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Executive summary 3

Microgrids promising potential for a modernized electric infrastructure?

The dectricity production and distribution systerthe backbone of anncreasingly urbarand energy
dependent societymust urgentlybe shifted towards more resilient, efficient and environmefrtendly
infrastructures. Decentralied electricity productionin densely populated areas is an opportunity to achieve
this transition. Local electricity production and selisumption in cities is hardly nethe energy security
needs of some sensitive sites (hospitals, military bases, resaartgrs etc) have long been addressed by
local private networks able to provide bagk electricity if the main grid goes dowSomehave been
dzLJA NI RS R (i 2whefeYosaOdxd@uBtied sepplies base electricity to grshnected eneliser(s), and
on-site assets are still able to run the microgrid ingdfid mode for a limited period of time. The integration

of recent advancesn renewable energy and smart grid technologiesuch urban microgrids holds many
promises: resiliency, deiced costs, and sustainability of electricity supply. This potential has sparked interest
amongdifferent stakeholders, such as energy companies, utilities;usedsand publicauthorities however

the functionalities and expected benefits of microgrids aredstdirseand sometimes intangible. The present
study offers a vision of the definition of an urban microgrid, the value brought by a microgrid in different
contexts based on & case studiésand the upcoming challenges that microgrid stakeholders will face.

Study aitcomessuggest thaislanding an inherent feature of the microgrid concept, leads to a significant
premium on electricity cost esgecially insystens highly reliant on intermittent electricity production. In this
case, a smart embedded network, with local energy production and no islamdingbe customized
accordingo end-user needs to meedheir sustainability and cost savings goals at lower costs. W hibidee
local networls islandor not, they face strong regulatory challenges thatust be overcometo foster the
further development of embedded networks.

Thetechnical hurdlesssociated witlislanding can be overcome with existing solutions, but ngightrate
substantial cost

Several issues need to be addressed to properly harvest the value lying in microgrids: complex and sometimes
costly technologies, business models for viable value redistribution, and a constraining regulatory framework.

According taa Y A O N2 rHaNfityRafdcomplexity its energy production, distribution and storage assets, as
well as smart grid equipmeninay require significant upfront investments. The complexity of islanding
triggers additional costs thaamot be overlookedind thatare especially high whehe microgrid is based
only on renewable intermittent electricity sources and batteries for energy storaggect developeraeed

to evaluate themicrogridcosts carefully in order to chethat they are in line withwhat the end user is
prepared to pay fotheir energy security requirementand if a relevant business model can be designed on
this basis. In Europe, energy reliability requirements aremetlby the main grids that provide higjuality
reliable powerwhich israrely jeopardized by exceptional eversisch as natural or industrial disasters. Thus,
potential customers argeot likelyto be ready to pay for the resilienpyovidedby a microgrid.

! Three case studies have been conducted, based dcabistricwith peak airconditioning loads in San Diego,
California, a French airport looking for increased sustainability, and an industrial siteawvigitiermal needs in a
congested electricity network area.
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4 URBANVIICROGRID

Embedded smart networks (no islanding) are more adapted ahamicrogrids (islandingvhen thereare
based ora highproportionof intermittent energy production in urban areas

In case studiesf the tertiary sector, EcoDistrict buildings with low heat or electrified heat demand),
renewable power sourebasedislandingdoes not seem to pay itself dffHfowever the local production of
greener and more affordable energyalso possiblevithout introducingmicrogridislanding Thegrid tariff
structure, the origin ofyearly peak demand (heating or A&Rd theavailability of renewable resources are
the three significant sizing factors in the econoomitmizationof such networks:

& With high griddemand chargés abundant solagrand an A/Glinked yearly peak, a 50% share of local
renewable energys the economic optimum in 2020 in &coDistrictwith local roofmounted solar
production and distributed batteries. Most of the savings come from the optimization of power
demand fom the grid, which can also be seen asptimizationof the main grid for the community.

& With low griddemand chargedimited solar, and heatinglinked yearly peak, local productienused
only when its LCOE is lower thdme full grid prices. In such casdhe focus is on total energy
consumed (MWh) rather than instantaneous power demand (MW), and the PV plant will be sized so
that all of its production can be selbnsumed.The stug however highlights the potential oéhicle
to-Grid technologies to optimize the power demand profile of the microgrid and decrease costs.

Microgrids can be economically profitabletlie presence of a high share of dispatchable energy production
and thermal energy demand

Forthe indwstrial case modgmicrogridcapabilities (including islanding) ha@y been found economically
relevant in this studyfor applications with a strong heat demand (or heat and cold demand), such as
demonstrated in industrial zones. The microgrid electric network is then coupled to a heat network. The
overallsystem is optimized with a high share of cogenerationt(@Eemnd thermal energy) from natural gas in

its energy mix. Profitability varies according to the relative prices of gas versus electricity, which depend on
the spark spreddat the consumer level. In such caselectricity consumption from the grid isry limited,

and most of the grid costs come fralemand chargerather than energy chargeGrid tariffs need to be

wisely set to ensure economic fairness between the customer and the grid operator.

Both microgrids and embedded smart networks face major regulatory obstacles today, limiting the emergence
of promisingnewbusiness models

All embedded gridye they microgrids or embedded smart networks, face regulatory challeafzed to
the uniquestatusof an embedded grigositionedbetween the main grid operator aredectricity endusess.
The following points focus on microgrids but alsorelevant for embedded smart networks

The value created bya microgrid must be redistributed in order to ensuaa economicbenefit for all
stakeholdersProfitable business models are possitdsdd on thedifferent value streamstemmingfrom
the services performed by the microgritbwever microgrid implementatiowill be significantly hinderely
the lack ofadapted regulatios

?|slanding with traditional gensets, already widespread and facing no innovation breakthrough, was not of interest
in the study.

* Demand charges are the grid fees related to ltighest powerdemand recorded during given billing period,
usually the highest average-frinute usage within a given month.

* The spark spread, from the industrial consumer point of view, is the difference between the retail price of
electricity and the price of electricity locally produced with naturalrgagasfired plant.
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Executive summary 5

& Firsty, utilities cannot rely on existing international standards to ensurdhbkatlectricityproducedby
a microgridandfed back into the main grid compliant wittthe technical requirementor the power
quality and consistency

& Furthermore,large European utilities hawet uptheir business unittd handleelectricity production,
transmission, distribution and retaiparately Thisframework prevents the development @bundled
microgridoffer.

& A microgridservicepackagemust also take into account consuraeights. Inprojects withmultiple
endusers the billing system should ensure that every consucaerchoosetheir electricity retailer.
Digitalsystemanight help solg sensitive issuefor multi-actor microgridg; digitaltools would provide
simplified operatiorandincreased transparency for billing systems, as illustrated by the introduction of
blockchais.

& Finally, in areas with a grid tariff structure mainly basedapiable energy chargemicrogrids will tend
to decreaseconsumption and hence the main grid operator grid fee, tetmain grid operator still
provides an insuraneike servicdo the customer, based on it®ntractedpeak power, and covers the
associatedinvestments and operational costs. In such cades,competent regulatory authorities
might need to reassess the optimal tariff structubaded mostly on peak power oron energy
consumption to adapt it to the paradigm shifaused bynicrogrids.

Regardless afhether islanding is or is naitegratedinto the system, endiser demand for a greener, more
local,affordableandreliable energyand theadditional serviceprovidedto the gridare both strong drivers

for local production and consumption. In some specific cases, relevant business models can turn into viable
commercial projectgrovided that the constrainisnposedby the regulatory frameworks are adapted.

Microgrids make economic sense when tsepply both electricity and thermal neefitem a dispatchable
energy sourcekor intermittent energysourcemicrogrids islanding entails significant additional investnsent
that should be carefully weighed agaittst valueassignedo energyresiliency.Smart embedded networks
do not providethe islanding function and thus providaeaper and greener energyith local production.
Regardless of the network typeegulatory constraints need to be addressed order to foster the
development of microgrids and smart embedded network
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6 URBANVIICROGRID

Les microgrids urbains, une solution prometteuse pour les infrastructures électriques m@dernes

La production et la distributioRQSf SOGNAOAGSSE LIAfASNE RQdzyS a20ASi0S
dépendante de son approvisionnement énergétique, vont évoluer vers des infrastructures plus résilientes,
plus efficaces et plus durables. La décentralisation de la productitirigtle au sein de zones densément

peuplées représente une opportunité pour réussir cette transition. La production électrique locale et

f QFdzi202yaz2yYYl A2y REya tSa OAff SiesbfBins@R éhargierdésdzS y i
installationsONJA G A lj dzS&8 O KS LA Gl dzEX o6l aSa YAftAGlIANBazr OSyidNB
des réseaux locaux privés, capables de fournir une alimentation électrique de secours en cas de coupure du
réseau principal. Certains de ces réseaux ont r@ésformés en wicrogridn O LJ- 6f S& RS aQnf
F2yOUA2YyYSN) Sy dzizy2YAS LISYRIYy(d dzyS Rdz2NBS fAYAQG:
NBy2dzSt I of Sa RAAGNAOGdzZSSa SiG RSa (SOKy2f 2 A& &Yl NI
véritable transition vers des infrastructures plus résilientes, moins co(teuses et plus durables. Ce potentiel a
adza0OAGS tQAYUSNBG RSa I OGS dzN@roduetéurs,fgestioingiles)dé $eselus, I f
consommateurs finaux, autNA 0 S& LJdzof AljdzZS&X bSlIyY2Ayas fSa F2yO0daA
restent encore vastes et parfois intangibles. La présente étude vise a définir ce que sont les microgrids
dZND F Ayas 1 @Ff SdzNJ |j dzQAf & LIBAKS g7k S° dhRAEEBidbivent LI NI A
étre relevés pour permettre leur émergence.

[ S4 NBadzZ GFrda RS OSGGS SidzRS Y2y iNBydG 1jdzS f1 OFLI O
peut impliquer un surco(t significatif, particulieremt dans les systéemes avec une forte production
AYUGSNXYAGGSYGSeo 5Fya OS OFaxz dzy NBaSlkdz 20Kt AyaSt
ROnt20F3S 1LISdzi siNB O2ycedz LIR2dzNJ NBLR YRNB | deétfso S&2Ay
de pénétration des renouvelables et une réduction de colits avec des investissements moindres.

[ S4 RSTAA (GSOKyAljdzSa ftAsa t tF OFLIFOAGS RQnt2GF3aS L

Plusieurs défi§ doivent étre relevés pour leitpr la valeur potentielle des microgridsles technologies
O2YLX SES& SiG LI NF2Aa O2HGSdzaSazr fI RSTAYyAlGA2Yy RS Y
valeur, et un cadre réglementaire encore trop contraignant.

En fonction de la matiié et de la complexité du microgrid, les infrastructures de production, de distribution

St RS &aiG2011r3S RS tQStSOGNROAGS FAyaA 1jdzS OSttSa
ROAY@SaiAaasSYSyid St S@Sadagp amend2ies cifitS adiitiorghelsRySi nd doivert 2 y O i
pas étre négligés ils sont particulierement élevés quand le microgrid est alimenté par des sources
RQSt SOUNROAGS NBy2dzStloftSa AYyaSN¥yAGGSydSa Si Sad
eallAYSa | SO LINBOFdziAzy FFAY RQS@OIf dzSNI £ SdzNJ | RS|j dzt
FAYlLdzEEZ SG RS YSGGNB Sy LI I OS dzy Y2Rs8tS RQlFIFFI ANB
répond largement aux exigences de fiabilRéS f QI LILINE A a A 2 y yes ¥o8plrés sy SNH S
exceptionnelles et le plus souvent liées a une catastrophe naturelle ou un accident industriel. Par conséquent,
tfSa OftASyida yS az2yil az2dz@Syd LI & LINX @ assuder laudsiBeScl) £ S a
de leurs installations.

® Trois cas ont été étudiésin écequartier caractérisé par des pics de demande liés a la climatisation & San Diego
en Californie, un aéroport francais souhaitant améliorer son empreinte carbone et un site industriel avec des
besoins thermiques importants.
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Résumé exécutif 7

Les réseaux locaux intelligents (sans flotage) sont mieux adaptés que les microgrids dans un contexte de
LINE RdzOG A2y RQSYSNBAS AYOGSNXYAGGSYyGS Sy YAt ASdz daNBIF Ay

Les cas étudiés au sein du secteur tertiaire-(g@rtiers, batiments a faibles besoins en chaleur ou chauffés

b £ QSt SOUGNROAGSO Y2y iUNByd [jdzS tQnt2dF3S |tAYSyYyGs
économiquement viabf® 9y NB Gl yOKSSE I LINRRdzOGAZ2Y dré eoltiné S RQS
ySOSaaAaidsS LI a FT2NOSYSyd €t QAYGNRBRdAzOGA2Yy RQdzyS OF LJ O
f Q2NAIAYS Rdz LIAO |yydzSt RS fF RSYFYRS St SOGNMIdzS 0
RQSYSNHAS sNbBw RIAMS tfdcteursSclés permettant de dimensionner les réseaux locaux
intelligents.

T 5rya €S OFa RQdzyS GFNATAOFGA2Yy NBLRalyd FT2NILSY
AYLRNIFYd SG RQdzy LIAO | yy deSibmigueie® 20020 ebtlatteittfaviedy I G A & |
prEr RQSYSNHAS NBYy 2unds eduipéf d6 pabhiralphN3olairgs e Oitire et de
batteries.[ I Yl 22NA(GS RS& SO2y2YASa NBIfAaSSa LINRODAS
RQSt SOUNR OA i ncigakice dubpelR égalevdsri &re amsid@xsd comme une optimisation
du réseau principal pour la communauté.

f 5rya £S OFa RQdzyS GFNRAFAOIGAZ2Y NBLRAalFIyd F2NISYS
SG RQdzy LIAO | yydzSENKE & B2y dR OKT SHFNHCEG $ | £ AGWE S S
Sai AYFSNASANI [ dz LINAE RS @SyiS RS tQSt SOGUNROAIGS
consommation en énergie totale (MWh) plutét que sur la demande électrique instantanée éMW)
fSa LIyySlkdzE az2tlANBa &2yi RAYSyaiazyysa RS (St
SUNB | dzi202ya2YYSS® [ QSGdzRS &a2dzZ A3y Sto-Grflaldy RIF y
ROQ2LIGAYA&ASNI £ S& LINR TA fralesRdbits ®u3niclogfidRS St SOG NR Ij dzS S

LISdz@Sy it siGNB OA

[ Sa Y)\ON ANRK RA I o f
2dz2NDSa RQSYSNHAS y2y Ayl

S§&a sO0z2y2YAld
LI NG RS S i

zSY
N¥AGGSyiSa Aya

[ Y2RSI{XabBA2RQBORdzZRS LJ2dzNJ dzy AYRdAzAGNRASE | Y2y ({iNB
pour des installations a forte demande thermique (chaleur et froid). Le microgrid peut alors étre couplé au
réseau de chaleur. Le systéeme énergétique est ainsi optdais® son ensemble, avec une forte part de
cogénération (énergie thermique et électrique) au gaz naturel dans son mix énergétique. La rentabilité varie

Sy F2yO0iA2y Rdz RAFTFSNBYyGASEt SyiaNB S spaMsgreadRdz I+ 1

f OSOKSttS RIS IOy 4@ YDEBSHNII O2yaz2YYlLdA2y RQStf SOGNR
fAYAGSSET SG tF FILOGdzNE St SOGNRIdzS Said YF22NRARGE ANS
réseaux devraient prendre en coreptes cas de maniére a garantir une juste répartition des codts entre le
O2yaz2yYYlF{dSdzNJ S t Q2LISNI G§SdzNJ RS NB &SI dzo

ONBINRR& S tSa NBaShHdzE t20ldzE AyGSttAasSyda 1
& RQIFITFIFANBA

YA
§t S

N >
¢ Qx

[
Y
Toutrésedz f 201 £ X 1jdzQAf &aQlI3XAaaS RQdzy YAONBINARR 2dz RQdzy

reglementaires du fait de sa position entre les opérateurs du réseau principal et les clients finaux. Les
arguments suivants sont centrés sur les migdsgmais concernent également les réseaux locaux intelligents.

*l Qnf2dG1 38 o1 as édzNJfSavE!$y5ANJljédzN\E RAS&aSt GNIRAGAZYY:

yS FILAG LI a fQ2602SG RS OSidGS SidzRSo

" Le «spark spreach, du point de vue du consommateur industriel, est la différence entre le prix de vente de
f QSt SOGNROAGS S S LINAE RS fQSt SOGUNROAGS LINBPRdAzZAGS f 2
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8 URBANVIICROGRID

[ @FfSdzNJ  22dziSS RS& YAONRINARRA R2A0 sGNB NBRA&GN
pour toutes les pgrtAies prenantes. Les sources dg valeqr crééevs par les micsogl:idmmbreuses et
permettent aivnsi RS Yy 2AY() NJSdeE ) AYZ F{\ls”eatr)rﬁcﬁps, }EQ lacurfes AéylEhienbaires limitent
I dz2 2 dZNR QK dzA f SdzNJ RSYSf 2 LILISYSY U @
T 9y LINBYASNI f ASdzz Af yQSEA&GS LI & RS aidl yRINRA
injectée dans le réseau par les microgrids répond aux exigences de qualité requises.
¢ [ NBIESYSY(llFidAz2y SdzNRPLISSYyyS AYLRA&S I dz22 dzZNRQK
transmission, distribution et fourniture. Cette dissociation constitue un frein gdeur
RS@St 2 LILISYS y-énuRda gigrdghds. a  { 2 dzi
T [ Q2FFNB RS YAONRINARA R2AG S3AFESYSyid NBaLISOGSN
microgrids impliquant des clients multiples, ces derniers doivent pouvoir garder leur droit de libre
choh E Rdz F2dz2NYyA&34SdzNJ RQSEt SOGNAROAGSD bSIYY2AYy&aZ F
peuvent apporter des solutions en simplifiant et améliorant la performance du systéme de
facturation.
1 CAYItSYSyiGzZ RIya tSa lsasatclen@ntbaSé sirlaNdnsomnraton f QS f
RQSYSNHASS fSa YAONRINRRA 2yi GSYRIFIYyOS t RAYAY
f Sa NB@Sydzaz RS f Q2LISNI G4SdzNJ RS NBa&aSHdzd [ Q2 LISNI
fournir aux consomatelB  dzy & SNIPA OS RQF a4 dzN> yOS t KU dzii SdzNJ |
couvrant luiméme les investissements et co(ts opérationnels. Les autorités compétentes devront
probablement procéder a une révision de la structure du tarif (principalementsbadé pic de
RSYFYRS 2dz adzNJ £ O2yaz2yYYl A2y Sy SYySNHASO Lik2dz

vdzQdzyS OF LI OAGS RQnt2dF3S &a2A0 AyiS3INBS 2dz y2y RIY
verte, plus locale et plus abordable aiqpse les services additionnels fournis au réseau sont des incitations
F2NISa t fF LINPRdAZOGAZ2Y RSOSY(UNrfAassS Sa t £ Ql dzi2O:
RQFFFFANBA | LIIINBLINRSAE LISdz@Syid a$S ( Nditighigiie2ldshe&ined Sy  LJ
réglementaires soient suffisament adaptés.

9y 02y OfdzaAr2yzZ t5a4 YAONRINRRA LISd®Syht siNB SO2y2YAl
enSt SOGNROAGS S Sy OKIFfSdN) 2dz TNRARI SG a2e¢sG FfAY
YAONRINARA ol aSa a&adzNJ RSa &2 doedd dien plRsQéeyé§uNBok Stre A y (1 S N
correctement évalué face a la valeur ajoutée cié@le NJ £ | O LILeS fésedux lecaur intelligents rie
d2yd LI & Sy YSadiaNB RS F2dNYy AN OSGGS OFLXIOAGS RQnt
localement a moindre cofitQuelque soit le modéle, microgrid ou réseau ocal intelligentcdasaintes
réglementaires doivent étre levéedin de favoriser le développement des microgrids et des réseaux locaux

intelligents.
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10 URBANMIICROGRID:

The centralized electrigpower system predominant in most countriess evolving towardsreallegedly more
efficient and more flexibldecentralizedayout, able to integrate distributed renewable sourckticrogrics
may have a privileged place in the design of such elattretworksand havereceived significant attention
from potential stakeholderis its value chainfrom assets providers and electricity producers to-asdrs.

In remote areas, microgridmay be the onlysources ofaccess to electr|C|tyg|venthe lack of eIectr|C|ty
network coverage Conversely, endsers in an urban environmemt I S | 00S&aa (2 (GKS
networkbut may choose to rely on a microgrid system to meet their energy needs.

The present study focuses on microgrids in an urban environment in developedesouhirascarried out

for a consortium of six partner&roupeCaisse des DépOtENEDIS, Fondation Tuck, Groupe ADP, OMEXOM
and TOTALThe objectives of the studyvere to identify urban microgrid concepts, drivers and barriers
through a detailed overviewof existing projectsto perform case stugl simulatiors andto analyzethe main
challengedor the further development of microgrids.

The study aims at sharing an unbiased analysis of microgrids angotieaitial. It does not seek to promote
microgrids but to highlight their main added value for current eledsitstems and thepresentlimitations.
The study steering committeg comprising companies with different backgrounds and interests, fully
respected thigoal ofobjectivity.

This report is structured as follows:

& A thorough overview of urban microgrid projects, vaitietailed focus on six cases
& Results and analyses of three differamtrogrid case studieaodeledwith HOMER Energy software

& Analysis of the challenges related to business models, regulation, technologies and costs that should be

addressed in order to promote the development of microgrids

( memﬂ?memdﬁ?ﬂ ENEADVISES AND SUPPORDESTRIAL AND INSMONAL ACTORSHIE ENERGY SECTOR
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Overview of urban microgrids 11

4.1 Global overview of urban microgrids

4.1.1Definition

4.1.1.1Microgrid concept

In the present study, the microgrid is considered as a microcosm of the broader energy hetwcik

includesall the necessary components to operate in islanded mode. It has the&é® components:
generation, loads and controlgthin adelimitedand controlled networkl, 2, 3]. The key characteristic of a

microgrid isits ability to island, which is not present ather projects improperlycalledd YA ON2 I NA R& ¢ @
actual microgrid is connected to the gadd may island onlyor a limited time, for an emergency reason,

with no degradatiofhof the service. This unique feature requires the implementation of smart gridttools
optimizeenergy flows, whicls crucial to the project economics atalthe technical operation of the islanded

microgrid.

4.1.1.2Scope of the preserdtudy

The present study takes into account relevant urban microgrids in the preliminary overvidhe Ease
studies and complementary analyses, the focos isicrogrids that:

& Are in an urban environment: this includes microgrids in a-sdman environment, such ag an
industrial facility close to a city, aedcludes microgrids in remote locations whtrey arethe only
way to accesa reliablesource ofelectricity.

& Are in developed countries: this excludes urracrogrids in developing countries that belong to a very
different context, where several power outages can occur on the main grid on a daily basis.

& Can operate in nominal mode even during islanding: this excludes microgrids witlp mmker units
that are brought oto the network to power critical loads, oricrogridswith significant load shedding
during emergency islanding to power only limited critical loads

The present study is limited to electrical microgrid netsoekpecially fothe business model and regulation
analyses. The electricity vector is the focal point of the study, even though thermal storagéhend
networks can be coupled and integrated into the syst@timization

4113aAONRBINAR LRaAGADY OFII aKSTABONARZ2 Of d

Themain grid operatas and electricity suppliers traditionally offer their services on a stugomer basis.
Alternatives that aim at creating value througk clustering of electricity consumers and/or producers have
been flourishingverthe last decade (seigurel). There are several levels of comjilein these different

forms of clustering: the more independent a systemvith respect tothe main grid, the more complex it is.

The microgrid system is the most advanced example of an independent cluster, as it can completely island
from the man grid.

8 Or limited degrdation of service

y =
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Figurel ¢ Classification of electricity consumand/or producerclustering strategies

distinction between the different forms of clustering is crucial because they do not imply the same

featuresor the samecost:

B

Embedded network: an electricity retailer groups the electricity consumption of several customers
located in the same premises in order to contract a larger and more profitable subscription to the grid.
The embedded network manager ensures properrajfen and handles the maintenance of the
private network.

Virtual power plant: several electricity production plants are located at different grid nodes. They are
virtually grouped together through the existing distribution network to sell their eneygapacity to

the grid in order to supplyore stable and reliable power to the main grid.

Prosumer clustering: several electricity consumers with production units and demand response
capacity gathered under the supervision of an aggregtitatr optimizes consumption for every
contractor based on electricity market price and grid serveEmsineration

Local prosumeclustering: prosumers clustering in the same premises (Medium Voltage (MV) or Low
Voltage (LV) branch of the existing distribution network).

Smart embedded network: management of distributed electricity production in an embedded network.
The embedded netork manager is still responsilite electricity supply and asset maintenance in his
delimited electricity infrastructure. He is also in charge of load and geneoatiomizationg A i K & & Y I
3 NAtécknologies in order to regulate gridarhcteristics (voltage and frequency),asto improve
overall networkefficiency An embedded smart network has the same functionalitess doesa
microgrid, except for islanding.

*Thetermd & Y NI 3INARE OFy |fa2 NBFSN (2 (bés®d tdchmbldgiesNtray 3 S
provide toolsto monitor, control and optimize electity supply and demand. In the present report, the term

aa

YI' NI 3INRARE NBFSNENAIR AKX LO2NIRAG2 y y2RF RA & G NA 0 dzi SR

technologies.
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Overview of urban microgrids 13

& Microgrid: it is a smart embedded network that can operate in islanded mode, ghidrates
additional technical challenges. The network must be controlled without the reference input of the
main gridand be able to detect fault signals from mgiid in order to island in time. After islanding,
load and generation must almost immediately be balamcetbe kept balanced at all tise

The distinction between smart embedded netwsoakd microgrid may be difficult to appreciate, and smart
embedded networks are oftenalled microgrids because they are small, include private local assets and
integrate renewable sources. In the present study, the key feature that differentiates a microgrid from
smart embedded network isslanding capability. The report reviews the challenges related to the
development of smallprivate smart embedded networks. It focuses on the potential added talbe
derived from upgradinthese networksnto actual microgrids with the possibility to island.

4.1.2Components

The components that might be present in a microgrid are representéadune2:

& Generation: dispatchable or intermittent generation.

& Loads: critical loads have to be served unaléconditiors; deferrable loads can be adjusted for

microgridload balancingr for economic reasons.

Storage: from batteries (centralized, decentralized, electric vehicles...) and/or thermal*8torage

Controller: in charge of the instantaneous operation of the system. It translates the energy

requirements of the miogrid and the EMS arbitrage intequences of operatioto the microgrid

assets

& EMS (Energy Management System): software for generation and load dispatching based on economic
and reliabilitycriteria Coupled with theelevant instrumentation (meters, communication tools...), the
EMS ensures the smart management of the microgrid.

& PCC (Point of Common Coupling): the transformer that represents the physical separation between
main grid and microgrid.

B
.

| Diesel Gen,  Fuel Cell ~ Hydro.
i CHP GasGen. |coo Biogas Solar | oeoo

Dispatchable Limited or intermittent :

generation generation

- ‘ EV !

e | (O D M -

| Batteries

Critical loads ontrollable load °

‘ Data CentreH Life support‘ ‘ Heat pump#‘ Refrigeratiod

coo | Lighting | HVAC

____________________________________________________________________________________

oo

Figure2 - General representation of a gritbnnected microgritt

The PCC, the control system and the Energy Management System are common to all microgrids. They can be
merged into one component and are more or less complex dependingeotyple of microgridLoad

10 Storage is not essential if the microgrid includes a reliable generation unit, such as a gas engine.

H Example of loads, generation sources and storage assetstanehaaistive.

emqgg? ENEADVISES AND SUPPORDESTRIAL AND INSMIONAL ACTORSHIE ENERGECTOR
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14 URBANMIICROGRID:

generation and storaggypesare highly dependent on the type of microgrid designed and the underlying
motivations of the project.

4.1.3Drivers

Based on the information stemming frothe interviews with miaogrid stakeholders and the projects
reviewed in &rreur! Source du renvoi introuvabljewrban microgridgre developed in an urban environment
for three main reasons (séégure3):

& Energy securitya microgridensures energyautonomyoff the main gridfor a limited amount of time, in
case of grid outage

& Cost savings: local generation and storage, coupledcwitomerpoolingcan reduce the energy bills
of endusersor a consortium of electricity consumers.

& Sustainability: with osite production, the microgrid stakeholders can control the level of renewable
penetration they want to integrate into local consumption.

Figure3 - Drivers of an urban microgrid

A microgrid project can addreafl or someof these three driversimultaneouslywith different levels of
requirements for each. Based on the distinction between smart embedded netaock microgids
established in41.1.3 a smart embedded network cameetwith sustainability and cost savings goals, but a
microgrid is the only system that can ensure energy security. A smart embedded network, evensitith o
storage, would not be able to operate independently from the main grisvdsnot designedo do so The
upgrading of amart embedded network t@ microgridis driven by energy autonomy requirements. The
motivationsbehind microgrid implementatiordiffer dependng on the types of stakeholders involved in the
project: residential customers, distribution system operator (DSO);ghitg company, facilities with critical
loads etc.

4.1.4Reviewof existingmicrogrids

There are over seventy projects identified in the world as fully operational microgrids implemented in an
urban area and able to island. They are of all sindshe largest ones exceed 1 MW of instaltegbacity.
Projects were first developed in the US and in Japansedeveloped in Japan mainly aimed at improving
network quality for critical loads and achieving energy security, after the 2011 earthquake and tsunami. The
US went down the sampath, driven by economics anthe need for resiliency, especially after the
confrontation with terrorist threats and natural disastensch as hurricanes Sandy (2012) and Katrina (2005).
New projects are implemented every year, and thent8 hasthe largest and most dynamic market with

124 projects and 100 MW [4] installed capacity in 201&he European projects reviewed are smaller than 1

MW and stilin thepilot phaseasmicrogridshave not yetmet any actual commercial demand in Europe.

( enmemm.tiﬂ ENEADVISES AND SUPPORDESTRIAL AND INSMONAL ACTORSHIE ENERGY SECTOR




Overview of urban microgrids 15

Based on this reviewye decided tdocuson the five projects represented drigured.

-

G—REEN
Santa Ritdail Egv‘d“;;’““’ Stafford HillSolarFarm
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Countrywith other
mature microgrid BEER DISTRIBUTORS @ NTTFACILITIES
PRINCETON

projects UNIVERSITY Princeton

No mature microgrid
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Costsavings
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Sustainability
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SourceEneaConsultingnalysis l i

{
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Figure4 ¢ Location of urban microgrid projects selected for the overview

The projects represented Figure4 have been in operation for over a yeardthey arelocated in boththe

USand Japan, the regions with the most mature market. They serve an important local load (over 950 kW)
and cover different drivers, actors and business models. Project stakeholders were available for initerviews:
total, 9 interviewsvere conduded for the detailedreviewof the selected projectd’he characteristics of the
projects are listed iffablel.

Microgrid Location Capacity Stakeholders Comments
Santa Rita Jail California, U.S PVc¢ 1.5 MW Public owner: Pioneer in the
Fuel cel; 1.2 MW  Alameda county  microgrid sector with
Battery¢ 2 MW innovative technology
Stafford Hill Vermont, U.S. PV¢2 MW Privateowner: Utility-owned microgrid
Batteryc 4 MW Green Mountain  aiming at both
Power, the local  sustainability and cos
utility savings
Manhattan Beer New York, U.S Gas CHP3.6 MW Private owner: Off-grid site due to
Distributor Manhattan Beer  congested network ir
Distributor downtown Manhattan
Princeton New Jersey Gas CHP15 MW Private owner: High level of gric
University U.S. PV¢ 4.5 MW Princeton interaction (grid
University services, arbitrage)
Sendai Japan Gas CHPO0.7 MW  Private owner: NT' Experimentation
Fuel cel; 0.25 MW facilities, a telecon facilities,  with no
PV 0.05 MW operator associated busines
model

Tablel ¢ Description of selected urban microgrid projects
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16 URBANVIICROGRID:

This section presents three different case studrexleled with HOMER software. The case studies are
simplified representations of complex microgrids. They aim at identifyingka@hesuccess factors for
microgridsand the conditionghat make them profitable. The models do not take into account technical
issues, regulatimand business models: these challenges thoroughly studied in the complementary
analyses in§4.

The three cases under consideration are:

& An EcoDistrictin California looking for cost savings and increased sustainability through clustering of
individuals

& An electric airportn France willing to increase renewable penetration through local production and a
fleet of electric vehicles

& An industrial site with thermal loads located in a congested network zone in France

The software used is HOMERybrid Renewable and Distributedr@eation Systent that islicensed and
maintained by HOMER Energy. It was originally created by the National Renewable Energy Laboratory and is
targeted at microgrid economic simulation.

5.1 Method

HOMEPRptimizesa microgrid design based on the desired components and a set of inputs and constraints:

& The softwareptimizesthe size of the components thatereintegrated in the model beforehand.

& The model needs detailed yearly input such as fwafiles, irradiance data and main grid energy and
power prices.

& Optimizationresults are framed by constraints on renewable penetration or the duration of islanding.

The different microgrid designs built by the HOMER software are comparee basis of two metrics:

& The Net Present Cost (NPC) of the micrdgtide sum of thepresentvalue of altostsover the period
of interest, including residual values as negatosts The levelized cost of energy (LCOE) is the ratio of
the NPC over théiscountedflow of energy supplied to the microgrid. A weighted average cost of
capital (WACC) of 5886 was assumed. Costs were separated into initial CAPEX, replacement CAPEX
for batteries only and maintenance costs.

v 6¢i 00t O¢ RBQ
p w000

2 LCOE islsoincludedin the HOMERoutputs and can be used as an economic metric. However, the LCOE
calculated ilHOMERamortizesthe NPC over the total amount of energy prodyceden when sold back to the

grid. Furthermore, the deferrable load and the cost of gas consumed by the boiler are not taken into account into
the calculation. Therefore, the LCOE is calculated independently from HOMER in order to have an economic metric
relevant to the microgrid managen the present study,iie NPC is amorgd over the total amount of energy
consumedy the microgrid.

13 Calculated based on 8% discotate and 2% inflation rate.

[ enm ENEADVISES AND SUPPORDESTRIAL AND INSMIONAL ACTORSHIE ENERGY SECTOR




Takeaways from 3 urban microgrids case studies 17

0006
Lboou O ——————
B Ot QidRuE | 00OV
P w0060

& The renewable electricity penetration (%RE), equivalent to the ratio of renewable energy locally
produced and selfonsumed ovetotal energy consumed. The metric calculated by HOMER assumes
that electricity from the grid is not renewable and thatsite fossilgeneration is meant for microgrid
consumptionand is not sold back to the grid. The renewable electricity penetration only takes into
account renewable energy consumed by the microgrid, and does not integrate surplus renewable
energy produced osite and fed back into the grid
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5.2 Ecdistrict case

This case has been designed to highlight the dynamics behind the potential energy autoBootyisifict.
The aim of this case study is to understand the economics behind the different situations (em
network, smart embedded network and microgrid) and thusnticipatethe potential evolution of the
electricity distribution market. A 3@d@usehold Cébrnian EcoDistrictuilt in 2020was used to illustrate
the case, based am2015 grid and market prisand 2020 forecast technology prices.

Electricity pooling (in an embedded network without local production) aEttiBistrictscale can alread
trigger significant cost savings about $90MWh (from $290 toroughly $200/MWh) for a residential
customer Furthermore full @st efficiency is reached by targetinglecreasein peak consumption durin
peak summeperiods This is possible with a mix of a small solar capacity (up to one third-défeorable
load) coupled with a smadtale battery. Evewhen theadditional cost®f private network investment ani
smart grid equipmendare taken into accounthis solution is 2% less expensive than-gnig pooling. Loca
RE share is then 9% of consumption.

Based on these analysesrenewalle islanding capacity in an urbBooDistrictonnected to the main grit
generatesa very high cost premiufor the service delivered-dowever a significant increase of RE share
be reached with limitecdditionalcosts,reachingup to 50% of the network consumption for an LCOI
$200/MWh (same as for pooling).

This case highlight®ry interesting dynamics:

& In this case, value for tHecoDistriccomes mainly from decreased pdakd rather than energy self
consumptionLimited additional value could be harnessed through grid sewyifdmttery storage is
available and a relevant grid service program is implemented.

& An embedded smart network wittoptimized selfconsumption can provide high value for t
consumers (cost decrease and increased share of renewable energy consumption).

& When appliedo a greenfield casesommunitynetwork investment could also kmptimizedthrough
smart peak shaving.

This case has been designed to highlight the dynamics behind the potential energy autoRoolyistfic.

This is a case gfrimary interest for most actors as it involves prosumers (consumers with significant
production on their roof), potential independent microgrid managers (new entrant in the market), DSO (who
could see potential value transferred to other stakeholders). The aihisofase study is to understand the
economics behind the different situations (embedded network, smart embedded network, microgrid) and
thus anticipatethe potential evolution of the electricity distribution market. The study will not investigate the
regulatory and business modehallenges associated with such a case, but investigaae would be the
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18 URBANVIICROGRID:

most relevant cost savings options for the inhabitants ofBbeDistrict and to what gtent sustainability
goals can be integrated intbe cost reduction strategy.

5.2.1Case presentation

The case study focuses on aneddctric® EcoDistrictcomposed of residential and small businesses
customer$®. The region is also impacted high afternoon peak loads due to air conditioning in summer
time. TheEcoDistrichas a private distribution network with a single connection with the main grid and can
buy power from the grid on an individual or on a collective basis, assvpth@uce its own electricity with PV
rooftops and batterie¥.

5.2.2From gridonly to microgrid

5.2.2.1Embedded network case

The first step towarda microgrid in residentiareastodayis anembedded networksee definition §.1.1.3.
Figure5 shows the comparison ohé Levelized Cost of Energy results for a single residential customer, a
single small business customer, and EeoDistrictwith 300 residential customers, 30 small business
customers, and a deferrable load that represent 25%ofafl load. The EcoDistrid annual peak power
demandafter pooling is 1.1 MW.

Residentiatustomer Small businessustomer
% $287MWh . $229MWh
Notincluded franchisdfeesand taxes Notincluded franchisdeesand taxes

v

Ecodistricpooling

. $199MWh

Notincluded franchisdeesand taxes
Included$20/MWh for private network

Figureb ¢ Embedded network case results

Electricity pooling (in an embedded network) at theoDistrictscale can already trigger significant cost
savings,of about $90/MWh (from $290 toroughly $200/MWh) for a residential customerAs a large

“Thermal load (aiconditioning or heating) is ensured by eleeappliances.

> For the study, thig€coDistrictvaslocated in San Diego, California. Load profile and tariffs are based on 2015
archives data from local Californian ititiSDG&HE59] [60]. Global horizontal irradiance dafé4, 65]is based on

data consolidatedover several years. Priferecass for PV and batteries take into account potential decre@se

the cost oftechnology(modules or cells), Balance of System, and soft costs in(E2&a Consulting analysis based
on[70, 71, 39, 39]

'® Grid services delivered by tEeoDistricto the main gridvere not considered in the case study. Indeed, a smart
grid with controlled local generation and storage could eirter a demand respond scheme or provide ancillary
services to obtaiminor additional income. However, this value stream is limited and would not have a significant
impact on the trends illustrated by tliecoDistrictase.

enmm ENEADVISES AND SUPPORDESTRIAL AND INSMIONAL ACTORSHIE ENERGY SECTOR




Takeaways from 3 urban microgrids case studies 19

customer, parts of theéecoDistrictbills are related to power charges. With a large deferrable load, the
EcoDistricts able to adjusts load profileto decrease the power part of the electricity bill.

5.2.2.2Potential smart embedded networks

Going furthewith the casethree smart embedded networks (including local electricity production) driven by
three different objectives are considerexillustrated inFigure6.

ENERGY SECURITY

. 800 kWdemand $335MWh
9% RE
@ 250 kWinstalled 12hoursislandingn
GO 2. 0.5 peaksummerday
MWh installed

Included$51/MWh for privatenetwork,smartgrid
andislandingequipment

COST SAVINGS SUSTAINABILITY
800 kWdemand o ] . . . 650 kWdemand
. $196/kWh $199/MWh
. 250 kWinstalled > 9% RE 8 1500 kWinstalled } 49% RE
Noislanding Noislanding
100 kWhinstalled 500 kWhinstalled
Included$27/MWh for private Included$27/MWh for private
network and smargrid equipment network and smargrid equipment

Figure6 ¢ Optimizationresultsfor cost savings, sustainability and energy security drivers

& Cost efficiency is reached by targetargadditionatiecreasen peak consumption during peak summer
periods This is possible with a mix of a small solar capacity (up to one third-défeorable load)
coupled with a sma#icale battery. Even witthe additional costsassociated withprivate network
investment and smart grid equipment, this solution is 2% less expensive thasnlyridooling. Tése
results donot take into account potential revenues from the battery pooled to provide demand
resporseor ancillary services.

& Sustainability (RE Share) is limited by the economics. The maximum renewable penetration that can be
reached withoutexceedinggrid-only pooling LCOE is 49%.590 kWp solar array is installétat is
equal to primary peak demarshda larger battery (500 kWh) is installed on the network. Peak shaving
is more frequent andhe grid subscriptioncontractcan be decreased to 650 kW. The reduction in grid
charges balancesut the initial investmenin the solar system. Inconfeom battery operation could be
slightly increased through grid services.

& If the main reasorfor the microgridis energy security, then an additional bagk battery should be
added to the optimum cost savings case. €askociated wittthe implementation of thel2-hour
islanding featureare very high, 68% more expensive than the embedded network base caseipBack
batteries cannot be used for arbitrage or any additional services. The high cost of islanding is only worth
considering if endisers have strict requirements on energy security levels.

Based on these analysesenewable islandingapabilityin an urbarEcoDistrictonnected to the main grid
generatesa very high cost premium compared to the value of the resiliency service offered. Most
householdsor other small electricity consumers without highly critical lotdd experiencevery few
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20 URBANMIICROGRID:

occurrences of main grid outages, are unlikelyay this premiumFurther modelling explainmssiblecost
savings and sustainability drivessthout addressingnergy security.

5.2.3Renewable and storage to decrease the grid demand charge

Existing onstraints on grid subscriptisrhighlightthe potential cost savings that could be achieved with
peakshaving. Investmerin local generation and storageould allow the EcoDistrictto reduce its power
subscription to the grid. Eventualtpst savingsvould balanceout the investment, and additional benefits
could be derivedrom onsite PV and batteriesuch as increased renewable penetration or potential income
from grid services.

Figure? illustrates the stability of LCOE down to a 600 kW grid subscription. LCOE varies only by a few percent
while on-site generation and renewable penetration increase significantly. If dereapdnse and ancillary
services schemes are included into the microgrid financial balance, incombyris8%[5] and the LCOE

stays equal to the embedded network LCOE case as long as grid subscription is above 600 kividwith a
subscription lower than 600 kW, LCOE dramatically increasesewable generation has to coeelarger

share of the base load (séggure8). Investment in local generation meang longerbalance out grid
subscription cost savings

Figure7 ¢ Results ofensitivityanalysion maximum power delivered by the grid
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