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Context

 Energy Communities (EC)
« Aggregation of several end-users (consumers/prosumers)
« Energy exchanges.
« Control of distributed energy resources (e.g., storage systems).
« Concept of collective self-consumption (CSC)
» Heterogeneous energy usages (i.e., load profiles).
» Potential higher self-consumption & self-sufficiency ratios.

« Objectives — management of energy community

1. Energy management strategy (EMS);
2. Allocation of community generation to each member (keys of repartition - KoR).

e Contribution

» A strategy of keys of repartition that considers every members perspective (introduction of
metric: individual energy price).
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Numerical examples of keys of repartition&

Main grid
C . minimum between allocation & consumption
ommunity >
KoR Communit Grid
X1? X2? X37 X4? - Allocation Y
(An,t N /0) Import (X3, X4~) Import (YS' Y4~)

2w W 1| 50 50 5 5 5 5 0 10
ﬁ )| 40 60 4 6 4 6 1 9
3)| 80 20 8 2 5 2 0 13

| Y J \ Y J

producers with PV consumers etc infinite ways...

Total production: 10W

alloc _ prod
Pn,t — An,t X Pcoll,t
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2. Proposed Methodology: Management of Energy Community
 Energy Management Strategy
* Energy Allocation
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Model of Energy Community

— Physical flow ’ Main grid l T
— } Contractual flow 7 7 % « Each member may own individual energy

assets: PV, battery, EV.

[— _b [;" [)Juf
- Bl VG Wt 1 R
Community | \

« The physical energy flow is measured only
in the meter (P,?Lflteter Pjreter ), which can
be divided into contractual flows of :

« Community (P,ff;m PEY™

. Grid (P7Y", PIY)

Superscript grid, community, meter: Superscript storage:
(+) import energy to the households (+) charge
(-) export energy from the households (-) discharge
17 May 2022 Modelling and Optimization of Power Allocation 7
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Proposed methodology

Two-stage management

Stag el © Community manager (PMO)
« System operation through EMS -‘“_““-_“““““-“““““--“““ﬂ““-“-“““““““““T ----------------- \

- Identic
« At the community level,
coordinate energy system
components to determine the

| EMS Max self-sufficiency r mo KoR — 3 options: - Prorate consumption
I - Limit individual prices
Compute the optimal controls

'\ for the community assets Compute the keys of repartition and
i

) i Operational phase in real-time individuals/community bills
net physical flow in the meter. e ' Settlement phase on a monthly basis
Stage2 T S P————
Individual meters
« Settlement through KoR monthly measurements
. . Monthly bill and Sensitivity of the

* Allocate the collective production . ‘ ‘ &—' perfgrymances capange of

to each member at the monthly Community members assessment individual energy prices

basis (30-min resolution) which
affects the bill.
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Stgl: Energy Management Strategy (EMS) Bt

Variables, Parameters, Objective

* Optimization problem (control of storage power), 30 min resolution for one month horizon.

 Variables (pOSitiVG Semi-definite): storage: battery & EV
+ — + - + _ .
Pt P SOC PEE PRI PR PR P
 Parameters:
t t St t St t pload pPV b
Pn%ax,nr Erb;lax,n: SOCmin,n ’ SOCglax,n ) SOCinit,n ’ .UTSL ’ Pn,ota ’ Pn,t ’ Prigu >

» Objective: max self-sufficiency ratio (amount of consumption that is supplied by local

generation)
d+
LneN LteT P;ft : gd™
neN &teT *n,t
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Stgl: Energy Management Strategy (EMS)

Constraints

Constraints:

com™t

ga*t
Pn,t + Pn,t
com

gd-
Pn,t + Pn,t

ga* load
max (Pn,t ) < maX(Pn,t

< Pﬁqubs

< Pnsubs

implicit model of KoR

due to non-linearitiesS <«— pload
1 pprod nt
( n,t X coll,t) %
Pn,t
17 May 2022
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stt pst~ st 7
Pn,t ) Pn,t = Pmax,n
st __ St
limitation 200 = S0Cinitn typical
ypica
L of SOCyYna = SOCEy
or energy n,en intt,n storage
exchanges SOCnn < SOCSE < SOCstixn system
- boundaries
] PSL 100At
st _ st st st n,t
SOCTl,t+1 _ SOCn,t + [Pn,t X Un — st ] X st
E
Un max,n
+ + ; dt + ]
+ Pt PR = PO+ By AP
’d_ ~ individual power balance
bat™ EV™ _ pindsc g com™
+ PR3t + PEY” = pindse + P91 + P
+ - .
Z e = z i - collective power balance
nenN nenN -
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Stg2: Energy allocation through KoR &

« Allocate community energy to the different members with three different strategies:
1. KoR;: Identical repartition
« Equal allocation for everyone.

7\n,t —

1
[N
2. KoR,: Prorate consumption (default keys by French DSO)

« Based on the amount of consumption measured at the individual meters.
Pmeter

meter"‘
ZnEN P

3. KoRj: Limit individual net energy prlces
« Optimization to limit the discrepancy between individual net energy prices.

B, individual bill
Sy pmeter? Aret = max(rtét) — min(mtét)
P
teT

}\n,t —

n;}et —

+ Obijective: minimize total collective bill (min ¥,ey (B™ + BI%))
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3. Case Study, Results & Discussion
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Case Study

« Smart Lou Quila: a pilot project of energy community by Beoga
located in Le Cailar (near Montpellier), France.

« Seven households with diversity of types & individual assets. = ™ 4 E“"'LE.?-,? e
iLgd , U R
S99, 6.5 GEIKWh, mSeheo™: 7 cEIKW, 2™V C™: 7.5 GE/KWh. AL A ; o

D £ y &, L th dC I"Ay renif
s * : \ - v ’
House PV Bat EV Subs subs ,gd buy gd [ \' FC o e
(kW) | (kW/kwh) | (kW/kwh) | (kVA) (€/mo) (c€/kWh) ol -,
1 3.2 5/9.8 11/40 12.97
2 6.12  5/9.8 - 36 24.96 13.31
3 - 5/9.8 - 6 8.4 12.97
4 3.2 - - 9 10.05 13.31 e ¢
VEL L anr’;!ade )
5 3.2 - - 9 10.05 13.31 g,
6 3.2 - - 6 8.4 12.97
7 - - - 9 10.05 13.31 «
Taxiil'e Cailars
17 May 2022 Modelling and Optimization of Power Allocation 9 Household's location in Le Cailar, France « 13
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Result of EMS

pmeter SOCbat SOCEV _Z pﬁeter
Metrics computed Individual Czrr%?jﬁi? 3 Lt neN
collectively for a month EMS y =2 Y —
EMS = |
] .. . g 0 o
Self-sufficiency ratio (%) 27 42 IS bower meter & SOC |
of house 1 without EMS
- i i 0 2
Self-consumption ratio (%) 64 98.6 0 ¢ 2 T 24
Time (h)
3
g 2 b) \ ~
* Reduced peak load thanks to EMS. =z
5
: : : 2 0 —< | — —
* At the community level, no export to the main grid asall 2 power meterch Slele
local generation is used within the community (thanks to -2O°f house 1‘”'6“ EMS - - -
the storage control by EMS). Time (h)
g c) total power meter at . .
é the comm Jnlty vel r\/\ Al\
5 4 / \ VV ¥
N A A
A \/./'\/ / V
0
0 6 . 12 18 24
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Sensitivity of Individual Energy Prices

KoR3: Limit the discrepancy of individual energy prices
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L 520

> N 2 O18 = community

= 515

E 510 510

S 505

5 500 498 497 497 497 497

8 ———) ® o ®

S 495

E 4.4 4.6 4.8 5 52 5.4 5.6

= Discrepancy of individual energy prices An¢t(c€/kWh)

infeasible without
area

constraint Arrtet

« The total cost increases as the gap An*¢t between members decreases.
« Choose Anl¢t = 4.8 c€/kWh (small increment of total cost compared to the minimum cost).

17 May 2022
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Result of different KoR strategies

Collective bill B house 1 house 4 house 6
baseline house 2 M house5 [ house7
(hno community) KoR1 KoR2 KoRs house 3 p individual energy prices (c€/kWh)

563€ 530€ 497€ 498 €

500+ ]
The KoRs3 returns 11.5% saving (collective bill). l&7 .3-1 .75 .7 1

The strategy KoRa1 results in wide range of individual 4007

energy prices (3.5-9.7 c€/kWh -> Amnhet: 6.2c€/kWh). 3001 . _
: 8.1 7.7 7.7
200 :

100+

600

With the lowest cost (497€) using KoRz2, the individual

energy prices are still significantly far from each other
(3.4-8.9c€/kWh - Amiet: 5.5¢c€/kWh).

Individual monthly bill (€)

7.9 7.6

The last keys KoR3 (which only higher by 1€ from

total community bill) can reach a fairer/narrower gap baseline - KoR, KoR, KoR;

(3.7-8.5CE/kWh > Aggnet. 4 8c€/kWh) no identical prorate limit ind
L] [ n L] L] L]

community  repartition consumption energy prices
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4. Conclusion
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Conclusion

* Management of energy community in two-stage strategy: 1) EMS and 2) KoR.

 Introduce a new metric of individual energy price.

* Proposed strategy: optimization-based KoR that utilizes the metric as an additional
constraint (limit the discrepancy between members).

* Collective bill saving reaches 11.5%.
« This work provides an alternative of KoR for a better share of the community energy.
« Future work: ancillary services from energy community, sizing of assets.

17 May 2022 Modelling and Optimization of Power Allocation ¢ 18
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Numerical examples of keys of repartition&

minimum between allocation & consumption

7*
Allocation Community G (A KO'RO/ ) Allocation | COTT][TU”'W) I (tg?d )
INn % Mport (X3, X4 mport(ys, ya
Import (x3,X4) | Import (y3,ys) nt
H3 H4 H3 H4 H3 H4 H3 H4_
Hy | Hy | Hy | Hy | H3 | Hy 1)| 50 50 5 | 5 5 5 0 10
5 5 5 5 0 10 2)| 40 60 4 6 4 6 1 9
3 80 20 5 2 0 13
4 | 6| 4 6 1 9 ) 8 | 2
etc infinite ways...
8 2 5 2 0 13 Grid Community
\ T » TOt?I Export (y1,y2) Export (X1, X3)
roducer; with PV consu'mers Total production —Total « Surpls
P _ community import Hq H, Hq H,
Total production: 10W
0 0 0 2 8
palloc — 3 x PPTOd 0 0 0 ? 8
nt nt coll,t 3 0.6 2.4 1.4 5.6
17 May 2022 Modelling and Optimization of Power Allocation prorate production « 20
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Organization of Energy Community Fiss

French Context

How the KoR works?

« Maximum distance: 2 km.
« Maximum cumulative generation: 3 MW. PMO defines the keys of repartition (KoR),

 Stakeholders: senditto DSO
1. Community members '

2. A community manager (PMO - personne morale DSO collects the power in house metering,
: : .. : compute the energy allocation based on KoR
organisatrice / moral organizing entity)

P =) pmeter-

. . . coll,t )

« Legal entity that arranges the internal community o men
organization & external parties. Pre™ = Ane x B

coll,t
3. Distribution System Operator (DSO) DSO compute the remaining surplus/deficit energy

* Manages the physical electrical distribution grid. (exchange with the main grid),
4. Energy suppliers send it to energy suppliers
« Sell/purchase any deficit/surplus of local energy v
community. Energy suppliers send monthly bill

based on the data from DSO.

17 May 2022 Modelling and Optimization of Power Allocation 21
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Bill computation

buy,com com™ sell,com com™
com _ ,
* B = (”n 2ter Pn,t — Ty diter Pt )At

gd __ subs,gd buy,gd gd™ sell,gd gad—

n n n

d
¢ B = By (5507 + B27)
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Optimization formulation in KoR3

« Variables (positive semi-definite): Pgd ,Pngf_ pcom* pcom” palloc )
« Parameters: Pmete’” , pyreter

« Objective: minimize total bill in the community (min B.,;; = Y nen B;?d + Ynen BR°™)
« Constraints:

0< }\n,t < 1009% Palloc _ An,t X ZnEN Pmeter
+ .

2 N}\n't < 100% com™ mln(Palloc meter )

ne !

meter* _ pgd* com* gd- PREteT meter” Com+
P Pn’t — + nt Pn,t - ¥ pmeter™ X (ZnEN Pn,t ZnEN )
pmeter _ Pgd + com_ neN Fnt

net _ Bn
Tn™ = et Pmeter"‘

Arl*et = max(ntet) — min(n¢t) < 4.8 c€/kWh

17 May 2022 Modelling and Optimization of Power Allocation ¢ 23
and Benefit Sharing in A Local Energy Community



Grenoble Génie Electrique
, Grenoble Electrical Engineering

Result of EMS

pmeter SOCbat SOCEV —_ pnketer
Metrics computed Individual Czrr%?jﬁi? 3 - - Z"“N i
collectively for a month EMS y = 2 N\
.. . ) —
Self-sufficiency ratio (%) 27 42 E 0 Sower metel & SOC |
f house 1 without EMS
- i 1 0 ) (0]
Self-consumption ratio (%) 64 98.6 0 ¢ B 8 24
Time (h)
 Reduced peak load thanks to EMS. gg b) A R
* To lower import from grid, the battery is discharged during 2 | —=— ‘ [\ ]
the time of high consumption & low PV production. g |power meter "’_‘[rd SOC
D) of house 1 with EMS
« EV charge occurs during high PV production and 0 6 Ting(h) I8 24
dISCharge at mght' § g ¢) total power meter at \/. .
. . : th it I
- At the community level, no export to the main grid as all <4 © communty[Ree [ \VAVI\\
local generation is used within the community (thanks to E 5\ /\ l \ A\
the storage control by EMS). 0 VIVY / V
0 6 , 12 18 24
17 May 2022 Modelling and Optimization of Power Allocation Time (h) e 24
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Sensitivity of Individual Energy Prices Fikas

KoR3: Limit the discrepancy of individual energy prices

—~ . ==house 1house 2 =~house 3 “~house 4 ==house 5 = house 6 ==house 7

© 520 : = 9.0

E i o138 - community )

g @ 8.0 : e ° ° SES

E 510 510 £ 70 1 '

S 505 ¢ 6.0

2 500 498 497 497 497 197 2 50

g ———y o > o o

S 495 =40

[ 4.4 4.6 4.8 5 5.2 5.4 5.6 = 30

= Discrepancy of individual energy prices A¢!(c€/kWh) é 4.4 46 48 5 59 54 56

infeasible without = Discrepancy of individual energy prices Am}*¢*(c€/kWh)
area

constraint Arjtet

« The total cost increases as the gap Ar*¢t between members decreases.

« Discrepancy in the community: difference between house 2 and house 4 (lowest
consumption with same PV capacity).

« Choose Aml¢t = 4.8 c€/kWh (small increment of total cost compared to the minimum cost).
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