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Introuduction

• Goal: Map the state of knowledge on Battery Energy Storage Systems (BESS) and 
Electric Vehicles (EVs) in energy communities with a focus on Swedish relevance.

• Sweden’s goal: Net-zero emissions by 2045 and a 100% renewable electricity system 
by 2040.

• The challenge: Managing the variability of renewable energy requires innovative 
flexibility solutions like aggregated BESS and EV charging.

• A synthesis study of 218 peer-reviewed scientific publications



Key findings

• Research on energy communities has accelerated markedly since 2019, yet most 
studies prioritise PV–BESS at neighbourhood level; integrated electricity–heat–mobility 
solutions and multi-actor coordination remain comparatively scarce. 

• Methods skewed to scenarios and optimization, as scenario analysis and MILP/LP 
dominate; empirical validation, long-term evidence and shared datasets are limited. 

• EVs underused as flexibility resources. EVs are often modelled as loads rather than 
controllable assets (smart charging, V2B/V2G), leaving value-stacking opportunities 
underexplored. 

• Environmental questions are studied more consistently than social justice, governance, 
and practical regulatory implementation.

• Sweden is still underrepresented in the literature, with only nine papers in the 
database explicitly involving Sweden



Methodology

• Systematic Literature Review Process

• Review of 218 peer-reviewed publications from 2016 to 2025.

• Databases used: ScienceDirect and IEEE Xplore for targeted energy engineering and 
socio-technical research.

• Selection criteria: Focused on community-scale systems with distributed resources and 
flexibility services.

• Multi-dimensional categorization: Papers tagged across Technical, Economic, Social, 
and Governance (ESG) dimensions.



Database Technical Economic ESG

Technologies Scope Indicators Methods Environ. Social Gov/regel.

PV,BESS
EV 
HP,TES,CHP, 
DH, DC, FC

E prosumer
Community E
E transition

NPV
IRR
DPP
LCOE
SCR/SSR

MILP
Scenarios
ABM
LCCA
SD

Emit. reduc.
E transition
Climt. Chang.
Local benefit
Circular ecm.

E justice
Com. engage.
Social accep.

E demarcrocy
E policy
Reg barriers
Market desig.

PV, BESS, EV
Wind, CHP
HP. Hydro

Microgrid
Control desig.
VPP
E trading
Grid integrat.

Sys cost min
Ope cost min
NPV
Rev grid serv

MILP
MPC
RL/ML
Stochastic
Game theory

Emit. reduc.
RE integra.
Peak L reduc.
E efficieny
LCA

User behav.
DR particip.
Tech adop.

Grid codes
Markt partici.
Tariff

Methodology

Research landscape on Energy Community: Keywords screening matrix

Much Medium Few



Database Technical feasibility

Technologies Scope

Rooftop PV system
Battery Energy Storage System (community-owned)
Electric Vehicles 
Heat Pumps,Termal Energy Storage, Fule Celss
Combined Heat Power, District Heating/Cooling

Energy prosumer (residential buildings)
Community Energy (residential/public buildings)
Energy transition (neighbourhood)

PV, BESS, EV
Wind, CHP
HP. Hydro

Microgrid
Power grid control design
Virtual power plants
Energy trading (peer-to-peer)
Power grid integration

Methodology

Research landscape on Energy Community: Keywords screening

Much Medium Few



Database Economic viability

Indicators Methods

Net Present Value
Internal Rate of Return
Simple/Discounted Payback Period
Levelised Cost of Energy
Self Consumption Rate/Self Sufficient Rate

Mixed Integer Linear Programming
Scenario analysis
Agent Based Modelling
Life Cycle Cost Analysis
System Dynamics

Power system cost minimisation
Power system operation cost minimisation
Net Present Value
Revenue from grid services

Mixed Integer Linear Programming
Multi-Purpose Control
Reinforcement Learing/Machine Learning
Stochastic methods
Game theory

Methodology

Research landscape on Energy Community: Keywords screening

Much Medium Few



Database Environmental, Social, Governmental/regulatory aspects

Environ. Social Gov/regel.

Emission reduction
Local benefits
Energy transition
Climate Change
Circular economy

Energy justice
Community engagement
Social acceptance

Energy demarcrocy
Energy policy
Regulation barriers
Market design

Emission reduction
Renewable energy integration
Peak load reduction
Energy efficiency
Life Cycle Analysis

User behavior
Demand response participation
Technology adoption

Grid codes
Markt participation
Tariff

Methodology

Research landscape on Energy Community: Keywords screening

Much Medium Few



Methodology: someting is new

• Innovative Analytical Framework: Combined traditional evidence synthesis with NLP-
based text mining and topic modeling.

• Hybrid Human-Machine Analysis: Manual annotation: Expert review of a 40-paper 
sample to establish "ground truth".

• NLP-powered classification: Automated categorization of the remaining papers using 
supervised algorithms and topic modeling.



Deliverable: knowledge database



Deliverable: knowledge database



Deliverable: knowledge database



• E.g. I want to read 
about papers that 
study batteries at 
district level with 
prosumer perspective

• E.g. I want to check if 
the data used in this 
paper is open data or 
not

• E.g. I want to know if 
the study is pure 
technic paper or 
social governmental 
study paper

Deliverable: knowledge database



Analysis: publication landscape

Sharp acceleration post-2019

Peak in 2023 with 59 papers — driven 
by policy shifts and funding for 
decentralised energy

2025 partial year (until May)

The field is still young but expanding 
rapidly



Analysis: publication landscape

• Technical dominance: PV & Battery 
are the most common focus, while 
integrated heat-electricity-mobility 
solutions are rare

• Research theme: Prosumer & 
transition studies

• Research Method: Scenario & 
simulation

• Geographical scale: Neighbourhood



Analysis: publication landscape



Technology Focus: PV Dominates, BESS Rising Fast
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PV + Battery is the most common pairing 
(126 co-occurrences)

EVs still underexplored — often modelled 
as loads, not as controllable flexibility 
assets
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Research Landscape: Methods & Scales
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Scenario analysis + MILP dominate  ·  Empirical validation is scarce  ·  Only 23% of technical papers share 
open data (see next slide)
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Analysis: publication landscape



Research Themes & ESG Balance

198
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Prosumer Transition Optimis. Flexibility Sharing Control Trading

Research Themes ESG Priorities (# as primary focus)

Environmental 142

Governance 124

Social 107

Social & Governance Detail

Community engagement:  107
Market issues:  124
User behaviour:  79
Business models:  117

Social acceptance:  77
Policy:  93
Energy justice:  73
Democracy:  79
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Analysis: publication landscape



Semantic Clustering: Six Research Orientations

C1 (67) Tech & Operations

Battery, grid, storage, demand, renewable. System design and 
optimization.

C2 (60) Policy & Social Transition

Business, policy, social, transition. Governance, collective 
action.

C3 (9) Cost-Benefit & Markets

Cost, market, generation, storage. Techno-economic 
evaluation.

C4 (29) Building-Level Sharing

Building, sharing, storage, economic. Peer-to-peer models.

C5 (35) Consumer Value & Equity

Consumer, value, solar, market, cost. Fairness of cost-sharing.

C6 (10) Empirical Case Studies

Case, member, operation, policy. Practical validation — still 
rare.
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Semantic Clustering: Six Research Orientations



Analysis: publication landscape



Opportunities for Sweden

Co-optimise BESS + EV

Combine community batteries with smart charging and 
V2B/V2G for peak shaving, arbitrage, and ancillary services

Exploit Sector Coupling

Leverage district heating + building stock for PV+BESS+heat 
pump integration; absorb surplus at negative prices

Evidence-Rich Pilots

Shift from simulations to monitored demonstrators with 
open data, standardised KPIs, and multi-year reporting

Fairness by Design

Embed governance, cost/benefit sharing, and protections 
for tenants and low-income households from the start
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Who Can Use These Results?

Policymakers

Create regulatory sandboxes for PV-BESS-EV assets; design 
dynamic tariffs that reward flexibility; mandate standardised KPI 
reporting; fund sector-coupling pilots

Industry & Developers

Deploy co-optimisation controls for PV/BESS/EV; invest in open 
data interfaces and KPI dashboards; design business models 

around value-stacking; target mixed-use communities

Researchers

Run longitudinal field studies on integrated systems; benchmark 
control strategies on shared open datasets; evaluate governance 
models experimentally; study transferability across contexts

Energy Community 
Members

Understand benefits and trade-offs of participation; advocate 
for fair cost-sharing rules; engage in democratic governance; 

demand transparency on performance and costs
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Who can use the results?



Discussion & Final takeaway

• Limitations of the study:
The review includes only English-language peer-reviewed literature. Grey literature was excluded. Very 
recent developments may not yet be fully reflected. And not all results from non-Swedish contexts will 
transfer directly to Sweden.

• The main takeaway is that energy communities are moving from a promising concept toward a practical 
transition tool, but the field is still dominated by modelling and partial system views.

• The next step is not more of the same. The next step is integrated, real-world, evidence-rich 
implementation that combines technology, economics, governance, and fairness.

• For Sweden, the opportunity is to use its strengths in policy, PV/EV integration, and social acceptance to 
lead the shift from theoretical potential to practical, scalable, and equitable energy communities.
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