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Highlights

= A detailed research and analysis of papers related to REC performance evaluation;

= Extraction of KPIs from relevant publications in a variety of multidisciplinary fields;

= A sector-based categorization and classification of KPIs across REC project phases;

= Redefinition of the KPIs by using a common nomenclature;

=  An MCA to identify the most suited KPIs considering multiple domains and purposes;

= A Reference List of 25 selected KPls, offering a toolkit to assess REC performance.
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1) Literature Review & KPIs Research

The methodology of the systematic review includes a bibliographic search of research documents on REC
analysis, the categorization of metrics based on their use, and the identification of key metrics.

The question driving our review is: “What is the current state of the art in applying performance metrics to
analyze RECs projects?”. The process is divided into four phases:

. 11
Papers Exploration
. . - . Search
A comprehensive search of papers in the field of RECs using Ensi Method Query
Scopus and Web Of Science databases ngmes
"key performance indicator" OR kpi OR "performance evaluation" OR
Article title, indicator OR metric OR "performanc'? metrics" OR "performance
. Scopus Abstract, measures
Papers Screening Keywords . AND .
"energy community" OR "community energy" OR "community
institution*" OR "citizen* energy" OR "energy citizen*" OR "power to
Initial screening of collected literature based on research people" OR "citizen power plants" OR "cooperative energy" OR "energy
domain and accessibility cooperative" OR "power cooperative" OR "community-owned"
Web of AND
Science All field local OR projects OR systems OR renewable OR sustainable OR
o oy spe integrated OR clean OR wind OR solar OR self-organized OR self-
Pa pers Ellglblllty consumption
Further filtering papers by extracting those that explicitly define
KPIs through mathematical formulations in the context of the RECs.

Lorenzo Giannuzzo - lorenzo.giannuzzo@polito.it  EC LAB



Overview

Literature KPls KPlIs MCA - Most KPls

Review & Categorizati Relevant
on & KPls Reference

Unification Identification List

Database
KPls Creation

Research

6



2) Database Creation

KPls Database

Papers EXp|Orati0n Sl KPIs extracted from the papers identified in the Literature Research are

systematically collected and organized:
A comprehensive search of papers in the field of RECs using
Scopus and Web Of Science databases

1) Definition and the mathematical formula;
2) Sector Domain - specific areas in which a REC operates. Four domains are

Pa perS Screening ! considered (energy, economic, environmental, and social);

3) Usage - categorizes the purpose for which a KPI was used in the literature

Initial screening of collected literature based on research

. - (planning, operation, benchmarking, monitoring);
domain and accessibility

4) Type - Specifies whether the KPI is numeric or categorical (e.g., boolean

indicators that reflect the presence or absence of specific characteristics within the

Papers Eligibility ' REC);

5) Target - ldentifies the specific stakeholders for whom the KPIs are intended,

Further filtering papers by extracting those that explicitly define providing insight into which groups or entities would benefit from visualizing these
KPIs through mathematical formulations in the context of the RECs. KP]
S;

6) Control Volume - Defines the physical boundaries within which data must be
known to calculate the respective KPIs, providing a quick and immediate indication

of the perimeter of the analysis when evaluating performance metrics.
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3) KPIs Categorization and Unification

The KPIs Categorization and Unification phase focuses on grouping and uniforming similar KPls, assigning them
a single mathematical definition.

1. Equality - KPIs that share the same
mathematical definition, and depend on the
same variables. Two or more KPIs are

KPIS Database deemed equal if they are mathematically KPIS Database

equivalent.

2. Similarity - KPIs that express the same
concept and depend on the same variables
but have slightly different formulations.

‘ ’ 3. Relatedness - KPIs derived from other KPls —

and convey equivalent information. These KPI - 2

KPI - B —

’ KPIs are functions of other KPIs, involving .
— KPI-D basic arithmetic operations such as ratios, -
KPI-C ‘ multiplication, addition, or subtraction. KPI - 4
’ KPt-2 4. Uniqueness - KPIs that do not conform to
KPI - C the previous criteria are categorized as

unique.
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4) Multi-Criteria Analysis

The identification of most relevant KPIs is guided by a Multi-Criteria Analysis (MCA). For each Sector Domain, the KPIs are

evaluated based on the following criteria:

% Frequency (F) - The number of times the aggregated KPIs appear with mathematical formulations in the analyzed articles;
% Usages Coverage (UC) - The number of different Usages for which the aggregated KPls were applied;

% Targets Coverage (TC) - The number of different Targets to which the aggregated KPIs are addressed.

I Energy KPls -

Score Frequency Usages Coverage Targets Coverage
MCA
0.25 from 1to 8 1 out of 4 1 out of 4 KPI Formula e TC F o geore
Electrical Self - E
0.50 from 9 to 14 2 out of 4 2 out of 4 ProducionRate  pSp=—=get 100 075 050 225
(ESP)
TEU
0.75 from 15 to 21 3outof4 3 outof4 Total Energy r
Used (TEU) _ Z(Efg,t t Epods) 1.00 0.75 0.5 2.25
t=1
1.00 greater than 21 4 out of 4 4 out of 4 Self - B
Consumption SCR = w 0.75 0.50 0.75 2.00
Rate (SCR) el.prod
MCASCOTe = Wy *x F +W2 * UC +W3 x* TC
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5) KPIs Reference List

Based on MCA results and author’s expertise in the field of RECs, a set of 25 KPIs constituting a structured framework for

evaluating REC performances across energy, economic, social, and environmental domains, was created.

MCA Results

e e e o e e e e e e e e e e e - -
| |
1 I
e Energy KPls Economic KPlIs I )
I I KPIs Reference List
| I
MCA
I KPI Formula uc TC F xfr‘: KPI Formula uc TC F Score |
I Electrical Self - £ Annual AEC I Sector COlltl'Ol
PodionRae  ESP el 100 075 050 225 Encrey KPI Formula Usage Target
075 075 100 250 .
| (EsP) D Cashllow = Z[E’CPI - Z. g 70T ‘ | Domain Yolume
(AEC)
I TEU I
Total Energy T Businesses . REC
| UATED) = ) (B 4 B ) 100075 05 225 Creation BC = Ny s 075 100 025 200 | Auth ) Shared Energy SE Planning, ) ’ REC-To-
fg. prod
2 (B0 uthors (SE) Energy — mini{E;,,E,)  Monitorin Policymakers, Grid
I sr- B e Cop 1 Selection fgr g € Stakeholders
I Consumpon - SR = g 070 030075200 Bpodive  CAPEX= ) Gy 050 075 025 150 |
: Rate (SCR) : (CAPEX) ; | back PBT REC, REC
Payback Time . .
I I (PET) Economic Co Planning Members, REC
I I [ncy - Expy Stakeholders
I Environmental 5 GHGE
| KPls Social KPlIs : GHG ; (
= €024 proa:  Operation REC
| Emissions Environmental Zi:l ot o . REC
MCA MCA I 102 Monitoring  Policymakers
1 KPI Formula ue TCF e KPI Formula v Tc Fo g 1 (GHGE) eq,oper t
I Environmental _ Kpoll REC Local I + Cozeq'"ans 't)
ENVI=—=—— " 100 075 1.00 275 ) Neep rEC .
1 Tmpact (ENVI) Xpoll ex—ric Representation LR = T 050 1.00 025 175 1 Social Energy N.
(LR) REC . resp ,REC L. REC
I Low earbon v 1 Empowerment Social SEE = /22222 Monitoring REC
Public Social Energy N N Members
I &:Ef:smtion LPTV = T I\LLIPTV — 050 1.00 025 175 zisrglgwennem SEE =%:;EC 0.50 1.00 025 1.75 I (SEE) REC
: :lzgl]&-)\y/r)nem rate " Social I
Business I
SBD = Byp +B 050 100 025 175
Noise Pollution _ dbggc Development £p T OFP
I Redton (N0R) NPR=pE 050 075 025 150 By I
| |
|







The research on papers related to RECs and the use of KPIs to analyze their performance developed

through the Literature Search phase, composed of Papers Exploration, Papers Screening, and Papers Eligibility
sub-phases, led to the results shown in the following figure.

Papers Exploration

251 — Scopus & Web Of = Published since 2010;
Science = Journal papers.

Papers Screening

= = : 1.
151 — Scopus & Web Of Full-text available paper °;

. » Check on research
Science F——

Papers Eligibility

B * Papers that make use of
53. Scopus & Web Of KPIs in the context of the
Science RECs 2.

L Availability is based on the Polytechnic of Turin and ENEA accessibility to research works.

2 Only paper that explicitly define and use KPIs are taken in account.
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160
44%

140 (L38)
120 From the 53 identified papers, 316 KPIs were extracted
0 during the Database Creation phase. This set of KPls
" i includes repeated or similar KPls, since this phase
20% )
- (62) involves only collecting all the KPls defined in the
13%
0 (42) analyzed articles. Of these, 138 were classified as Energy
. (44%), 62 as Economic (20%), 42 as Environmental (13%),
and 74 as Social KPIs (23%), as shown.
0
Energy Economic Environmental Social

Usage Frequency Percentage

Among the 316 KPIs collected, the results show that the Monitoring 7 6%
most frequent Usage is Monitoring (36%) and Operation .

Operation 151 31%
(31%), followed by Benchmarking (24%) and Planning _

Benchmarking 69 24%

(19%).

Planning 91 19%
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Database Creation ™ KPIs Categorization and Unification ) o o

160 o Energy KPIs experienced the most significant reduction in absolute

I—l— terms, from 138 to 48. The number of Economic KPIs also dropped
e substantially, from 62 to 20, and Environmental KPIs saw a reduction
120 from 42 to 7. In contrast, Social KPIs underwent a less drastic decrease,
100 - from 74 to 42.
20 6E%)
40

20 * Energy KPIs: The most impactful criteria are "uniqueness" (35%) and
. [ "similarity" (33%), followed by "relatedness" (25%). A small portion

Energy Economic Environmental Social (7%) falls under "equality*;

[ i . " H 1 . . . o .
Frequency by Sector Domain Economic KPIs: The "uniqueness" criterion predominates (46%), while

- "similarity," "relatedness," and "equality" are less frequently used, each
Aggr.e ga.tlon Total Energy Economic Environmental Social d 12-29%:
Criteria Frequency aroun o
_ = Environmental KPIs: Notably, no KPIs were classified under "equality,"
Uniqueness 60 35% 46% 44% 52%
and the other aggregation criteria were applied only a few times,
Similarity 44 33% 29% 33% 33% reflecting the small number of environmental KPlIs collected earlier.;
= Social KPIs: “Uniqueness" is also dominant here, accounting for 52% of
Relatedness 25 25% 13% 23% 13% . Lo . L
the KPIs, with "similarity", "relatedness", and “equality” contributing
Equality 7 7% 12% 0% 2%, 33%, 13%, and 2%, respectively.
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Database Creation ™ KPlIs Categorization and Unification Database Creation ™ KPIs Categorization and Unification
160 -66%

140 | . .
Benchmarking Planning
81 80
120
T T
100 i) )
450
80 -68% 30 . 50 aEM
40 - 40
60 -B1% 30 30
."I.I"II A L
40 20 e 20 "
I_L
10 10
20 ‘_1 ’_1 1
. 0 0
0 _— Energy Economic  Environmental — Social Encrey Economic  Environmental Social
Energy Economic Environmental Social
“ Operational “ -52% Monitoring
. . . il _S0e 70 -
The aggregation process impacts KPls across all Sector Domains and 6 ” 39
Usages fairly uniformly. However, certain cases stand out, such as 50 g
environmental KPIs in planning contexts, which decreased from 10 to 1 40 40 )
30 5295 0 67% &%
KPI (a reduction of 90%). Social and economic KPIs in benchmarking 30 20
contexts experienced a less dramatic yet still significant reduction (from 10 10
0 — — — 0 —— — — —
11 to 7, about 36%) or social KPIs in monitoring contexts (from 56 to 34, Enenry Economic  Environmental — Social Eneryy Economic  Environmentsl — Social
nearly 39%).




REC
32%

4
117 Unificated KPlIs

The majority of KPIs are aimed at the REC or the REC manager

(about 32%), and  policymakers (around 30%), followed by
Stakeholder REC Member
25% 139 stakeholders (almost 25%). Only 13% of the aggregated KPlIs target

community members.

L“‘v:

30%
Policymaker Control Volumes

The "REC" control volume is the most commonly used, applied

to about 57% of the aggregated KPIs. Around 30% of the KPlIs

REC-to-Grid 13%

are limited to the "REC Members" control volume, and only

. . REC Members 30%
13% focus on the "REC-to-Grid" control volume, which

pertains to energy flows between the REC and the electrical

REC %
grid. This shows that most indicators used to analyze REC — o

projects generally require relatively extensive data knowledge. 0 10 20 30 40 50 60 70 20
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frequency, namely the number of articles in which the KPI was defined through mathematical formulations).

Top 10 Energy KPIs based on the obtained MCA score (where UC is the Usages Coverage, TC is the Targets Coverage and F is the

. - AMCA
KPI Formula Definition wc TC F Score
Elactrical Salf - E Fatio betwean the total amount of electrical enerzy produced on the site and the
Production Rate E5p — —fhprod electricity demand (%8). B praq is the electrical enerzy produced by RES within 100 075 030 225
{(ESF) the REC, I 1s the alecirical energy demand of the EEC.
- Enersy supply from local resources inside the comummity and distribation
Total s Tlzad - network-baszed supply from outside (KWh). E., . 1= the electrical ensrgyv takan
Enery U TEU = O (Efge + Eprod.) : : - e _ : 1.00 0.75 0.5 225
{TELT} & P firom the grid at the tmestep ¢, E,,,.,, 1= the slectrical energy produced with BEES
r=t vrithin the REC at the timestep .
Self - Conswmption SCR — Eglrelf —conz Fatio batoraan the E.]ec:ticalenerg}'ae]f—cunmmedl:ﬂ., seif—eons ) and the alectrical 075 050 0.75 200
Fate (3CE) Eelprod energy produced within the REC (%),
Salf - Bufficiancy SSR — Eg:,gg:f_mns Fato betwean the electrical enerpy selftcomsummed ':Eal'.a-al'f—rans:'aﬂd the 075 0.50 0.75 2.00
Fate (35F) o elactrical anargy demand within the REC (%6).
w
Local Storags . Total locally metalled storage (KWh or'and KW capacities meide the commmamity.
Capacities (LEC) Lsc = Storage Size; N iz the momber of enerpy storages within the REC. 0.73 1.00  0.25 2.00
I=1
cs5C Minimmnm between the EEC demand and production. &V i= the mmnmber of EEC
Collectve Salf - T N members, T 1= the time window, and E,, .4 4 1= the enerpy produced by the n-th 0.75 100 0.25 2.00
Coneurmption (CSC) = Z Z min{Dnr. Epradgn:)  member within the REC (KWk) at the timestep & Dy pis the electrical snersy : : -
t=1n=1 demzand by the n-th member within the EEC (KWh) at the timeastep ¢
Frraluates how efficiently a REC can infegrate varniable BEES. E,_ .., 15 the electrical
Ints=ration Ic = Emiss + Eaxcase + Elges energy which 1z net covered by electrical production within the EEC, E. . ... 1= 0.50 100 025 1.75
Coefficiant (IC) - i) the surplis enerzy produced within the FEEC compared to the elactricrty damand, o N N -
E)yzc 15 the electrical enerzy wasted due to systems" losses (2o
P — Chuantifies the disperzion of fraquency zround the farget value of 0460 H= &
Frequency Standard |Eﬂ I:f _m: lorover value of the standard dewiazhon of the frequency mdicates a stable and - -
. - L i=1hJS1 N : i . s 050 1.00 025 1.75
Draviation (F, 40 Ferd = | = raliable EEC. §F iz the fraquency of the part of the alectrical zrid within the BEEC
N (Hz).
Eu.d—R_EL"__'! hlembers BMA = MNiremotely controllloads P‘en:&n;tage of REC loads (mmcluding residential) remotely controllable throngh an 0.50 100 025 1.75
Antormation (EIVLAY Ngec loads APT (4).
Mew Enerzy Felated Mumber of energy G provided by REC to the stakeholders and end-FEEC
= ERS = Nasrvices nec—members services provided By REC o  and e 0.75 0.75 0.25 1.75

Sarvices (ERS)

hlembears market-related, remote monitormg, ete).
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frequency, namely the number of articles in which the KPI was defined through mathematical formulations).

KPI Formula Definition uc TC F MCA Score

Anmal Energy . . .

= Diiffarance betiveen the total yearly imcomes and the expenses menrred for snergy

: AEC = E. P — I'mc; o 15
{Cashﬂm*. E ] ZJ_ ey om amd Inction (€/year). 0.7 075 1.00 2.50
Businazzasz } - . -
Creation (BC) BC = Npus.meec MNumber of new busmess=as created within the FEC design and daplovment. 0.75 1.00 025 2 00
Capatal Imtal costs meuwrred for the development, comstruchom, and installation of
Expenditure CAPEX = Z Cin infrastrocture and egquipment necessary to generate, store, and distribute renewakle .50 0.75 0.25 1.530
{CAPEXD) i energy (S
Eco i P;lfnﬁ Companson between project incomes and the system costs (&), where I 1= the
Sustainability EF = —::;r panisen bet L ; s 050 1.00 0.25 1.75
™ i mumber of years.
Factor (EF) TEL R
Share of E}_-.r (P — P) Parcentage of savings made by an indridual prosumer or consumer for trading energy
Individual SIS ===t in the REC a= compared to tradimg without the REC (%), where P, and P/ are thenst Q.50 1.00 025 1.73
Saving= (S3I5) =1 Fi costs for trading elactricrty withoot zand with the REC, for the i-th nzar
Commnumity
5 of E‘:'r: 1iPpspi — Fﬁqp.:‘j Sum of tha shares of individuzl =avings made by each local agent (DE0s) for trading _
Miarket CEMS = T - + vithin the REC (2 e cdto . o the REC (B - 030 1.00 0.23 1.75
Savingz i=1 Posoi EImECEY W = (P} as compar trading without the (Pasod ()
{CEME)
Economic _ . Yearly numbar of economic tool: generated by the FEC zuch az green or whita -
Incentives (ED ET = Naconomic tools.REC Fetas to dac e energy. 0.50 1.00 0.23 1.75
Bsi MNuraber of busmeass types 1mmvolved m the EEC. It ranges batwwean | and 5 based on
Divarsity (BD) BD = Npus type.REC the following typolesy of businesz within the EEC: public, mdustrials, consulting, 0_50 1.00 Q.25 1.75
B academics, SME, large antarprizes.
Ensargw Bills W i . . . .
Redition EBR = 1 FiL ) Coitlex—REC Fatio between the energy bills before the development of the EEC and energy bills 025 1.00 025 1.50
-7 E%‘I:ch:-“ﬂgr.:- after the creation of the EEC. I 1= the total mumber of users within the EEC (94). - N - -
}at Prosent " oF Feprezents the difference between the present value of cash mflows and the present
Vahazs (NPV) MNPV = —CAPEX +Z T—ay  velueofcashoutflows over the project’s lifetime (€). o is the anmusl discountrataand - 025 075 0.25 1.25
[T

i iz the year N corresponds to the duration of the observad timeafrarme.
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frequency, namely the number of articles in which the KPI was defined through mathematical formulations).

Top 10 Environmental KPIs based on the obtained MCA score (where UC is the Usages Coverage, TC is the Targets Coverage and F is the

KPI Formula Definition uc TC F MCA Score
i X
Em fal Impact ENVI = —— pollREC Envircrmental Impact m terms of tons per year of avoided M-specific pollutant (%5).  1.00 0.75  1.00 273
{EMNVT) f:ipuii.e.x—REt'
#-}w r:a:fz:;j;uh]jn N ] Azzezzment of the deplovment rate of low carbon technologies for transport (%6),
Tuﬁllm s LPTT = LT where Niee pubiic venicres 15 the sum of total public vehicles, and Npprpr s the 030 100 025 1.73
es deployment NrEec public vehicles o . -
rate (LBTV) mumber of low carbon vehicles within the EEC.
. . db Azzeazes the percentage reduction of
Heize Pollution NPR = ——=% dB due to REC actions (%5), where dB is the mean noize pollution registersd within  0.50 0.75  0.25 1.50
Feduction (ITPE) AdBay—_ger the REC
Biodiversity [mpact I Gathers mformation regarding possible disruption to biodrversity of local specias
D WEIEI Bl = SpEci az well as danger to cerizin animals and plants. Assessed by the member of animal 0350 075 023 1.50
= specias threatenad by REC actions, where 5; - ; rafers to the 1-th specie.
I Surface of area no more available for azrienltere or biediversity becawse of BEC
Use of Land (UsL) ral =  Ano more availi actions (M), Ay, ore avany Tefers to the 1-th surface within the BEC nomore 030 073 0323 1.50
= availakls for agricultirs or biodiversity.

Farth Element = As=zpes the resource consumption for the daplovment of EEC of tare sarth material

CDI"“; o) REEC = E kgraresareni (), where kg .a Tefors fo the ith rare earth element used for the 050 075 0.25 1.50
=1 deplovmment of the REC.
GHGE
CHG Emissions 7 GHG emizzions (carbon footprint) i the commmuty (kg of C02-2q.) 2= the zum of
(GHGE) =lons = Z 1[CGzeq.prﬂd.f the CO2 amission from production, operation and transportation of energy within 025 0.75 023 123
i=

+ CO02pg.0peri + Cﬂzeq.tmrw]

the EEC.

24
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frequency, namely the number of articles in which the KPI was defined through mathematical formulations).

Top 10 Social KPIs based on the obtained MCA score (where UC is the Usages Coverage, TC is the Targets Coverage and F is the

KPI Formula Definition ucC IC F MCA Score
R Azzees the representativenses of the people constifuting the local govemance team
E gt I E E
E‘E;j = s LR = ::Lm al Neoppee 15 the mimber of EEC members feeling represenfative by tha 30 1.00 025 1.73
HREC Eovemance team, whils Nye - iz the total mumber of EEC members.
Social Fnergy Nygsp.rEC Parcentage of the population fesling responsible (W, ..., ger) for their own enszgy _ .
Empowerment SEE = - n ! 0.30 1.00 0.25 1.73
(SEE) Nrec consumption (%)
Social
Buziness Mumber of social busineszes meluding consideration for anergy poverty (Bgp) and =
SBD = Bgr + B 23 T
Diaval EP FP fusl poverty (., ). 050 100 023 1.75
(SBDY
. i . Through survevs, this KPI indicates the degres of satisfaction of the population dus
£ E I N - = " =
Cés s on cs = Tsatisf.REC to FECz measures. Assessed m the percemtage of the population s:urveyed that 1= J_ 50 1.00 025 1.73
e Nrzc satizfied (Woasior mec) (%),
Local Employment Mumber of mewly created job by BEC staksholders (N, . pec), that are locally _ .
* LE = Nj : ' = - - -2
LE) Nisbz.REC deel _ 030 1.00 025 1.7
Consanmer Financial Nuill red . REC Parcentaze of BEC members with a bill reduction (Wi poq pec ) I cost per KWh -
CFB = —8M8M8M8— S PR 0.50 1.00 023 1.75
Benefits (CFEB) Naee al
Stakeholder Daversity of f stakoshalders (M, ;e pec ) Ivolied mn the BEC (large private _
cebiolders SD = Nityosmzc wessity of types of st 7S (N eypeaic) imreolved in (eEepiats hso 100 025 1.75
Dhvversity (SD) commpanias, SMEz, public crgamizations, ete ), from 1 o 4.
. Mumnber of mmovations (M, . .,.) such as products, services; and patents (N, 000000 _ o
Local Innovrations LI = IN; + M, 3 - . A
o ans {LI) Ninope ‘parents Srom local o ity and stakeholders. 0.30 100 023 1.7
Education Programe Mumber of new enerzy-related local eduwcational programs (Nog aeaoramseee ) _ o
EPD = Ngg prog 5 i ) 75
Devalopment (EFDY) £ programs.REC creatad within tha REC daplovment projact. 030 100 0.25 1.7
wrent Dhmamism EVD = Nevenrs.mec Muraber of project formms, workshops, saminars (VL 0. neo ) within the BEC. 030 1.00 025 1.73

(EVD)
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This comprehensive set is designed to assess various aspects of REC, offering a reference set of metrics that are categorized by sector, scope

of use, target, and control volume. The KPIs Reference List is intended to support different target groups through analysis across all phases of

REC projects while maintaining consistency in data requirements and mathematical definitions for various applications.

Sector . Control
EPI , Formula Definition Usage Target .
Domain Volume
Mimmanm value, m every tme step, between the energy Dz REC,
Shared Energy (2E) Energy SE = min (Efg, Erg) withdrawn from the alectrical zrind and the elsctriczl energy Ao £ Policymakers, FEC-To-Gnd
injectad to the grid (KWh). ) £ Stakeholders
Batic between the elsctrical emergy salf-comsumed phiz the
sharad energy and the elactrical enerzy produced within the EEC Dammin REC,
. . . : - E?
Salf — Conzumption Enersy SCR = r=1{fe:_.self—cnﬂs.r + 5E:) Esetr-conscs 5, A0 Egyenqr are IE.’.PEE‘h‘.'EI}' the =elf- Monitoring, Policymakars, REC
Eate (SCE) Yioa Eetprodr comsumed, the chared energy, and the electrical energy produced g arking Stakeholdars
within tha BEC at the timestep ¢ T 12 the temporal esctension in
which the KPT 15 evaluatad.
. T Fatio between the elactrical enerzy zelf-comsumed pluz the Plaming, REC,
P —— t=1(Eslsel + 5E,
;i]:; (:SR:I ; Energy 55R = Zi=u( E'"“"g“”“'f ) shared energy and the electrical snergy demand within the REC ~ Monitoring, Policymakers, REC
Y= Dr (%a). T 1z the temporal extension m which the KPT 15 evaluated. Benchmarlanz Ztakeholdars
Electrical Salf — T - .. Plannmg, EEC
E £l
Production Rate Enerey ESp — Er=l.m glprodt S:;a;]:léﬁl: ha%ie&;dad.dad 3= the temporal extension in Monitoring, Policymakers, REC Members
(ESP) EE:LDr W 15 evaluated. Benc} h.ng'ﬂ el ders
Gnd Enesgy T . Fato batwesn the enerzy taken from the gnid, the energy myectad .
=1l E, + E,
Interartion Factor Energy GEIF = Li1(Eetfoe + Eetege) to the zrid, and the elactricity demand of the REC (%).T is the ?@‘?”‘ REC, Policymakars REC
(GEIF) e=1D¢ temporal extension in which the KFT iz evaluated. )
Eatio between the electrical ensrgy withdrawn from the zmid . REC. REC
Synchronization Energy sve = b E-;.!.fg when electrical energy 1= alzo produced by the REC (E}, ;. ), and E mmguaﬁm . . REC
Coefficiant (3VC) - v, Eafg the cr'.-'e.mll alectrical aﬂg}'_I@@m from the.gnd (Eerrg) Ishnitm‘jné’ Sideaholders
(%), T'1z the temporal extanzsion m which the KPI 1= evaluated.
Qruantifies the need for energy storage svetams within the REC
Fnergy Storaze o5 ) ) comparing the elsctrical energyv swrplus at the tmestep
Opportunity Energy Esa ‘Z,.L‘“‘“‘[”’""”E(E-'-'E*'w tEuscaere) (g, ) the elactrical energy deficit (Egec gop) and the Operation S REC:im REC
(E2O) —.E'I-..I,__:-:_,Wum_rj elactrical energy charged or discharged at the timestep ¢ by
battertes within the BEC (Eppy cropagec) (KWL
Flaxibilite T Amrmal energy used within the EEC for flembility purposas REC
%o :neci FA) Energy FA = z[_=l Eftext (Erpe ) (EWh). T has bean added as the temporal extension honitoring Palicy . EEC-To-Gnd

which the KPT i1z evaluatad.
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steps, the KPIs have already
been categorized by Usage
and Target according to how
they were used in the articles
previously analyzed, here the
authors propose the Targets
and Usages they consider
most appropriate for each KPI
based on their knowledge of
the REC field. In addition, the
authors in this list propose
some new KPlIs or
modifications of existing ones
previously identified to fill
gaps in the literature and
improve the effectiveness of

the indicators.
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In the economic category, four of the KPIs were selected from the MCA results to ensure comprehensive coverage of the Usages and Targets.
KPIs such as Annual Energy Cashflow, Capital Expenditure, and Economic Sustainability Factor were not selected because they are necessary
to calculate broader KPIs like NPV and IRR, which provide more significant insights into the project's feasibility, despite lower MCA scores.
Indicators like Business Creation and Business Diversity were excluded in favor of KPIs that offer deeper insights into the impact of local

market implementation within the REC.

Sector Control
KPI . Formula Definition Usage Target .
Domain g g Volume
Eefers to the pericd regured for the savings and revenmumss REC. REC
Pavhack Time . Cy eenerated from the REC project to squal the mifial imvestment . '
- PET —— —————— =
(PBT) Economic Inc, — Exp, cost (v) Incomes and sxpenses must be actualized using the Planning Members, REC
¥ J ) Stakeholdars
discount rate.
Ensargv Bills : . E?:j_ Coillex—mECt S22 Econcmic EFIs Table. T has bean added as the temporal honitormg,
Reduction (EBR) L COmOmIC e exctension in which the KPl is svaluated Benchmarking oo empers RECMembers
I M Eefers to the averags cost per uwmt of ensrgy conzumed by the
Levalized Cost of ﬁ;L% oty over 2 fime wandow (V) of the energy system. Thiz Dlarmi
Enargyv Consumed Economic LCOEC = LEH:I metric considers all relevant costs, including capital expenditure B £ REC, Stakeholders REC
(LCOEC) rr-:'=L T +“ﬂ o (I}, operation and maintenanee (), and financing, spread out kang
orver the totzl enargy consumed by the commmumity (E, ) (€K Wh).
Share of Individuzl : _ Zin(B—F) S Operation, REC, REC
Savings (915) Economic 5l5 = El'=1 2 S2a Economic KPIs Tabls. Momitor Memshers EEC Mambers
Commmnmity Share N L .
- . i=1{Posoi — Posou
of Market Savings ~ Economic esms = 2= D50d ~ “bso:) See Economic KP1s Table. \??E‘.?‘“‘?”’ REC. :Ec REC Members
(CEME) Eis1Posoi Memitoring Members
Eeprozent= the revenuss pensrated through flebility services REC. REC
Fevemmes from . r (). Priey » 13 2 unit cost expressed in €/ kWhy,, and E,,., , is the o i .
Flaxibility (RF) Economic Rflex = z _ Priexe * Eftexe energy provided at the fimestep ¢ Py, is comprehensive both T OTIE Pz;:'“bm REC-To-Grid
of flexibility availability and activation. ymakers
T Rate of u cF It represents the discount rate at which the net present value BEEC.EEC
R (IRE) Economic 0= NPV = —CAPEX +Z I:l—f—}l?.ﬁ‘:l" (WEV) of all cash flows (both mflows and outflows) fom the Plannmg Ilambers, EEC
=t irvestment equals zero. Ztakeholders
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For the environmental domain, the authors selected 4 KPIs that capture the overall environmental impact of the REC, including land use (Use

of Land), pollutant emissions (GHG Emissions and Environmental Impact), and emission reductions from electric vehicle integration (Low

Carbon Public Transportation Vehicles Deployment Rate). KPIs such as Noise Pollution Reduction, Rare Earth Element Consumption, and

Biodiversity Impact were excluded because they provide more specialized information and are

assessments of RECs.

less relevant for general environmental

Sector Control
KPI . Formula Definition Usage Target .
Domain & g Volume
) T ) Planning
Emvarooomental . = Xpoll.rEC,t Sea Envirommmental EPIz Table. Thas besn addad as the tamporal o .
Impact ENVT)  CRvirommental Sl — A extension in which the KPI is evahuated B}"I““] ”“ﬁg REC, Poheymalers REC
Low carbon Public
Transportation — Momitori EEC.EEC
Vehicles Environmental LPTV = — — See Environmental KPls Table. s ”"ﬁg Members, REC
deplovment rate WREC public vehicles Policymakers
(LEFTV)
: ! i Plaming :
Uszz of Land (Uel) Environmental UoLl = Z Ano more avail i See Environmental KPls Tabla. \omitorin REC, Policymakers REC
=1 Monitoring
GHG Emizzions . GHGE = Z [Cﬂ g prads T 0205 poer s Sea Emvirommental KPPz Table. Thas been added as the tamporal Crperation, i
(GHGE) Emvirommental = exterrvion i which the EPY is evabumted. Monitoring DO Foneymakers REC

+ Cﬂzru [Fans .':I
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The selected social KPIs are designed to quantify the REC's impact on the local population, the awareness of their role, and the benefits of the

REC (such as Energy Poverty Help, Local Representation, Social Energy Empowerment, and Social Business Development). In contrast to the

Social KPIs Table shown as the result of the MCA, the authors also included indicators that address the critical aspect of monitoring and data

availability over time, represented by Open Data Access and Local Data Governance.

Sector Control
KPI . Formula Definition Usage Target .
Domain g g Volume
Jocial Enerpy Ny esp REC
Empowenmeant Social SEE = B B2 Soeial KPI= Table. honitoring REC Mambers REC
{EEE:I NREE
Social Business REC. REC
Davaloprment Social SBD = Bep + B B2 Soeial KPI= Table. honitoring i REC
(SBD) MMembers
Eeprazents the ration batwwesn mecomes of the EEC (REC,.) and
Enezgy Povarty Sorial EPH = —Cline - :f;:]e:mL Eiaﬁm iui?ﬁph?xr;:i:q h:f Monitoring, REC, REC REC
Halp (EPH) ~ MUC + Bpgrig Fre = grid - T SRSERS Benchmarking Members
many BEC memberz in energy poverty could be halpad by the
EEC.
Open Data Access Social 0DA = %ﬂ Parcentaze of anommmszed or zggrezated monitored data Wonrtormg, iﬂiiffnc REC
(0D RECdatn accessible to the public throngh an APT (%) Benchmarking Pelicy =
Indicates if a commmittes of cifizens and stakeholdars (industnal, REC. REC
Local Data - _ academics, social scientists, ate) has been established to work on . :
G 1DG) Socizl LDG = YesfNo i aspects of local data (sharing azreement. toring Planning E,E].;IE:{:,E$, REC
agreement, GDPR support, transparency, etc). =
Local L
: . Nrep rEC Wonrtormg, EEC, EEC
ﬁ!mﬁhuﬂ Social LR = E Sea Table 8. Benl Jeing Memhers EEC
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6) Conclusions

This study provides a comprehensive framework for assessing Renewable Energy Communities (RECs) by reviewing and categorizing 316
Key Performance Indicators (KPIs) across energy, economics, social impact, and environmental sustainability. After an extensive analysis, a
refined set of 117 KPIs was developed, culminating in a final list of 25 essential KPIs. These indicators are designed to guide REC planning,

operations, and benchmarking, offering insights for policymakers, stakeholders, and community members.

25 KPIs Reference List
Papers Exploration Sector Control
KPI . Formula Usage Target
251 — Scopus & Web Of  * Published since 2010; Domain Volume
Sci = Journal papers.
cence Shared Energy Energy SE Planning, Polify];:ncaiers REC-To-
Papers Screening (SE) = mini{Es,, E,g)  Monitoring Stakeholders Grid
: . PBT REC, RE
151 — Scopus & Web Of " Full-text available paper 5 Payback Time . C . C, REC
. = Check  on  research MCAR | Economic 0 Planning Members, REC
Science domain esults (PBT) ="
: Inc, — Exp, Stakeholders
Papers Eligibility . GHGE
GHG ZT 4
. P th ke use of . = co2
53 — Scopus & Web Of KPIs in the context of the Emissions Environmental i=l( cawrodt ]\(/)[Per'étitu‘)n, P I‘REC,k REC
Science RECs 2. (GHGE) + €020y per ¢ onitoring  Policymakers
1 Availability is based on the Polytechnic of Turinand ENEA accessibility to research yzarte + COZeq' trans t)
2 Only paper that explicitly define and use KPIs are taken in account. . .
117 Unificated KPIs Social Energy . Nyesp rEC o REC
Empowerment Social SEE = N Monitoring Members REC
. (SEE) REC
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6) Conclusions

Top Downloads For:
ERM: Energy (Topic)

Recent Top Papers (s0 days) As of: 14 Nov 2024 - 12 Jan 2025

Fank  Paper Downloads

1.  Trzmsition linkers 213
UIf Erlandsson
Anthropocene Fixed Income Institute
Diate Posted: 03 Dec 2024
Last Revized: 12 Dec 2024

2. Emergy Security and Economic Growth: The Role 133
of Geopolitical Tensions
Khandzker |zhangir Alam, Aida Ashtari Makhaee and Hakan
ilmazkuday
Flarida International University (FIL) - Department of Economics,

Flarida International Univers ) - Department of Economics and

Flarida International University (FIL) - Department of Economics
Diate Posted: 13 Dec 2024
Last Revised: 13 Dec 2024

3. Pre-Holiday Effect in Commodities 103
Radovan Vaojtko and Dujava Cyri
Quantpedia and Quantpedia
Diate Posted: 12 Dec 2024
Last Revizad: 18 Dec 2024

Recent Top Papers (s0 days)

Rank

Top Downloads For:
Renewable Energy ejournal

As of: 14 Maov 2024 - 13 Jan 2025

Fapar Downloads
Carbon Impact of Intra-Regional Transmission 212
Congestion

Sarah Sofia and Yury Dvorkin
REsurety, Inc. and ohns Hopkins University

Date Posted: 14 MNowv 2024
Last Revised: 15 Mov 2024

Development and greenhouse gas emissions in 121
European countries

Oscar Claveria and Patar Sorid

ersity of Barcelona - Regional Quantitative Analysis Group (AQR-
IREA] and University of Zagreb
Date Posted: 06 Jan 2025
Last Revised: 06 Jan 2025

Recent Top Papers (80 days)

An open-access preprint community providing services to academic

schools & government institutions

Top Downloads For:

Environment & Public Health ejournal

A5 of: 14 Mov 2024 - 13 Jan 2025

4. Assessment of Renewable Energy Communities 100
Performance: A Comprehensive Review of Key
Performance Indicators
Lorenzo Giannuzze, Minute Franceseo Demetrio, Daniele Sakatore
Schiera, Samuele Branchetti, Carlo Petrovich, Angelo Frascella, Micola
Gessa and Andrea Lanzini
Independent, Independent, Politeanico di Toring - Department of
Energy, Enengy and Sustainable Economic Development EMEA,
Energy and Sustainable Economic Development EMEA, Energy and
Sustainable Economic Development EMEA, Energy and Sustainable
Economic Development EMEA and Independent
Date Posted: 21 Nov 2024
Last Revized: 26 Mow 2024

Assessment of Renewable Energy Communities 100
Performance: A Comprehensive Review of Key
Performance Indicators

Lorenzo Giannuzzo, Minuto Francesco Demetrio, Daniele Sabatore
Schierz, Samuele Branchetti, Carlo Petrovich, Angelo Frascellz, Nicola
Gesza and Andrea Lanzini

Independent, Independent, Politecnico di Taring - Department of
Energy, Energy and Sustzinable Economic Development EMEA,
Energy and Sustainable Econocmic Development EMEA, Energy and
Sustainable Economic Development EMEA, Energy and Sustainable
Economic Development EMEA and Independent

Date Fosted: 21 Mov 2024

Last Revised: 26 Mov 2024

Rank  Fapsr Doemloads
L. Resilience and Emergency Response in Extreme 121
Wildfire Events: The Casze of the 2023 Maud
Wildfires
Karim Hardy
Embry-Riddle Aeronautical University
Diate Posted: 14 Moy 2024
Last Revised: 16 Dec 2024
2. Assessment of Renewable Energy Communities 100

Performance: A Comprehensive Review of Key
Performance Indicators

Lorenzo Giannuzzo, Minuto Francesco Demetrio, Danigle Salvatore
Schiera, Samuele Branchetti, Carlo Petrovich, Angelo Frascella, Micola
Gesza and Andrea Lanzini

Independent, Independent, Politecnico di Torino - Department of

Energy, Energy and Sustainable Economic Development EMEA,

Energy and Sustainable Economic Development EMEA, Energy and

Sustainable Economic Development EMEA, Energy and Sustainable
conomic Development EMEA and Independent

Date Posted: 21 Mov 2024

Last Revised: 26 Mov 2024

On the United States, China, and COP29: Assessing 25
the State of International Climzte Progress After

Balku

Mark Mevitt

Emory University School of Law

El
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Energy KPIs Economic KPIs

REC !
32% rec I |
4 REC Member [N —
policy Maker | [ ]
Stakehotder —
0% 1080 i 3004 4004 hlik] 0% 1084 2095 300%4q ELiL S00g
Stakeholder REC Member Environmental KPIs Social KPTs
25% 13%
rec O
REC Member [N L —
., policy Maker [ ]
Sy S ey
30%
Policymaker 0% 10% 20% 30% 40% 0% (% 10% 20%% 0% 40% 50%

Energy KPIs are primarily directed at the REC or REC manager (34%) and policymakers (33%), with a smaller focus on stakeholders (almost 27%), and very little
interest for REC members (6%);

Environmental KPIs show a similar trend, with a minimal focus on REC members (4%), and balanced distribution among other targets (30-35%);
Social KPIs, however, show a more balanced distribution across REC (30%), policymakers (28%), stakeholders (22%), and REC members (19%);

Economic KPIs are mainly directed to the REC and stakeholders (31% each), with less focus on REC members (22%) and policymakers (17%).
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Targets

REC
32%

4

Stakeholder
25%

30%
Policymaker

REC Member
13%

Stakeholders

21.51%
WEnergy © Economic M Eovironmental M Social

BEC Members

16.6T%

5208%

2917

2,08%
B Energy ¥ Ecomonuc ®Environmental 8 Social

Policymakers

36.2T% 45 10%

T.84%
10,78%

® Energy Econonne B Environmental B Social

REC
3wus:-'-‘ . 41.23%

6,14%
17.54%

¥ Energy Econonne W Environmental W Social

Social KPIs dominate those addressed to REC members (52%). Energy and social KPIs are more frequently directed toward the REC,

policymakers, and stakeholders, while environmental and economic KPIs, on the other hand, are less prominent, except when economic KPlIs

are directed at stakeholders or REC members.
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