand energy effi-
ciencyand bygraduallydivestingtheir conventional power generation assets.” (European
Commission, 2014)

Reasons for the increase of the relative share of the taxes and levies costs

Itis important to differentiate between generalenergytaxes and levies. In comparison to
the taxes the levies increased significantlyin most Member States of the EU. Taxes and lev-
ies overtaken the share of grid costs andare now the largest part of the end consumer elec-
tricitypriceinfew European countries. Inmost European Member States energy and cli-
mate-policy measures, e. g. supportingenergy efficiency orrenewableenergies, are financed
via taxes andlevies. The share of renewable energy taxes andleviesrange fromless than1 %

in Sweden up to 15.5% in Spain and 16 % in Germany. (European Commission, 2014)

Nationallevies cause differencesbetween national markets. Government interventions in
the energysector must be as cost effective as possible to minimize such distortions. The EU
regulationframeworkdoesnot provide rulesfora fullyharmonized market. Therefore, EU
Member States can modify their national taxes and levies individually. Furthermore, taxes
and levies are used differentlyin the Member States, e g. for healthand education but also
forinternalisingthe external costs for energy production and energy specific policies.
(European Commission, 2014)

Reasons for the increase of the relative share of the network/grid costs

The share oftransmission and distribution costs varygreatlyinthe EU Member States. The
reasons behind that varietyare complexand have different reasons. Figure 77 illustrates the

relative share of estimated costs and charges for transmission and distribution across the
Member States.
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Figure 77: Estimated costs and charges at transmission and distribution level: relative share; Source: (European
Commission, 2014)

Since 2008, the electricity grid costs forindustrial consumerincreased about 30 % and for
private households about 18.5 %. “The sustainedincreasein network costs, inparticular for
households, is not unexpected inthe context of energysectortransformation, but could be
mitigated through better network governance.” (European Commission, 2014)

With a pricerange from0,02 €/kWh to 0,07 €/kWh, the significant influence of thiscosts on
the energy price is obvious. This leads to differentials across the Me mber States and trading
partners. “Such differentials are also partly driven by widely differingnational practices re-
garding networktariff regulation and cost allocation practices, as wellas byphysical differ-
encesin the networks andthe efficiency of their operations.” (European Commission, 2014)

Future development of the electricity prices

Withinthe Energy Roadmap 2050%% of the European Commission the future development of
the electricity prices waselaborated. Theroadmap includes different scenarios how the
overall goalreducing the greenhouse gas emission by 80-95 % can be reached. All scenarios
have shownthatelectricitywillplaya keyroleinthe decarbonisation oftransportand heat-
ing/cooling. However, the electricdtydemandincreases even in the high energy efficiency
scenario. (European Commission, 2011)

22 The EU has set itself a long-term goal of reducing greenhouse gas emissions by 80-95% when compared to
1990 levels by 2050. The Energy Roadmap 2050 explores the transition of the energy system in ways that
would be compatible with this greenhouse gas reductions target while also increasing competitiveness and
security of supply. (European Commission, 2016)
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Mostassessed scenarios of the Energy Roadmap concluded that die price forelectricity will
increase until 2030, but fall thereafter. The largest share ofthe electricity price increase take
placein thereference scenario. Iltbasedonthereplacementof old, already fully written-off
generationcapacityinthe next 20years. In the scenario “high share of renewable energy
generation” whichimplies a 97 % share ofrenewable sources in electricity consumption (not
generation), the calculated electricity prices continue to rise, based on high capital costs and

assumptions about high needs for balancing capacity. (European Commission, 2011)

“Forexample, RES power generation capacityin 2050 would be more thantwice as high as
today's total power generation capacity from all sources. However, substantial RESpenetra-
tion doesnot necessarilymean high electridty prices. The High Energy Efficiency scenario
and also the Diversified Supply Technology scenario have the lowest electricity prices and
provide 60-65 % of electricity consumption from RES, up from only 20 % at present”.
(European Commission, 2011)
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6.1.3 Development of the costs for storage systems
Responsible Partner: B.A.U.M. Consult

To assessthe development of the costs forstorage systems, itis important to know that
mostinformationabout storage systems, especially batterystorage systems, based on the
automotive sector. The assessments of the costs orthe development of the costs varying but
allanalysis and studies conclude that the costs for batterystorage cellsand systems wil | de-
creaseinhighnoticeable way. The reduction of the costs willbeabout 50 % in 5 years and
30%in 10years. (VDE, 2015) However, there exist no common view or reference for sta-
tionary batterystorage systems. Therefore, different analysis willbe explained in more de-
tail. Afterthe ELSA-storage systemis a lithium-ion based system, the following statements
focus on the development of the costs for lithium-ion battery storage systems.

The Boston Consulting Group assumed inthe study “Batteries for Electric Cars —Challenges,
Opportunities, and the Outlook to 2020” that the current cost of an automotive lithium-ion
batterypack, as sold to original equipment manufacturers (OEMs), at between 1,000-1,200 S
perkWh. For consumer batteries, the current costs calculated about 250-400 S per kWh. The
reasonforthesignificant price differentialis that “consumer batteries are simpler than au-
tomotive batteries and must meetlessdemanding requirements, espedially regardingsafety
and lifespan”. (Dinger, etal., 2010) Figure 78 shows the different parts of the battery cost

structure.
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Figure 78: Battery cost OEMs about $ 1,100 per kWh at low volumes; Source: (Dinger, et al., 2010)
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Basedon the assumptions ofthe mentioned study, the price that OEMs pay for lithium-ion
batteries will decrease around 60 % in 2020. Figure 79 shows the results of the calculations.
The cost perkWh of a lithium-ion cell will decrease from 650-790 $ town to 270-330 $ and
the costperkWhof a 15-kWh lithium-ion battery pack will decrease from 990-1,220 $ down
to 360-440 S. (Dinger, et al., 2010)
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Figure 79: Decline of the battery costs from 2009 to 2020; Source: (Dinger, et al., 2010)

As well as the studyof the Boston Consulting Groupthe German VDE estimate the costs for
storage systems. Withinthe studythe results based on the multiannual analysis of the ISEA
institute of the ELSA partner RWTH Aachen.

The specific capacity costs for lithium-ion cells decreased inthe | ast five years. The reasons
forthatare agrowthin the production capacities for cells in Asia. At the moment the cell-
marketis dominated bya predatorycompetitionand cell-producers sell their product to

industrial customers on orless thanthe production costs. Table 18 listthe estimated costs
for lithium-ion cells for different systems until the year 2025. (VDE, 2015)

Cost categories

Lithium-ion-cells 190-380 €/kWh 150-210 €/kWh | 110-180 €/kWh
Lithium-ion-system vehicles 300-500 €/kWh 210-330 €/kWh | 140-220 €/kWh
Lithium-ion-system MW-scale 450-600 €/kWh 280-420 €/kWh | 150-250 €/kWh

Lithium-ion-system PV-storage 750-1,250 €/kWh | 430-680 €/kWh | 250-500 €/kWh

Table 18: Development of the prices for lithium-ion-cells and different lithium-ion-systems 2015-2025, Source: (VDE,
2015)
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WithinFigure 80the figures ofTable 18 areillustrated gra phicallyforlithium-ion cells and
different lithium-ion systems.
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Figure 80: Development of the prices for lithium-ion cells and different lithium-ion systems; Source (VDE, 2015)

As writtenatthe beginningof this chapter, the specialized literature and studies mostly as-
sume the costs for batterysystems inthe automotive sector. However, separate studies for
stationarybatterystorage systems are not necessary because cellsforthe automotive sector
can be usedforstationaryapplications. The technical requirements, such as mechanical
strength are less restrictive for stationaryapplications. Therefore, cell of the automotive
sectorcanbe usedforstationaryapplications without problems. Due to the high volume of
productionin the automotive sectorthe costs for cellswill decrease overthe nextyears. The
development of the market-prices since 2013 confirm the assumed decreasing trend in
costs. However, the study concludesthat due to the smaller quantityin productionthe pric-
es for PV-storage systems will be permanently higher that the specific prices (see Table 18)
for batteries in the automotive sector. (VDE, 2015)

According to Swedish researchers, the prices for batterystorage systems have decreased
about6-9%inthe past. Atthe end 2014, the marketleaders are able to sell one kWh-
capacityfor271€(300US-S).In 2018 the costcouldreach a level around 208 €/kWh and
135 €/kWh in 2025. (Nykvist, et al., 2015)In comparison to the other studies the results as-
sume lesscosts forone kWh. However, there is a great uncertaintyin this research field. The
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researcher considered 80 assessments for battery costs between 2007 and 2014. The i mpact
of this price-development for stationarybattery storage systems is not clear. At the mo-

ment, the share of the costs for the batterybe a third ofthe hole costs of the battery storage
system.

The restofthe costs are for power electronics, sales, R&D and costs for electronics. Parallel
to the otherstudiesitis assumedthatthe electronics costs will decrease the next years. Fi-

gure 81 sums up the results of the considered studies for the estimated costs.
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Figure 81: Cost of lithium-ion battery packs; Source: (Nykvist, et al., 2015)
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6.1.4 Efficiency level storage system
Responsible Partner: B.A.U.M. Consult

The efficiencylevel describes the ratiobetween usedandsuppliedenergyin a system. The
higherthe efficiencylevel, the lowerthe losses of energy. The system efficiency level in-
cludes the efficiencylevel of the batteryitself as well as the efficiency level of the charge
controllerand the inverter.

The efficiencylevel provides information about the charge loss ofthe battery. The main rea-
son forefficiencyloss of energystoragesis the internal resistance ofthe batterycells during
the charging and discharging process of the battery storage systems.

In general, a batterydischarges over time even if itis not used. Besidesthe charging efficien-
cy level this phenomenon reduces the efficiency level of the system of the battery storage.
The self-discharge is sensitive to temperature changes. The lower the ambienttemperature
less oftenthe batteryself-discharges. (Energie-Experten, 2016) Figure 82 illustrates the effi-
ciencylevel of different storage systems in 2012. Es pecially short-time storages as coils, ca-
pacitors, flywheels and lithium-ion batterieshave a high efficiencylevel. In comparison, hy-

drogen and compressed are storage have a lower efficiency rate.
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Figure 82: Efficiency level (in percent) of different energy storage systems 2012; Source: (Statista, 2016)
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Efficiency level of battery storage systems via AC- and DC-coupling

The integration of the battery storage system affects the overall efficdencylevel in a signifi-
cantway. Batterystorage systems canbe connectedvia AC- or DC-coupling. For example, if a
household with an PV-installation want to use a storage system to increase the quote of self-
consumption (see chapter 0) there are to options how the storage can be integrated and
connectedto the electricity network ofthe household. On the one hand, the energystorage
can be connectedto the AC-circuit of the household after the inverter of the PV-system (AC-
coupling). Basically, a solar-batteryis charged with direct current. Therefore, AC-coupled
systems have anadditional inverterto transferthe alternating current into direct current.
Fordischargingtheinvertertransferthe stored electricity from direct current tot alternating
current. This processreduces the efficiency of the storage system. Asa rule, lead batteries
onlyreach an efficiencylevel of about 70 %. (Leipziger Institut fir Energie GmbH, 2014)
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Figure 83: AC- and DC-coupling of an energy storage; Source: (Energie-Experten, 2016)

On the otherhand, the energystorage can be integrated and connected to the DC-circuit in
frontof the inverter ofthe PV-system (DC-coupling). DC-coupled systems do not need an
additional inverter because the storage system is charged directly with the ge nerated direct
current of the PV-system. Hereby, the efficiency level ofthe hole systems is higher. For ex-
ample, lithium-ion batteries reach an efficiency level of about 90-95 % (see Figure 82).
(Energie-Experten, 2016)

The German C.A.R.M.E.N. sodety(CentraleAgrar-Rohstoff Marketing- und Energie Netzwek
e.V.) listed over 220 battery storage systems from 46 s uppliers to provide a market overview
aboutexisting storage solutions for different applications (see chapter 5). The study contains
following different categories, e. g. type of cells, storage capacityin kWh, efficiencylevel, or
price forend customers. The studyaboutthe market overview for battery storage can be
download via www.carmen-ev.de.
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Influence of the efficiency level on the economic efficiency of the storage system

The different efficiencylevels(see Figure 82) andthe different ways to integrate storage
systems, affect the economic efficiency of storage systemsin a significant way. The basic
principalis as follows: the greater the share oflosses of electricityduring the charging pro-

cess, the higher the costs for the electricity storage. (Energie-Experten, 2016)

Regarding the efficiencylevel andthe fact thatthe ELSA-storage system uses lithium-ion
cells, three major cost effects should be considered foran economical assessment of a stor-
age system:

* Lithium-ionbatterieshave a higher efficiency level as lead-acid batteries,
buttheyare more expensive thanlead-acid batteries. Considering the
number of cycles, efficiency level and depth ofdischarge lithium-ion bat-

teries are more cost-effective with regard to the life cycle.

* DC-coupledsystems do not need anadditional batteryinverter which re-
duces the costs. However, if a DC-coupled systemis installed afterwards,
the inverter of the PV-system (if a system is installed) must be exchanged.

This lead to additional costs for the exchange-measures.

* The lowerefficiencylevel of AC-coupled systems can lead to additional
costs for buyingadditional electricity. This increases the operating costs.

6.1.5 Market and regulatory framework

6.15.1 Germany
Responsible Partner: B.A.U.M. Consult

In Germany, the mainregulations concerning the storage of electricity are specified in the
“Energiewirtschaftsgesetz” (EnWG) andthe “Erneuerbare-Energien-Gesetz” (EEG). However,
the existingregulations are nota comprehensive regulatory framework. Different interpreta-
tions cause legal uncertainties in the field of storage systems. Based onthese uncertainties,
legal experts characterise the existingframework as “fragmented”. The legislator bodies
recognizedthis problem andthe frameworkwill be expanded and refined within the next
years.Inthe following, an introductory overview of the existing legalframework for energy
storage systemsis given. Furthermore, current obstacles withinthe German energy market
will be addressed.

With respectto the applied ELSA storage system, three types of electricityuse are relevant
forGermany—self-consumption, direct marketing of electricity and feed-in premium.
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Self-consumption

The EEG definesself-consumption as the consumption of electricity bya natural orlegal per-
son whoisdirectlylinked to the generation unitin physical proximity. Furthermore, no pub-
licelectricitygridis usedforthe transmission and the person must be the ownerofthe pow-
erunit(EEG, 2014). However, there are exceptions, for example | easing. To avoid a legaldis-
pute, all relevant details should be required in a written contract.

Since 2014, the owner ofnew installed power units usingself-consumption must paypartial
the so-called EEG-apportionment®. Based on different criteria, the percentage share of the
EEG-apportionment varied. Forfurtherinformation, please have a lookatthe § 61 Abs. 1S.1
EEG 2014.

A spedalfactorincase ofself-consumptionis thevalue added tax (VAT)-treatment of the
self-consumed electricity. Thisis onlyrelevant for entrepreneurs. Although the electricity is
self-generated, VAT must be paid for the self-consumed electricity. Thisis a particularcase in
the German VAT-law (§ 3 Abs 1b S. 1 Nr. 1 UStG). If anoperator of the self-consumed elec-
tricityis onlya small-scale entrepreneur, no VAT must be paid forthe self-consumed elec-

tricity.

Direct marketing of electricity

The EEG definesdirect marketing of electricity as the disposal of electricityfrom renewable
energiesorfiredampto third parties. The direct marketing can be divided in two categories —
direct marketing with market premiumand direct marketing without market premium (EEG,
2014). The firstvariantis the preferred optionincase of direct marketing of electricityin
Germany, at the moment.

Renewable energyplant operators canclaimthe market premiumiftheysell the generated
electricitydirectlyand permitthe DSO to branditas “current from renewable energies re-
sources”. Furthermore, the regular network tariffs must be paidand the plant needs a re-
mote control feature. Inaddition, the electricitymust be recorded in an accounting grid or
sub-accounting grid to claim the market premium (EEG, 2014). Further information about
the market premiumandits calculationcanbe found in EEG 2014 Anlage 1. In contrast to
self-consumption, direct marketing of electricityis notliable for VAT.

2 The EEG-apportionment is the difference between the costs for promoting renewable energies and the reve-
nue of the produced and sold power from renewable energies. This difference is allocated to the end-
consumer of electricity.
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Feed-in premium

Basedon the EEG 2014, two forms of feed-in pre mium are available — feed-in premium for
small-scaled plants and feed-in premiumforexceptions. § 37 EEG regulates the feed-in pre-
mium for small-scaled plants. The operators of small-scaled plants can claim the feed-in
premium fromthe DSO if the respective plant putintooperationbefore the 1st of January
2016 and theinstalled powerislessthan 500 kW. Moreover, an operator canclaim the feed-
in premiumfrom the DSOif the respective plant putinto operation afterthe31stofDecem-
ber 2015 and the installed poweris not higherthan 100 kW. (EEG, 2014)

Small-scaled plant operators can claimthe feed-in premium, eventhe generated electricity
was storedtemporarilyina battery storage system (Trockel, et al., 2014). However, the
small-scaled plant operators don’t get anadditional fee forthe temporarilystored electrici-
ty. Therefore, the incentive for temporarily storing is very low.

Grid connection and grid access for energy storage system

Operating batterystorage systems, itis necessarythatthese systems are able to purchase
and to feed-in electricity from andintothe grid. It must be distinguished between the grid
connectionand gridaccess. Grid connectionis the physical connection between aplant and
the grid. Gridaccessenables the connectionto usethegrid. Based on the grid access, an
operatorofa plantcanclaimthe grid connection. According to § 20 EnWG, grid operators
must grantdirectaccessto the grid. Thisalsoapplies for batterystorage systems. Grid oper-
ators canrefusethe grid connectionand grid access for batterystorage systems. In case of
bottlenecks, if the grid operator denied the grid connection and -access, § 11 EnWG must be
observed. If a grid operator denied the access and connection regarding bottlenecks, the

grid operatoris obligated for grid expansion. (VDE, 2015)

Accordingto § 8EEG, the owner of a batterystorage systemcan claim the right of priority
grid connection, ifthe systemonlystores(temporary) energy from renewable energy re-
sources. Priority grid connection means that this storage systemmustbe connected firstly.
Then, otherassets canbe connected with the grid. If a grid operator denied the grid connec-
tion regarding bottlenecks, the grid operatoris obligated for grid expansion (§ 8 Abs. 4 EEG)
(VDE, 2015).

Legal affiliation of the energy storage

Basedon §5Nr.1clause 2 EEG 2014, a plantis a device for generating or temporarily stor-
ing energyfrom renewable energyresources. Simultaneously to the EEG 2014, an energy

storage system is describedas a plantinthe EnWG, too. Forthatreason, theregulations of §
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49 EnWG mustbe observed. In Germany, the technical regulations of the association for
electrical, electronic & information technologies (VDE) are mandatory. This framework ex-
plains thetechnicalconnectionrules forplantsinrelationto grid technique and grid opera-
tion.Inaddition, the federal network agency canissue additional rules (Werner, etal., 2015).

Energystorage systems canbeseenas endconsumers accordingto § 3Nr.25 EnWGand § 5
Nr. 24 EEG 2014, if the systems store energyfromthe public grid. For this definition end
consumers are all naturalorlegalpersonbuying electricity for their own consumption. A
judgement from 2009 of the federal supreme court (BGH) s upports thisviewpoint. Operator
of a pumped-storage power plant are end consumers within the meaning of § 3 Nr. 25
EnWG, because the pumped-storage power plant takeselectricityforits operation from the
publicgrid (BGHjudgementfrom17.11.2009, EnVR 56/08). As anend consumer, the opera-
tor/userof the storage systemmust payall charges for grid usage, for example EEG-fee,
concession fees or network charges. (Werner, et al., 2015)

Financial burden of the energy storage

As written before, the ELSA energy storage system canbe seen asanend consumer. There-
fore, the following re marks refer to the energy storage system asanendconsumer with all
financial burden. Based on the end consumer characteristic, the following costs, fees and
charges must be paid foranenergystorage system, ifitis connectedto the public grid and
purchase electricity from the public grid:

* Grid use fee

* Electricity tax (StromStG)

e EEG-apportionment

* Concession fee

* CHP(combined heatand power)-apportionment

* § 19 clauses 2-StromNEV-apportionment (electricity gridaccess charges)
* Offshore-liability-apportionment

e §18-AblaV-apportionment (regulation on switched loads)
In addition, the VAT and the common electricity price must be paid in case of electricity pur-

chase.The named costs must be paidif the systemis onlyconnected to the public grid. Deci-
sive is purchase of electricity from the public grid.
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Nevertheless, there are specialregulations for new storage systems withinthe German re gu-
latoryframework. New installed storage systems putintoservice are freed of grid use fees
for20 years. Thisis onlyapplicable forthe procurement of electricity (§ 118 Abs. 6 EnWG)
and if the following conditions are met (Bourwieg, 2015):

e the storage system was installed after the 31* of December 2008

* the storagesystem wasputintoservice between the 4" of August 2011
and the 3" of August 2026 (= 15 years)

* take up ofthestoredelectricityfrom atransmission or distribution grid

* real electrical, chemical, mechanical or physical storage

* time lag feedback/feed-in into the same grid

Furthermore, according to the regulations of § 57 Abs. 3 EEG, storage systems can be per-

manently freed from the EEG-apportionment if

* the storage system takesthe electricityfrom the publicgrid or uses self-
generated electricity forits operation,

* thestoring of energyis electrical, chemical, mechanical or physical,
* the stored electricity will be exclusivelyfed back in the publicgrid,
* the stored electricity will be used for production of stored gas.

Besides these regulations, electricitytaken fromthe public gird whichis used for generation
has to be exempted fromthe electricitytaxto avoid double taxation (§ 9 Abs. 1 Nr. 2 Strom-
StG). However,inaccordance to §12 Abs. 1 Nr.2 StromStV, this exemptionis permitted only
for pump water storage systems. Battery storage systems are not mentioned. (Bourwieg,
2015)

Withinthiscontext, the hierarchy of the different laws mustbe observed. The StromStG is
on a higherlevel than the StromStV. Therefore,it could be possible thatalso other storage
systems, besides pump water storage systems, could benefit from this exemption.

Current obstacles within the respective energy market

The existingregulations are not a comprehensive regulatory framework. Different interpre-
tations cause legal uncertainties in the field of storage systems. Furthermore, battery stor-
age systems needa definition regulated by law. At the moment, battery storage systems are
plantsandendconsumers. Thisdefinition limits the economic operation of battery storage
systems.
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From a legal point of view grid operators cannot operate storage systems, because the un-
bundling rulesmust be observed. Grid operators canonlybe “consumers” of storage capaci-
ties. According to § 6 EnNWG, grid operators are notallowed to run or operate battery stor-
age systems. Thereis onlyone exemption, ifthe battery storage systems will be used as
back-uppowerforthe grid. If athird partyisthe operatorof the storage system, it can par-
ticipateintheregularenergy markets. Onlygrid operators are forbiddento operate storage
systems, because of the unbundling rules. This means, if the grid operatoris the owner of
the storage system, this system cannot participate in the regular energy markets.

With a view to the Europeanenergyunionandthe Europeaninternal market, storage sys-
tems in Germany have a competitive disadvantage comparing to storage systemsinthe oth-
er European memberstates. The chargesforend consumers and several fees for energy
storage systems leads to disadvantages for storages systems in Germany.

The investment costs for energy storage systems are atleast higher than investment costs
for conventional gas-turbinesand gas turbinescan provide a lot of the same system services.
Withinthiscontextthereare norealincentives forinvestors, basedonthelegal uncertain-

ties in the field of energy storage systems.

Furthermore, there are technical and technological obstacles, such as the capacity and the
guote aufefficiency. At this point further research and development effortis needed.

6.15.2 France
Responsible Partner: Nissan Europe

The electricdtymarket in France is subject to the control of the CRE (Energy Regulatory
Commission). CREisaFrenchindependent administrative authority, established on 24
March 2000 (Comission de Régulationd'Energie, 2016) and responsible for ensuring the
properfunctioningof the energy market andto arbitrate disputes between customers and
various operators, alsothe neutralityand the proper functioning ofelectricity grid, with the
ability to take sanctions againstrecalcitrant operators.

There arealsolocal regulators, all the municipalorregional authorities as concessionary,
have a legalregard on the distributor's activitiesthat must submit theirannual report, par-
ticularlywiththe National Federation of the localauthoritiesand concessionaries comprising
nearly500|ocal authorities who organize public services, includingenergy, water and envi-
ronment.

Since the electricityis consideredin France as basic necessity, the main concern of the
French government stillfocuses onthe security of electricitysupplyandthe accessibility of
electricity. Thus the electricity tariff, the obligation de purchasing PV electricity, and the

electricitymarket are still highlyregulated in France. This regulatoryframework seems un-
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helpful and hinderingto the development andimplementation of ELSA services offer on the
French market. Inconcrete terms, these regulatory barriers canbe summarizedintoseveral

following points:

* Flattariff ofelectricity disadvantageous for economicala pplication of ELSA

service;

* High price of purchasing electricity generated by PV hindering its self-

consumption;
* Certification of building energy efficiency regardless of ESS;

* Aggregationlimitedto Electricity consumption curtailment with minimal
capacity requirement.

In respectto the applied ELSA storage system, three types of electricityuse are relevant for

France —self-consumption, direct marketing of electricity and feed-in premium.

Self-consumption

Self-consumption isthe partofproduction plant consumedinthe building where itis stor-
age.ForENEDIS(ENEDIS), a customeris ontotal self-consumption mode when the storage
systemis not connected withthe gridbya meter. Inothers words, allthe energy producedis
injectedto the grid. Some consumers onthe partial self-consumption mode can maybe con-
nected to the gridbya meterifthe production/consumptionare made in different periods
of the day.

The solutions of storage of energy divide into four main categories:

* The potential mechanical energy (hydroelectric dam, Station of Transfer of
EnergybyPumping (STEP), STEP in maritime fascia, storage of energy by
compressed air (CAES);

* The kinetic mechanical energy (flywheels);
* The electrochemicalenergy (piles, batteries, compensators, vector hydro-
genates);

* The heatenergy(latent orsensitive heat).

With the current rates of purchase, higherthanthe selling price of the electricity retail, it
remains more profitable financially to sell the totality of productionandto buythe totality of
the electricity which we consume. Find aneconomicoptimuminits consumption of energy
byintegrating the storageinthe heart of its activityand ofits processesmotive the genera-
tion of theincomes ofdisappearance thanks to the current devices and anticipate the instal-
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lation of the contract of capacities. So, help to reassure its supplyin energy and to make sure

of the quality of power feed forits installations.

Direct marketing of electricity

The imbalance between offer/demand of electricity are translated on main part markets by
price differentials between the rush hours andthe flat periods. The storage ofenergyallows
a producerto benefitfromanearningin flexibility grace intowhich he can choose to inject
on the networkthe electricitywhen hispriceisraised, orto take awayit when its price is
lower. Itisthe mainwayofvaluation of the storage of energy today. The uncertainties
raised onthe changesof the marketthe electricityimpactingnegatively the decisions of in-

vestment resting on the valuation of this service.

Feed-in purchase agreement characteristics

The Frenchmarket hasanapplicationfor purchase agreement with EDF (includedinthe grid
connectionapplication). So EDF attachment agreement to balance perimeter or other bal-
ance responsible entities. The date of application for grid connection determines PV feed-in
tariff and a 20-year contract term. (SK & Partner, 2015)

A new framework, guidelines N. 2014/C200/01 have been publishedinthe Official Journal
ofthe EU onJune, 2014 relating to state aid for electricity from renewable energy sources.

Some decisions below:
* Feed-in premium mechanism from January 1, 2016;

* Grantofa premiuminadditionto market price appliesto plants with in-
stalled power capacity greater than 500 kW;

* Standardbalancingresponsibilitiesshallapplyto the beneficiary of such
premium;

* Competitive bidding procedure from January 1, 2017 for plants with in-
stalled power capacity greater than 1 MW;

* Procedure basedon clear, transparent and non-discriminatory criteria;

* Failureof bidding procedure, the above-described feed-in premium
scheme shall apply.

Feed-in premium scheme

EDF will have to enterinto an “additionalremuneration” agreement upon re quest of re new-
ableenergyproducers (as listedunderarticle L.314-1 of the Code de L‘Energie and to be
furtherdefined by decree). Such agreements with EDF are administrative contracts and plant
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benefitting fromadditional remuneration might be subjectto aninspection upon commis-

sioning or periodical inspections (conditions to be detailed by decree).

Also,thenewrules willapplyfornew plants only (in specificcases to be defined by decree
plants benefittingfrom a feed-in tariffpurchase agreement with EDF will be entitled to
switchto the new feed-in premium scheme). And existing power purchaseagreements with
EDF shall remain in force.

The “additional remuneration” might be partiallyorentirelysuspended in the eventit no
longer fits targets of the “Programmation Pluriannuelle de L'énergie”. However, the draft
law explicitly providesthat agreements inforce (contrats en cours)shallremain in place. The
draftlaw sets forth criteriato be taken into account forthe calculation of the “addition-al
remuneration” to be further detailed by decree (décret) and specific orders (arrétés) for
each renewable sector.

Grid connection and grid access for Energy Storage System

In France, like at European and international levels, thereare notanylegislative or norma-

tive initiative on the installation of Energy Storage Systems (ESS).

However, the Frenchlaw is well attached to the electrical installation safetyandthe protec-
tion of persons through several government orders to strengthen audit, inspection and certi-
fication ofregulatoryand normative compliance and of these electrical facilities. All ELSA
services systems in France, as an electrical installation, must comply with these regulatory

framework and compulsory normative reference NF C15-100.

The annexes of government order of 26 December 2011 have particularly well detailed
(INRS, 2011):

* the method and the scope ofaudits of electrical installations, covering
both the calculation notes, schemasand diagrams, technical documenta-
tion, technial prescription, examination on site, work equipment, the
measurement of continuity of the earthingand LVisolation, tests on the
mechanicalandelectricalfunction of residual current protection devices in
LV;

* the contentofinitial and periodic audit re ports and definition of trace abil-
ity elements, including generalinformation of the establishment, the main
characteristics of the checked electrical installation, operations of verifica-
tion, the summary of non-conformities, examination in function of regula-
tory provisions, results of measurements and tests.
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The Frenchstandard NF C15-100 (French Energy Code, 2015) also provides devices for the

installation and commissioning of low voltage electrical installations, particularly,

* the qualification oftechnicianandthe qualityand conformity of electrical
materials;

* the obligationof verificationandtesting ofelectrical installations prior to
its commissioning and anysignificant changes.

Financial burden of Energy Storage

In the model of self-consumption, the need of direct subsidyofaninstallation by the CSPE
(Contribution to Publics Services) will seem lesser thanif it wasin obligation of purchase: the
costofthe installation stays the samein bothcases but in the case of the model of auto-
consumption/auto-production, the direct subsidy compensates forthe distance between
the normalized productionis and the selling price TTC of the electricity, whilein the case of
the model of the obligation of purchase, the subsidy compensates forthe distance between

the normalized production cost and the price of the electricity on big market.

This reduction must be nevertheless put on the opposite page with the transfers of respon-
sibilitiesled besides onthe other consumers. Indeed, the savings realized by the auto-
consumer hisinvoice, notablyin terms of coverage ofthe costs ofnetwork and taxes must
be recovered with the other consumers andthe taxpayers. The amount of the public support
necessaryforthe coverage of the costs of the installationis thus similarinboth models:itis
assuredbythe CSPEin the case of the obligation of purchase and corresponds to the sum of
the direct subsidy perceived by the auto-consumer (financed by the CSPE echoedto the con-
sumers) and transfers responsibilities caused (CSPE, TCFE, VAT and avoided TURPE who must
be collected with the consumersand the taxpayers) in the model of auto-consumption

(Anforderungen).
Current obstacles within the respective energy market

Technologyandeconomicbarriers can be reduced by supporting research, forexample by
fundingprograms. However, a breakthroughinthisareais not automatically guaranteed
becauseitis hard to predict. Market & regulation barriers are more predictable as theyare
the result of policy designandimplementation. Social acceptance barriers depend mainlyon
the partiesinvolved and are hard to influence from the outside. Education strategies and
demonstration projects seek to address them.

As a regulationissue, it needs a harmonization of European Energy Policy (Directorate
General for Internal Policies, 2015). Inothers words, European countries have difficulties to
find acommon position concerningthe future energy mix which has a negative effect on
investment planning.
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In the market sector, a single service may be insufficient foran economical use: comprehen-
siblebusiness modelsare needed. Besides, anappropriate market signalsand schemes for
storage are missing. So, utilities areriskaverseandneed planning security. Market pricing
systems oftendonot enable time-of-use tariffs and do not accommodate forvariation over
time of production costs. Furthermore, operation concepts for storage are manifold, so the
establishment of general regulations is challenging.

6.15.3 ltaly
Responsible Partner: Engineering

General types of electricity use (for example if applicable self-consumption, di-
rect marketing of electricity, feed-in remuneration)

In ltaly, the exploitation of electricity storage is still in an early stage with limited possibilities
of usage. However, the countryisinvolvedina deep reformation of the market regulation

framework thatis plannedto switchinits operationalphaseatthe beginning of next year.

Original organizational model was based on a vertical monopoly controlled by Enel S.p.A.
acting asleaderanddominant operator. The overall transitionis articulated in three main
phasedstartingwith a decree dated March 16th 1999, n. 79 (named Bersani decree); it es-
tablishedthe publicservice principle in order to protect end customers and with the general
goalto create favourable conditions for the emergence of a competitive market. It was es-
tablished a uniqgue managerforthe nationalpower network, Terna S.p.a., for about 90 % of
the total national service. The following schema depicts the three phases and the corre-
spondences with EU market and environment.
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Figure 84: Italian market main regulation references, Source: (Virginia, 2014)
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At this stage, the storage of electricityin Italyappears substantially as a solution to boost
sustainable distributed generation in self-consumption, for both residential-commercial ac-
tivitiesandforindustrial sector. There are some pilot projects, essentially managed by big
TSOTerna, thatare experimentingstorage technologiesand modalities of network services
exploitation. The followingfigure provides an overview of the on-going situation with some

details on the dispatching market roadmap.
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Figure 85: Storage Systemin Italy - Situation and RoadMap; Source (Engineering, 2016)

Grid connection and grid access for energy storage

As of the end of November 2014 AEEGSI (Authority for Electricity, gas and water system)
issued twoimportant resolutions that forthe first time in our country determine the method
of connectionto the electricity grid inmedium and low voltage, the performance character-
isticsandthefields of application of electrochemicalstorage systems, also combined with

power generation plants from renewable sources.

With the publication of the said decisionit was finally created the concrete and actual condi-
tions for grid connection and access to energy. Both the publications took place in December
21, 2014; these are the latest variants of technical standards CEl 0-21 (for low voltage) and
CEl 0-16 (for medium voltage), to enable industry, users and operators of energyservices to
plantheirprojects andinvestmentsin the presence ofcertainrules. Amongthe various ap-
plications of storage systems to enable this new energyparadigm, one of the most promising
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is the development of systems aimed at maximizing the consumption ofself-produced ener-
gy from renewable energy plants in SEU regime (Of Utility Efficient System).

Legal affiliation of the energy storage

As the CEl 0-16 and 0-21 upgradeis still pending, and in order to define the technical re-
guirements to provide network services, the Resolution 574/2014/R/ eel disposed provi-
sions/regulations aimedto enable the management of storage systems connected to the
distribution network.

AEEGSI defined first provisions on the integration of electricity storage systems in the na-
tional electricity system, with particular reference to their mode of access and use of the
transmission network and distribution. With regardto the mode of access and use of the
publicnetwork, the fee forthe connectionis the same usedfor high efficiency cogeneration
plants. Withregardto the dispatch, this resolution provides for such systems to be treated
both asindividual productionfacilities and as generation units that make up a single produc-
tion facility.

In addition, it introduces the technicaldocument with the requirements for storage systems
contributing to the security of the national electricity system, similar to what already estab-
lished for distributed generation, definingthe network servicesrequired duringthe connec-
tion to the national network.

Financial burden of the energy storage

In general, forthe purposes of the rules, a storage systemis assimilatedto a production fa-
cilitypowered by non-renewable sources. However, until the completion of the regulation
rearrangementandasitis forthe installationand use of storage, theyare applyingthe same
procedural and economic conditions thanwe haveinthe case of high-efficiency cogenera-

tion plants.

Therefore, the connection ofa storage systemis managedas anyrequest forconnectionof a
production unit, and the applicant/useris required to pay:

* Afee to obtain the installation budget estimation

e Afee fortheconnection, calculated onthe basis of powerforthe purpose
of access, the distance to the nearest transformer substation and the dis-
tance to the nearest transformer station.

As forothertypes of production plants accumulation systems have the possibilityto choose
the mode of transfer electricity produced and fed into the network:

* Dedicated withdrawal (Ritiro dedicato): the price and economic conditions
are defined by the Authority referring to the market;
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* Netmetering (Scambio sul posto): considering net difference between
productionandconsumption via energy credits; Credits have a fixed expi-
ration timeframe and have to be consumed locally in the specific
timeframe. The user pays for the net difference.

Manydomesticusers are optingfortheinstallation of storage systems for self-consumption,
this isreducingthe costs fortransport and dispatch;incase ofisland modeitis avoiding to
connectto the national grid, sonot spend the general expenses of management of the sys-
tem, such as transportation and dispatching.

Marketing of system services for the grid

Underthenew legislation, itis determined the potential use of storage systems thatis to
participate in the dispatching market as production facilities.

Therefore, a storage system, may contribute to the flexibility of the electrical system partici-
pating atthe balancing market as independent units, with appropriate e nergy provision and
storage.

However, the legislationis notyet complete andthereis stillalackininformation on possi-

ble system services that will be provided.

In addition, currently, itis not possible to participate in the dispatching market with non-
programmable renewable sources, which are often associated with storage systems. On this

pointwe must waitforthe outcome of the dispatching market reform launched in June
2016.

Marketing of the stored energy

A partthe contribution of flexibility that will give storage systems to the power grid the new
framework is starting the private market of domestic consumption.

Storage system for residential PV is experiencing this yeara small boom. The market is pro-
posing lithiumorlead-acid systems together with the solar panels thus minimizing the traffic
with the network.

Fora domesticuseritis estimated that, onaverage, theinvestmentrequired can be recov-
eredin7-8years.Pricesfora3 kW photovoltaic system with lead(Pb) accumulation are
about 10thousandeuro; with lithium batterysolutionthe priceriseup to 15thousand euro
with the investment recoveryremaining 7-8 years and the average system lifeis 10-12 years.

Current obstacles within the respective energy market

The legislation onthe storage systems andthe electricity market reform are not yet com-

pletedbutitseemsitisgoingin therightdirection with regard to the market possibilities of
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these systems; the considerationis validbothfromthe point of view of system services to

the network and from the point of view of self-consumption.

In recentyears, bothTernaand Enelhave invested heavilyon pilot projects, with the objec-
tive to evaluate different types of technology for energy storage.

Firstanalysesare underling thatin the near future we will needto have a mix of technolo-
giesto handle the produced electricity storage. To accomplish this goal, the hydroelectric
pumpingsystems will continue to bethe bestinterms of installed capacity, but also differ-
enttypes of stationarystorage systems become significantlyimportantinthe whole system,

thanks to their flexibility, especially for small applications and in decentralized areas.

The successof the batterieswill depend uponthe reduction oftechnology costs, planned for
the coming years. In the short term theybatteries will have to compete with other technolo-
gies, forexamplethereis a good business potential for the accumulation of compressed air
systems, particularly suitable for centralized systems ofelectric generation. According to the
study, in fact, since 2020 storage technologiesthat use hydrogen could replace compressed
airsystems and evenhydroelectric pumping systems. The hydrogen technology guarantees

high flexibility, store a large amount of energy with particularly high levels of efficiency.

There isalso asuccessfactor dependencyon the feeling thatinvestors will have on one
technologyinstead than others; it will depend onthe capability to reduce investment and

maintenance costs to achieve profitable solutions ready for the market.
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6.2 Potential impact of ELSA ESS on electricity system costs

Responsible partner: B.A.U.M. Consult GmbH.

6.2.1 Mechanisms for impact on electricity system costs

As anyflexibilityin the electricity system, grid-connected energy storage systems (ESS) can
make an impactonthe overall electricity system costs inseveral ways. The operation of the
(national or other) electricity system as a whole and related operation expenditures (OPEX)
can be modified in various ways:

* demand/ generation profiles are flattened thus reducingvariations of the
market price of electricity; if thisleads to a highershare of cheaper con-

ventional fuelsinthermal power plants, overall system OPEXare reduced

* redispatchof generationunitsis avoided thus allowing units with the re-
spectively lowest marginal cost to cover the demand

* frequencyresponse operations are provided by storage units or other flex-
ibilities thus (1) avoiding expensive quick load changes of thermal power
plantsand(2) permittingthem to operate closerto their nominal power

without a margin for frequencyresponse

* reserveoperations are provided bystorage units or other flexibilities thus
(1) avoidingload changes ofthermal power plantsandrelated costs and
(2) permitting themto operate closerto their nominal power without a
margin for frequency response

* more renewable electricity generation with almost zero marginal costs can
be usedandthe generation of non-renewable electricity with non-zero
marginal costs canbe decreased thus loweringthe overall electricity gen-
eration OPEX

* carbon emissions and related costs (emission certificates) might be re-
duced through more efficient generation, avoided transmission losses and
highergenerationfrom renewables; however, this is not the case if the
highersystemflexibility | eads to higher generationfrom lignite and coal
powerplants replacinggas power plants thus overcompensating the ef-
fects leading to reduced carbon emissions

Hence, there are many mechanisms by which ELSA-type ESS, like anyflexibility in the elec-
tricitysystem, canreduce the overall electricity system OPEXthough not everyeffect is cre-
ated automatically. The changesaffect operations of different stakeholders: generation unit
operators, distribution and transmission grid operators, providers of frequency response and
reserve. Depending onthe wayhow the ESSis operated, some stakeholder might experience
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anincrease of costs / lossof income, others might experience the opposite. The total impact

on electricity system costs might also be positive or negative.

When operated ona longertime-scale, EES might not only make an impact on OPEX, but
alsooninvestmentdedsions, therebyreducingorincreasing capital expenditures (CAPEX)
incurred to different stakeholders:

* deferraloravoidance/additional grid infrastructure investments (grid
lines, transformers, phase shifters, etc.)

* deferral oravoidance / additionalgeneration unitinvestments needed for

ensuring a sufficient level of security of supplyis met

While modifications of investments ingridinfrastructure affect either distributiongridoper-
ators ortransmission grid operators, modifications of investments in generation affect
stakeholders of generation units. Again, depending on the way how the ESS is operated,
some stakeholder might experience anincrease of costs / lossof income, others might e xpe-
rience the opposite. The total impact on electricity system costs might again be positive as
well as negative.

The wayhow, more s pecifically, an ELSA-type ESS might make animpacton theincome and
costs of individual stakeholders or the electricity system as a whole depends onthe specific
features of ELSAESS astheyaredescribedinsection 3.4.1andonthewayhow the system is
operated.

6.2.2 Approaches for assessing the impact on electricity system costs

There is a range of approaches forassessingthe impact of the operationof one or more ESS
on the operationandfurther development (and thus income and costs of related stakehold-
ers;environmentaland otherimpacts) of parts of the electricitysystem or the entire elec-
tricitysystemas a whole. The range of approaches to assessthis impactcanbe delimited by
two opposite extremes:

1. Assessmentofthe (marginal) impact of a specificindividual ESS applica-
tion on anisolated part ofthe electricitysystemsuchas asingle grid line

ora small local low voltage grid.

2. Assessmentofthe (marginaland/oraverage)impactofa larger number
of ESS operatedinone orseveral ways on larger parts of the electricity

system or the electricity system as a whole.

The firstapproach is suitable ifa decision between two or more alternative investments has
to be made whichdo not affect the wider electricity system. This is the case forinstance if a
new electricity consumer (e.g. electriccarchargingstationalonga roador electrified high-

poweragricultural machineryina rural area) ora new generation unit (PV orwind park at a
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certaindistance fromthe existingelectric grid) is to be installed. The alternatives consistin
these casesin combinations ofa connectionto the existing grid and a stationary ESS. Cost
optimisation providesthe combination of grid extensionand stationary ESS atleast cost for
allstakeholdersinvolvedorforone ofthose who have to invest. An example of such a cost
optimisation has been presented comprehensively in (Stéhr, et al., 2018), a short English
presentation isavailable in (Enhancing Synergy Effects Between The Electrification Of
Agricultural MachinesAnd Renewable Energy Deployment, 2018). Though this first a pproach
is relatively precise and can provide guidance forindividual investments in specific contexts,
ittells little about the impact of ESS onthe electricity system and its stakeholdersingeneral
and cannot provide guidance for their wider deployment and required changes of the regu-
latory framework.

The second approach requires modelling of the electricity system as a whole. Inmostcases,
the investigated system is limited to a country’s orregion’s electricity system. A few cover
largerareas such as the EU + neighbouringcountries. In all cases, simplifications such as ag-
gregation ofgenerationand demand, abstraction from the real electricgrid topology, larger
time-steps than one hourat least for parts of the modelling etc. are made —the larger the
investigated area, the more. Typically, the outcome of such modelling work depends more
orless on some basicassumptions, notably it depends onforecasts of demand, generation
and pricesintothe future whichenterasinputintothe model. In spite of these limitations,
this second approach is suitable for givinga more generallyvaluable insightintheimpact of
ESS and provides a basis for guidance for their wider deployment and suitable changes ofthe

regulatory framework.

Forthis reason, the secondapproach is used here. The assessment presentedinthe follow-
ingisbased onresults obtained forthe UKbythe Energies Lab ofthe Imperial College Lon-
don and publishedamong others in the study “Strategic Assessment of the Role and Value of
EnergyStorage Systemsinthe UKLow CarbonEnergy Future” preparedin 2012 for the Car-
bon Trust24, London. (Strbac, etal., 2012) In thisstudy, the gross economicvalue of storage
has beenassessedforthe UKfora number ofdifferent storylines, scenarios and cases and
forthree different time horizons (2020, 2030, and 2050). In the following, this studyis re-
ferred to as “UK Carbon Trust Study” or CTS.

Inthe nextsection, the UKCarbon Trust Studyis summarized and subsequently, conclusions
forthe impactthat wider deployment of ELSA ESS can make are deduced first forthe UKand

then for Europe as a whole.

24 https://www.carbontrust.com/home/
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6.2.3 UK Carbon Trust Study

6.2.3.1 Scope and approach

Thatwhatdistinguishesthe approach followedinthe UKCarbon Trust Study (CTS) from oth-
erapproachesisthatitallows to calculate the optimumcombination and trade-off of grid
infrastructure, storage and other flexibilities, and to evaluate the optimum size and location
of power plants and storage units fora givenlevel offlexible generation and demand-side
control (DSC). This is achieved by using the Dynamic System Investment Model (DSIM) de-
velopedatImperial College which calculates the overall minimum costs ofthe investigated
electricity system.

More specifically, the CTS assesses’:

1. Costand performance targets for grid-scale energy storage a pplications to
facilitate a cost-effective evolutionto a low-carbon future with emission

targets of 130 gCO,/kWh for 2030 and 50 gCO,/kWh for 2050.

2. Sources of value ofstorage, i.e. savings in capital expenditure inall sectors
includinggeneration, transmissionand distributioninfrastructure, as well
as savingsinoperation expenditure and the potential to enhance the abil -
ity of the system to accommodate renewable generation.

3. Impactofcompetingoptionsincluding flexible generation, demand-side
response (DSR), andinterconnection of the national grid to continental Eu-

rope and Ireland.

4. Changesinthevalue ofstorage acrosskeydecarbonisation pathways and

for different assumptions on fuel costs.

5. Impactofvarious storage parameters on its value, including the im-
portance of additionalstorage duration, storage efficiencyandthe ability

to provide frequencyregulation services.

6. Impactofchangesin system managementon the value ofstorage, includ-
ing generation scheduling methodology andthe impactofimprovements

in wind output forecasting errors.

The CTS distinguishes between different possible futures. At the highest level, different
pathways are identified. Thesedescribe a holistic narrative for the development of the UK’s
generationanddemand from 2020 towards the year 2050. The study builds on pathways
developedbythe UK’'s Department of Energyand Climate Change (DECC) inits Carbon Plan.
The central pathwayis Grassroots with a high componentofrenewable energy. Pathways

%519
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with, respectively, significant Carbon Capture and Storage (CCS) and nuclear generation are
calculated for comparison. The three pathways do not only differbythe generation mix, but
also onthe demandside. Scenarios represent deviations froma given pathway, used to ex-
plore the sensitivity of the value of storage to changessuchasinthe level of interconnection
with neighbouringcountries, inthe flexibility of generatingassets, different | evels of demand
flexibilityand high orlow fuel costs. Cases withina scenario are defined bythe specification

of storage itself: the installed capacity, storage duration, efficiency and costs.

DSIM calculates the need for generation units, interconnection, transmission and distribu-
tion gridinfrastructure, andforstorage alongside with power flows in the system. Demand
includes charging ofelectric vehiclesand heat pumps. Interconnection to continental Europe
and Ireland are considered, butthe UKis supposedto be self-sufficient both with regard to
annual energygenerationand peak power demand. The modelling time step is one hour.

6.2.3.2 Definition and calculation of value of storage for the electricity system

Gross benefit of adding storage to a system is defined as the reductionin total annual sys-
tem costs [£/yr] enabled by storage, ignoring its costs. The net benefitis numerically equal
to the difference between gross benefit and expenditure [£/yr] associated with theinstalla-
tion of storage.

The average value of storage is numericallyequal to theratio ofthe gross benefit created by
a certain total installed storage power and this power [£/kW/yr]. The marginal value on the
otherhandisthevaluethatiscreatedifone additional unit of storage is added and the
power of this additional unit [£/kW/yr].

In otherwords:the average value of storage is the value forthe systemdivided by the total
storage powerinstalled, while the marginal value of storage is the first derivative of the val-
ue forthe systemwith respect to the storage power at the point of the installed storage
power.

The marginal and average values of storage decrease as the amount (power) of storage in-
creases. Forzerostorage deployment, both take thesame value. The marginal value de-
creasesmore quicklythanthe average value andis always smallerthan the latter except for
the first unitinstalled.

The value of storage is broken down to:

* Savings of operation costs, notably saving of renewable electricity curtail-
ment displacing more costly generation.

* Savingofgenerationinvestment costs related e.g. to the construction of

part-loadedfossil power plant ensuring suffidentresponse and reserve.

* Saving of interconnection grid investment costs.
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* Saving of transmission grid investment costs.

* Savingofdistribution gridinvestment costs (onlyaccessible for distributed

storage).

This break-down of value ofstorage permits to specifythe stakeholders who benefitand the

to which extend they benefit from the value of storage.

No specific storage technologyis assumed, but specific characteristics were assumedfor the
storage deployed. Forinstance, the standard round-trip efficiencyis assumed to be 75 % and
the reactiontimeis assumed to be sufficiently short to provide frequency response. Storage
is parametrised byits power?. Different stored energy?’ / storage duration?® are considered
fora givenstorage power. Bulk (connectedto transmission grid) and distributed storage
(connected to distribution grid) is distinguished.

Two different approaches are implemented®:

1. The total power ofstorageis fixed and DSIM calculatesthe optimum loca-
tion and operation of storage, andthe total [£/yr] and specific [£/kW/yr]
marginal and average values.

2. The specificannuitised costs ofstorage [£/kW /yr] are fixed. DSIM deploys
storage upto the value when the marginal value of storage becomes less
than the specificannuitized costs and calculates its total [£/yr] and spedific

[E/kW/yr] marginal and average values.

6.2.3.3 Operation constraints and consideration of frequency response and reserve

Generatoroperatingconstraints considered by DSIM include: (i) Minimum Stable Ge neration
(MSG) and maximum output constraints; (ii) ramp-up and ramp-down constraints; (ii) mini-

mum up and downtime constraints; and (iv) available frequency response and reserve.

Operation reserve constraints map the needfor frequency regulation (response to animbal -
ance of generation and demand withina second upto half anhour) andreserve (fine-tuning
the balance of generation and demand at a time-scale of halfanhourto several hours). As
power flows related to frequencyresponse and reserve are shorterthanthe modellingtime-
step of one hour, and because oftheir non-deterministic occurrence, theycannot directlybe
included in a model into which enter deterministic demand and generation profiles. Howev-

26 presumably the maximum discharge power
27 presumably, the maximum discharged electric energy
28 Jefined as ratio of nameplate values of stored energy and storage power

2531
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er,the frequencyresponse andreserve requirements need to be known for differentgener-
ationanddemandsituationsinorderto calculate the required capacity for those units which

provide frequencyresponse and reserve.

Frequencyresponse andreserve requirements are calculated exogenously from the level of
intermittent renewable electricity generation, demandand probability for plantfailure and
are entered asinputinto DSIM. Additional conventional gas and Open Circuit Gas Turbines
(OCGT) are added and optimal commitment and dispatch decisions are determined using a
stochastic scheduling tool withthe Value of Lost Load (VoLL) as onlyremaining free parame-
ter. VolLLis setas 10,000 £/kWh.

In DSIM, frequency response can be provided by:

* synchronised part-loaded generating units

* interruptible charging of electric vehicles

* a proportion of wind power being curtailed

* a proportion of electricity storage when charging

* smartrefrigeration

While reserve services can be provided by:

* synchronised generators

* wind powerorsolar powerbeing curtailed
* stand-byfastgenerating units (OCGT)

* electricity storage

* interruptible heat storage when charging

6.2.3.4 Keyfindings

Keyfindings ofthe UK Carbon Trust Studyare*:

* The value of storage tends to be higherthan previous studies suggest. This
is a directresultofthe whole-system approach employed thatincludes
savingsingeneration capadity, interconnection, transmission and distribu-
tion networks and savings inoperatingcost. These savings all contribute
towards the value ofstorage, but theirrelative share changes over time
and between different assumptions.

* Inthe Grassroots pathway, thevalue of storage increases markedly to-
wards 2030 and further towards 2050. Carbon constraints for 2030 and

30, 96

D5.4 Second study of the economicimpactinthelocaland national grid related

. 198
to all demo sites



Energy Local Storage Advanced system O E ‘ SG

2050 can be metatreduced costs when storage is available. Ata bulk
storage cost of ca. £50/kW/yr, the optimal volume deployed grows from
2GWin 2020to 15 and 25GW in2030and 2050 respectively. The equiva-
lentsystemsavings increase from modest £0.12bn peryearin 2020 to

f2bn and can reach over £10bn per yearin 2050.

* The value of storageisthe highestin pathways witha large share of RES,
where storage candeliversignificant operational savings through redudng
renewable generation curtailment. Innudearscenarios the value of OPEX
is reduced as the value of energy arbitrage between renewable generation
and nuclearislower.CCS scenarios yield the lowest value for storage.

e Afewhoursofstorage aresufficient to reduce peak demand and thereby
capture significant value. The marginal value for storage durations beyond
6 hours reduces sharplyto less than £10/kWh/yr. Additional storage dura-

tions are most valuable for small penetration levels of distributed storage.

* Distributed energystorage cansignificantly contribute to reducing distri-

bution network reinforcement expenditure.

* Inthe Grassroots pathway, storage has a consistently highvalue across a
wide range of scenarios that include interconnection andflexible genera-
tion. Flexible demandis the most direct competitor to storage and it could
reduce the market for storage by 50%.

* Bulkstorage should predominantly be located in Scotland to integrate
wind and reduce transmission costs, while distributed storage is best
placedinEngland and Wales to reduce peakloadsand support distribu-

tion network management.

e Higherstorage efficiendes onlyadd moderate value of storage '. With
higherlevels of deployment efficiency becomes more relevant.

* Operation patterns and duty cyclesimposed onthe energy storage tech-
nologyarefoundto varyconsiderably,anditis likelythata portfolio of dif-
ferentenergystorage technologies will be required, suited to a range of
applications.

* There remain a number of important unknowns withrespect to the tech-
nologiesinvolved in grid-scale energy storage, in particularrelating to the

31 This is because storage allows notably to make better use of renewable electricity with zero marginal costs.
As long as there is sufficient renewable generation, it is not important if otherwise curtailed generation is
used with a higher or lower efficiency.
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costandlifetime of storage technologieswhen applied to real duty cycles

within the electricity network.

* Byindicatingthe costtargetlevels for storage at which it may become
competitiveinthe future, the CTS helps identify which technologies offer
the potential forinnovationand developmentin order to further reduce
their cost.

* Benefits of storage and corresponding value are “split” amongoperation,
generation, transmission and distribution grid.

6.2.4 General impact of ELSA-type ESS on electricity system costs

6.2.4.1 Parametersof ELSA ESS restrictingimpact compared to EES assumed in CTS

The CTS considered no specific storage technology, but assumed ranges of ESS characteris-
tics. ELSA-type ESS, i.e. batteryenergy storage systems with technical characteristics and
costs close to those of ELSA-DT5 ESS, take specific values within these ranges:

* Theratioof maximum stored energy and maximum discharge power
(storage durationin terms of the CTS) is 55 minutes®2. Hence, the findings
of the CTS fora storage duration of one hour are the most relevant for
ELSA-type ESS.

* ELSA-type ESS take a much largervolumethan first life battery systems
becausetheyare notdismantled after removal fromelectricvehicles. For
this reason, itis assumedhere thattheyare not suitable for bulk storage,
anditisassumedthatthefindings of the CTS fortheimpact and value of
distributed storage apply for ELSA-type ESS.

e Theinputand outputvoltage level of ELSA-DT5-ESSis 400V.Hence, ELSA-
type ESS can onlybe directlyconnected to the low voltage distribution
grid, butnotto the medium and high voltage distribution grids. The CTS
does not distinguish between storage connected to the distribution grid at
different voltage levels. Forthe sake of simplicity, itis assumedthat ELSA-
type ESS connectedto the low voltage side of transformers connecting low
and medium voltage lineshave the same impact and value as ESS con-
nected directly to the medium or high voltage distribution grid.

* The minimum poweroutput ofan ELSA-DT5-ESS is one twelfth of its max-

imum power. Itisassumed here thattherange of output power of ELSA-

32 6.g. 11kWh/ 12 kW = 55
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type ESS does notrestrict the potential impact and value of their deploy-
ment.

* Asthe results of the CTS do not depend sensiblyon the ESSefficiencyin a
wide range from 50 % to 90 %, the exactvalue of the ELSA-type ESS effi-
ciencyunderreal operating conditions is little important. Itis assumed
here thatthefinding ofthe CTS for an ESS round-trip efficiency of 75 %
apply for ELSA-type ESS.

* ELSA-type ESS have areactiontime below 1second, thus allowing to pro-
vide the full range of ESS services withrespect to required reaction time,

notably frequencyresponse.

* Itis assumedherethatthewide range of cos ¢ (0.6 to 1) which can be
provided by ELSA-type ESS allows using them for providingreactive power
provision without restrictions.

* ELSA-type ESS have noblack start andisland operation capability. Itis as-
sumed herethatthisrestricts verylittle the potential impactand value of

ELSA-type ESS because such operations are veryrare.

6.2.4.2 Costs of ELSA-type ESS specifying potential impact in cost-optimised systems

Table 19 shows the calculation of the s pecificannual costs (relative to energyandrelative to
power) of a future commercial ELSA-type ESS. The basic assumption is that such an ESS will
be soldata price of 580 €/kWh (initial investment costs foran operator)andthe battery will
be replacedafter5yrs at 26 % of the initial investment, thatisat 151 €/kWh. The entire life-
time is 10yrs. In order to calculate the specific annual cost, furtherassumptions need to be
made forthe weighted average cost of capital (wacc) andthe rate of annual operation costs
relative to theinitial investment costs. Here, itis considered that an ELSA-type ESS repre-
sents a high-risk investment compared to conventional electric grid infrastructure compo-
nents. Forthis reason, a comparatively high wacc of 15.0% is assumed. Itis further consid-
ered thata 2nd-life stationary ESS needs presumably more maintenance and repair than a
1%-life stationary ESS. Forthis reason, the comparatively high annual operation cost rate of
10.0 % is assumed. The storage duration of 55 minutesentersintheratiobetween the spe-
cificannual costs relative to energy and the specificannual costs relative to power. The re-
sultingspecificannualcosts relative to power of 173 €/kW, respectively 154 £/kW33, can be
compared with the findings of the CTS for a pre-setvalue of 150 £/kW.

3 exchange rate = 0.89 £/€; https://bankenverband.de/service/waehrungsrechner/ [retrieved on 2 August
2018]
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Table 19: Specific annual costs of ELSA system

ELSA-type energy storage system

specific investment costs full ESS 580 | €/kWh 516|£/kWh
specific investment costs battery replacement 151 |€/kWh 134| £/kWh
financial life time /technical life time of ESS 10|a 10(a
technical life time of battery 5la 5la
weighted average cost of capital 15,0% 15,0%

annual value degression factor 0,86% 0,8696
annuity 131 | €/kWh 116| £/kWh
rate of annual operational costs 10,0% 10,0%
specific annual operational costs 58 [€/kWh 52| £/kWh
specific annual costs 189 | €/kWh 168|£/kWh
specific annual costs 173 | €/kW 154| £/kW

6.2.4.3 Findings of CTS relevant for ELSA ESS

In (Strbac, etal., 2012), p. 50, Figure 19 (right) and Figure 20 (right) show, respectively, the
total national and the specificannualvalue of storage fordifferent specificannual storage
cost (top axis) which correspond to different total capacity deployed (bottom axis) in a cost-
optimised electricitysystem. These figures have been obtained by the CTS for the UK'’s
Grassroots pathway for the year 2030.

The values relevant for ELSA-type ESS is the column for 150 £/kW/yr which correspond to
deployed optimum capadtyofabout 4.3 GW. If this capacity is to be provided entirely by
2" life batteries fromelectric ve hiclesand 50 % of the vehicle batteries are used for 2nd-life
stationarygrid-connected applications provided by ELSA-type ESS, itrequires an electrifica-

tion rate of the UK’s vehicle fleet of only 2.0 %.

The netspecificannual value of storage which corresponds to this level of deploymentis
360 £/kW/yrwhich is more thantwice the spedficannual costs of an ELSA-type ESS. That
means thatthe operation ofan ELSA-type ESSis always profitable as long as at least a bit less
than half ofthevalue (43 %) thatit generates forthe electricity system as a whole is remu-
nerated to the operator.

As the breakdown ofthe value of storage shows, almost 80 % is related to savings of opera-
tion cost. Abit more than 10 % are related to savings in generation investment costs (essen-

tially part-loaded spinningand stand-by units needed for ensuring security of supply) and 5-
10 % to savings indistribution gridinvestment costs. The tinysavingsininterconnection in-

vestment costs are balanced by a tinyincrease in transmission grid investment costs.

Though 2.0% is a verysmall vehiclestock electrificationrate, 50 % batteryrecoveryand 2"

life use permit annual net savings to the UK’s electricity system of about 0.9 £bn which is
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about1.0€bn. With a projected UK finalelectricitydemand of 379 TWh in 2030 according to
(Strbac, etal., 2015) thisis equivalentto savings of 0.27 ct€/kWh (2.7 €/MWh) relative to
consumed electricity.

In (Strbac, etal., 2012), p. 50, Figure 21 (right) shows thatata level of 4.3 GW of deployed
storage capacitythe average valueis 360 £/kW/yr, but the marginalvalueis exactlyequal to
the annual costs of ESS of 150 £/kW/yrwhichis close to the annual cost ofan ELSA-type ESS

of 154 £/kW/yr. Thisis because ESS are onlyinstalled until the marginal costs drop below the
ESS costs.

If the total capacity of storage is furtherincreased, the marginal value drops to about
100 £/kW/yrand remains approximatelyat this level. The average value continuesdropping.
One hasto notethatthisisvalidforthe Grassroots pathwayforthe year2030. If the carbon
constraintbecomes strongerasitisthecase in the Grassroots pathway with a target of
130 gCO,/kWh in 2030and 50 gCO,/kWh in 2050, the total capacity of optimally deployed
storage and the related value increase.

Further, the following conclusions of the CTS are relevant for ELSA-type ESS:
e The value of storage for the overall electricitysystem is quite high.

* The optimalvolume of storage deployed grows fromwith decreasing per-
mitted carbon emissions and so does the value of ELSA-type ESS and the
overall system benefit that ELSA-type ESS can provide.

* The valueofstorageisthehighestinpathways witha large share of RES,
where storage candeliversignificant operational savings through reducing
renewable generation curtailment. Innudearscenarios the value of OPEX
is reduced as the value of energy arbitrage between renewable generation

and nuclearislower. CCS scenarios yield the lowest value for ELSA-type
ESS.

* ELSA-type ESS canprovide a significant contribution to reduce peak de-
mand and thereby capture significantvalue.

* ELSA-type ESS cansignificantly contribute to reducing distribution network
reinforcement expenditure.

* ELSA-type ESS have a consistently high value across a wide range of sce-
narios thatindudeinterconnectionandflexible generation. Flexible de-
mand is the most direct competitorto ELSA-type ESS and it could reduce

the market considerably.
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* Higherstorage efficiendes onlyadd moderate value of storage *. With

higher levels of deployment efficiency becomes more relevant.

* Benefits of ELSA-type ESS and corresponding value are “split” among op-
eration, generation, transmission and distribution grid.

6.2.5 Impact of single applications of ELSA-type ESS

(Strbac, etal.,2012) have foundthat operation patterns and duty cycles imposed on the
energystorage technologyinscenarios like those investigated in the CTS varyconsiderably.
Theyconclude thatitis likelythata portfolio of different energy storage technologies willbe
required, suited to a range of applications, but do not specify the impact of single applica-
tionsinthe published study. Withregardto the impact of single applications of ELSA-type
ESS one can nevertheless conclude:

* Amixture of different applications is required to generate theimpact de-
scribed in the last section by ELSA-type ESS.

* |fthe operation patterns and duty cycles of the deployed ELSA-type ESS do
much deviate from those required onesthe positive impact on the overall

electricity system might not be achieved.

An exampleofanESS application whose operation pattern has a very differentimpact on
the electricity systemdepending onthe operation pattern hasbeen discussed in section O:
increasingthe rate of self-consumption of PV electricity might have a positive or negative
impact on the grid operation.

In contrast, power purchase optimisation such as peak shaving has presumably a rather posi-
tive impact on the overall electricity systemandthus provides a value: less peak power gen-
erationis neededandthe electricgridis used more efficiently thus reducing ca pital expendi-

ture in the medium and long term.

Generallyspeaking, itis quite difficult to assessthe impact of a single applicationoreven an
individual ELSA-type ESSon the overall electricity supply system. While applications which
provide directly grid services, such as frequencyresponse, can be assumed to have always a
positive impact, applications which serve first ofalla consumer or prosumer cana have posi-

tive or negative impactand value for the overall electricity system.

34 This is because storage allows notably to make better use of renewable electricity with zero marginal costs.
As long as there is sufficient renewable generation, it is not important if otherwise curtailed generation is
used with a higher or lower efficiency.
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7 Conclusions and recommendations

Responsible partner: B.A.U.M. Consult GmbH.
7.1 Conclusions

7.1.1 The need for storage

The needforstorage orotherflexibilityoptions in a givenareais dependent onthe topology
and gridwithin this areaandon the capacity of the power connections crossing the area’s
boundary. If the latterare strongenough, there might be verylittle need for flexibility within
the areaitself, because the balance between generationand consumptioncan be achieved
bysimplyadapting powerimports and exports accordingly. Thisis even possibleiftheshare
of fluctuating renewable power generation is very high.

A numberof model calculations exist which determine the need for storage for different
shares ofrenewable powerforvarious European regions or wider areas of Europe and
neighbouring countries. Severalof them investigate the extreme case of 100 % supply by a
mixof PVand wind power and calculate for which mixthe need for storage takes a mini-
mum. The need for storage found for such scenarios is smallcompared to the annualenergy
demandintheinvestigatedarea. In particulara modest short-termenergy storage need is
found which canbe met with batterysystems. Incontrast, a high share of fluctuatingre new-
ablesinthe generation miximplies a highneed for storage power compared to the peak

power demand.

A common findingof these modelcalculations with regard to long-term storage is thatit
increasesverymodestlyforrenewable shares upto 80 % andverysteeply between 80 and
100 %. This fits withwhat canbe observedinareas which have a highshare of renewables
alreadytoday.In Germanyforinstance, the annual average share ofrenewables was 32.6 %
in 2015 out of which21.1% were PVandwind energy, butthe contribution of PV and wind
powerisverycloseto 100 % in some hours. Negative priceson the electricity market indi-
cate a clearlackof flexibilityin these moments, while the existing flexibility of the system,
basicllyensured bygeneration control of thermal power plantsand pumped hydro energy

storage, is sufficient during most of the year.

However, a crucial pointis thatthese model calculations systematically underestimate the
need for s hort-term flexibility because imbalances are time-scales smaller than the time-step
are blurred out. Furthermore, imbalances over distances smallerthanthe spatial celldiame-
terare blurred out, because the models dogenerallynot map the real electric network op-
erating resources. Ifthe latter are takeninto account, a higher need for short-term storage
becomes apparent andbatterystorage systems are the mostsuitable option to meet this
becausetheycan deal with a broad range of required services better and more cost-
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effectivelythan other flexibility options. In quite a number of cases, batteries arealso more
cost-effective already todaythan reinforcement of electric network operating resources, at

least until the next regularreplacement of existing equipment.

7.1.2 The technical potential for ELSA-type ESS

There is a perfect synergy between vehicle stock electrification and the energy transition
towards predominantlyrenewable generation if vehicle batteriesgeta 2" ifein stationa ry
grid-connected applications. Even ata modest ve hicle stock electrification rate of afew per-
centanda mediumbatteryreuserate of 50 % the potential of ELSA-type ESSis higher than
the present pumped hydrostorage potential, notablyin terms of power. ELSA-type ESS can
provide a significant contribution to the short-termstorage needed in electricity systems
with a highrate of fluctuation renewable power generation —up to 50 % of the battery stor-
age needed for optimised 100 % renewable electricity supply.

7.1.3 The economic impact of ELSA-type ESS

In the transitiontowards a predominantly renewable electricity system, ELSA-type ESS can
generate significant value to the overall electricitysystem which is more than twice their
costs in the case ofthe UKif the carbontargetfor2030is to be achieved mainly by renewa-
ble electricity generation. Notably, operation cost of conventional back-up power plants can
be reducedthanks to avoided curtailment of renewable electricity generation. Further, in-
vestments inconventionalback-up units andthe distributiongridcan be avoided. It can be
assumedthattheseresults areinprinciple transferable, at | east to other large economies in
the EU.

The value of an ESSforthe systemdepends onthe operation pattern. Operation patterns
contributing to balance the residual demand, i.e. the difference between the demand and
(fluctuating) renewable electricity generation, thus smoothing the required residual fossil
and nuclear generation, create the highest value, notablybyavoidingconventional back-up
powerplantoperationandbyreducing the required back-up capacity. Thisimplies that ESS
reduce businessopportunitiesfor operators of conventional back-up power plants in the
shortterm. However, most of these plants are fired with naturalgas andwill be needed in
the long term for combustion of synthetic natural gasproduced fromsurplus electricity and
CO,. This gas-powered back-up power plants a strategicimportance fora transitiontowards

a highlyrenewable electricity generation with a share of 80 % and beyond.

Further, operation patterns leadingto a more constant power flow in grid linescreate value
byreferringoravoiding grid reinforcements. Here, the impact of ESS is directly beneficial to
grid operators:a more constant power flowleads to a better use ofgridinfrastructureand a

better return on investment.
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Altogether, a mix of quite diverse operation patterns of individual ESS located at different

sites in the electric grid is needed to generate the highest system value.

The maincompetitorto ELSA-type ESS with similarvalue forthe overall electricity system is
demandresponse. Insome cases, provisionof demand response is supported by battery
storage systems and simplyrepresents a s pecificcase of their application. In other cases,
demandresponse uses inherentthermal energy storage capacityor flexibility of industrial

production and might be much cheaperthan batterystorage.

7.2 Recommendations

Stationary ESS canhave asignificant value forthe overall electricitysystem andcan provide
a significant contribution to ensure cost-effective electricity supply notablyinsystems with a
higherrate of fluctuating renewable electricity generation. For thisreason, a regulatory and
market frameworkshould be created which allows for profitable operation of ESS, whenever

the operation pattern creates a system value which is higher than the ESS costs.

ESS with 2"-life batteries can provide this system value at lower costs than ESS with new
batteries, provided the costs for dismantling the batteriesfrom the vehicles and installing
themin a2"-life ESS, and the costs of maintenance and repairdo notovercompensate the
savings achieved byusingznd-life batteries. However, 2"-|ife ESS have a positive environ-
mental impact compared to new ESS thanks to a longer total lifetime of ve hicle batteriesand
thus more efficient use offinalresources(lithiumand others)andgreyenergy(energy used
for manufacturing the batteries) (see ELSAD5.3and D5.6). Iftheresulting annual costs of
2" life ESS willturn out to be fi nallyevena bit higherthanthose of new ESS, this positive

environmental impact might be reflected by the regulatory and market framework.

The operation patternof ESShas an impactonthe exact value thatis created forthe overall
electricity system. Hence, the regulatoryand market framework should reward operation
patterns with a highersystem value more thanthose witha low one. In first instance, the
following is recommended:

* ESSshouldbegivenfreeaccessto the market and new market mecha-
nisms should be developedinorderto allow deployingthe maximum ben-
efitforthe overall electricity system. This includes notably markets for
smalleramounts of electricenergyand powerandtrade at shorter time-
scale. Aggregationandregional market places should be permitted as

much as possible.
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* ESSshouldbe promotedbyremovingfeeson electricity charged or dis-
charged. The exemption from paying fees couldbe made dependenton

the value of the ESS operation for the overall electricity system:

0 Charging might be exemptedifit helps avoidingrenewable energy
curtailment.

0 Dischargingmightbe exempted if it helps avoiding generation at
high cost.

0 Charginganddischargingmight be exempted if it reduces ramp
rates and relatedinefficientoperationand stress on material of

conventional thermal power plants.

ESS will mostdirectlyimpact on the operation of mostly natural gas-fired peak and back-up
power plants and might squeeze themout ofthe market. However, these power plants will
be neededagain when larger amounts of synthetic naturalgas from renewable sources will
be available, thatis whenthe share of RES in the electricity generation mix a pproaches 80 %.
Theywillthenbe a cornerstone of the presently only available long-term storage technology
forthe electricity sector, namely power-to-gas. Hence, a strategyis alsoneeded for natural
gas-powered plants though the needforthemwill drop inthe short-term asa consequence
of a strong deployment of battery storage systems.
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