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IEA Photovoltaic Power Systems Programme (PVPS) :(;‘I‘

* The International Energy Agency (IEA), founded in 1974, is an autonomous body within
the framework of the Organization for Economic Cooperation and Development
(OECD).

» The Technology Collaboration Programme (TCP) was created with a belief that the
future of energy security and sustainability starts with global collaboration. The
programme is made up of thousands of experts across government, academia, and
industry dedicated to advancing common research and the application of specific energy
technologies.

» The |IEA Photovoltaic Power Systems Programme (IEA PVPS) is one of the TCPs within
the IEA and was established in 1993.

» 32 members - 29 countries, European Commission, 2 associations

* “To enhance the international collaborative efforts which facilitate the role of photovoltaic
solar energy as a cornerstone in the transition to sustainable energy systems”

PVPS



|
IEA PVPS Tasks (;‘l‘
» Task 01 — Strategic PV Analysis & Outreach

» Task 12 — PV Sustainability

» Task 13 — Reliability and Performance of PV Systems

» Task 15 — Enabling Framework for the Development of BIPV

» Task 16 — Solar Resource for High Penetration and Large Scale Applications

 Task 17 — PV and Transport

» Task 18 — Off-Grid and Edge-of-Grid Photovoltaic Systems
» Task 19 — Photovoltaic Integration in Electricity Networks and Markets

» Task 20 — Energy Hubs & Green Hydrogen
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IEA PVPS Task 17: PV and Transport

PVPS

« Participating countries

Australia

Belgium

France (TM)
Germany

Japan (TM)

the Netherlands
Portugal

Spain

Sweden (new member)
Switzerland

Turkey (new member)

‘%

* The goal of Task 17 is to Deploy PV usage in the transport, which will
contribute to reducing CO, emissions of the sector and enhancing PV market
expansions.
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Task 17 technical

reports: VIPV

PVPS

State-of-the-Art and
Expected Benefits of
PV-Powered Vehicles
2021

e

Technology Collaboration Programme

Expert survey on
technical require
of PV-powered
passenger vehicl
2024

ments

es

Irradiance and
Temperature Uniformity
on Vehicle Roof

2025

Challenges Associated
With the Market Entry of
Vehicle Integrated PV
(VIPV)

2025

Roport EABUPS T17.6:2025

https://iea-pvps.org/research-tasks/pv-for-transport/

PV System Technology
Considerations for
PV-Powered Passenger
Vehicles

2026

Report EAPUPS T17.7:2028

.
RO e .

VIPV as Energy Sources
in Disaster Zones
2026
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G‘ Internaticnal Energy Agency
e . Photovoltaic Power Systems Programme

PV-Powered Electric Vehicle
Charging Stations
Preliminary Requirements and
Feasibility Conditions

2021

Report IEAPVES T17-02 2021
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G‘ International Energy Agency
- g Photovoltaic Power Systems Programme

PV-Powered Electric
Vehicle Charging
Stations

Requirements, barriers, solutions
and social acceptance

2025

Report IEA-PVPS T17-04:2025

https://iea-pvps.org/research-tasks/pv-for-transport/

PV & Transport

PV-Powered Charging
Stations:

Sizing, Optimization and
Control

2026

Report IEA-PVPS T17-8:2026



Task 17 technical reports: Fact Sheet
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Fact Sheet: Vehicle-Integrated PV, Status and Perspec}ﬁf
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International Energy Agency
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VIPV: A promise for more sustainable
electric transport

VPV is 10 be the next wave to make
wansport more sustainable.

‘The transport sector is getting cleaner as EVs boast a global market share of currently over 20%and are on pace 10 rapidly replace vehicles
With Internal Combustion Engines (ICE cars).

This leads to a drop in emissions as fossil fuslis being replaced by electriciy. Having &
more L Electic 50 consume only
the energylkm compared to ICE cars.

VIPV promises to make transport even more sustainable, as its onboard PV can generate
a significant part of s electicity needs, with low CO; emisslons. There are also
practical benefits, as a VIPV EV needs to be recharged less often. VIPY.

local PV is used to o

VIPV as a fuel saver on trucks and buses already today offers an atractive rewr on
ners. VIPY on boats, rains, and aircraft also has great potential but
s not addressed in this facishee,

Advantages of VIPV

®  costand independence: VIPV on normal EVs will give divers a greater autonomy. will have them need to charge less often and
= v aclean sheet” o opt g
VIPV, these benefits will bigger, and VIPV will also have a VIPY can reduce
for and for grid capacity exp:

e ) electricity generation may decrease this number down o some “net 9 kwh/100 km,
For reference, 14 KWN/100 km IS considered quite efficient today for a mass-market EV (NUps:/iev-database. org). For the
anspor sector, VIPV represents & huge untapped efficiency potential

sy HIIn EMcleny: THAIKS 0 more ficien el gesin. SO EVS may consume ony aroun 1 K160k, e opoara

% €O, Emissions Reduction: VIV offrs low carbon elecircity in most markets. while countries with low grid emissions may see
. 1 minimal net benefits For passenger cars in Japan, VIPV can feduce emissions by up to 220 kg COpegyear.

autanomy: Oapening on locaton and wetmaiogy, | I
VIPV on optimized solr passenger H
w1 s around 4 300 scla Kpest (topencing onthe. &
architecture, with shading losses estimated at 30%). E
H

2

ase U vives - 105 oy o Bgiaing Of Lt

u@g@

‘early distance covered by VIPV in Pars vith Lightyear O
‘main characteristics: 0.981 KWp (midife)/1.05 kWp (best
of fife) solar 100, 10.9 KWH/100 kim consumption. and

60 kWh baery.

‘Source: Presentaiion by CEAINES al the Task 17 Workshop in
Lyon, Aprl 9", 2024

* IEA (2024), World Energy Outlook 2024, p. 159.

2 ute electricity produced by VIPV does . although lower than grid emissions for most countrics.

* Lightyear 0 case (see below): Based on . of which ~ solar the 10.9 1, thanks to
VIPV, come down (o (100/118)°10.9 = 0.92 kWh/100 km.

* Task 17 PV and Transport - State-of-the-Art and Expected Benefits of PV-Powered Vehicles, page 7.

Vehicle-Integrated PV: Status and Perspectives

VIPV'’s value proposition

i s uck
YL generosae ety it ol Cost saungs alow ot & payack me 1.4 yeas. I s estmatd ht
=T ety housands of VIPY rucks are on he road every day

e VIPV on trucks and light commercial vehicles: solar Danels o0 uck cains, rders and K commerc

VIPV on buses: Electric buses equipped with PV could achieve 3% solar-powered annual mileage in
Europe (relatively loss surface availablo compared 1o trucks).

Vehicle-Integrated PV: Status and Perspectives

Progress on technical challenges

ot ‘Solutions have been proposed for optimal
electricity generation, taking into account
shading and variation in PV orient

Optimizing Power Management: by designing
efficient power electronics and efficient pover
systems and nanery architectures to complement
u fic

he "blank sheet s PV approach

VIPV technology is ready for pilot line production.
‘@ The next step Is to Increase the number of road
)

tests with manufacturers and drivers 1o start
- gaining the experience necessary for mass-market
uptake.

Manutacturing of a Lightyear VIPY panel in the Netherlands.

Technical Insights

Current Trends: Crystalline siicon (c-Si)
dominates the market for VIPV technology
today, but tandem and perovskite
technologies are expected (o grow
significantly by 2030, driven by their higher
efficiencies and smallcarbon foofprint.

ifiency Goss: urert Py ysims

technologies may exceed 30% by 2030.

Preferred Cover Materlals:
Glass for the roof for durabilly and
eftlency polymerfor dors bonet.and
boos 1o reduce weigh, lo enable curved
docigns, an o pedesitan saer,

System Aesthetics: BC (back-contact)
technology is preferred for its minimal
visible metallization and aesthetic
appeal

Intermediate Battery Storage: Using a

low-voltage battery for storing solar
e electicity when parked combined with
periodical transfer (o the HV battery
will reduce system base losses.

Weight Constraints: Flexble PV panels
‘make it possible to not add too much
weight o  vehicle.

Road to market uptake

), Recucing costs: eV imovsors e ana
D\D\D’ Coson 2.5, " Usompiorp
&}

may
a3 Ch s el 5 ey rom e 1 500 wip system may generate 200 kWNyv of usable electriy
For alfespan of 15 year

Market Adoption: Itis woth noting that VIPV performances are closely linked to the type of vehicle, region, and use:
ase. Hence, manulacturers and divers are invited (0 study if the conditions are met for VIPV to bring value.

1 regulators would impose sricter efficiency crteria for vehicles, VIPV's contribution (o the vehicle's electricity needs wil
be relatively more important and could help o achieve a lower “net” KWhI100 km consumption from a system's.
perspecive.

About IEA PVPS Task 17

‘The 10 countries conducting research in Task 17 aim to clarify the potential of the utiization of PV in ransport and to propose how 10 proceed
towards realizing the concepts.

Task 17 is complementary 1o other global initiatives on VIPV:

« PVinMotion on solar mobility

« Asom. Solar Mobilty, is a p foster the. t Industry.
« VIPV is also recognized as a topic in the Horizon Europe Work Programme 2025 Cluster 5 and in the EU Solar Energy Swrategy from 2022.

ifyou are interested explore Task17:

Follow and subscribe!

il »)
o6

Author: Paul Kaaljk, ADEME, France

https://iea-pvps.org/wp-content/uploads/2025/08/Fact-Sheet-Task-17-PV-Powered-Vehicles.pdf




Fact Sheet: PV-Powered Charging Stations, Sizing, :
Ootimizati | Control

p\V/DQ

PV-Powered Charging Stations

What is a PV-Powered Charging Station?

APV-powered charging station combines solar electricity generation with
electric vehicle (EV) charging and intelligent energy management. Depending
on local conditions and user needs, these systems can operate grid-
connected or off-grid and may integrate battery storage and Vehicle-to-Grid
(V2G) functionality. *

Why PV-Powered Charging Matters

‘The rapid expansion of electric mobiliy is increasing electricity demand worldwide. PV-powered charging stations
enable the use of locally generated renewable electricity for EV charging, helping to:

o 2 | ®

4
lower

reduce CO, minimize grid reduce energy optimize charging
dependence on
emissions el fuels congestion losses infrastructure
investments

Through smart coordination of PV generation, storage, and charging demand, PVCS can support both energy and
mobility transitions.

Smart sizing for workplace charging

Aworkplace charging facility in southern France was analysed using six years of operational data. including more
than 32 000 charging sessions from over 350 EV users across approximately 80 charging points. The study
compared uncontrolled charging with solar-aligned smart charging strategies [1).

Key outcomes:
Smart charging strategies can reduce required PV capacity by up to 50% compared to basic approaches.
Aligning charging demand with solar production significantly lowers infrastructure needs.

Modular sizing allows fast replication across multiple similar sites.
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Figure 1: Interactions of the EVCI's stakeholders

PV-Powered Charging Stations
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Cost and emissions optimization

Designing an efficient PV-powered charging station requires balancing both economic and environmental objectives.
The optimal combination of PV capacity, battery storage, charging infrastructure, and grid interaction depends
strongly on local operating conditions, electricity prices, mobility patterns, and solar resources [2, 3]

Case studies demonstrate that no single system configuration is optimal for all applications. Instead, PVCS design
should be adapted to the specific site and charging profile to achieve the best balance between cost, renewable
energy use, and emissions reduction

Component optimization Economic Impact (LCOE) Environmental Impact (LCE)

Lowers L Energy over qrid

Increased PV Capacity time. mixes

e satery storage Increases il captalvesument  Lovers LieCycle Emissions by capting
st xcess solar.

a
the system.

Key outcomes:
Larger batteries reduce life-cycle emissions; increased PV capacity lowers energy costs.
Grid interaction generally improves both cost and environmental performance

Site-specific conditions strongly infiuence optimal system design

Vehicle-to-Grid (V2G) integration
Vehicle-to-Grid (V2G) technology enables electric vehicles to act not only as electricity consumers, but also as

flexible energy resources. When connected to a charging station, parked EVS can temporarily store excess solar
electricity and feed electricity back to buildings or the grid when needed [4]

ol

o souces Subic gra
- PV generation, stationary storage, electric
g \L T § l vehicles, and the public grid are connected
8 3 through a common DC bus. Bidirectional power
oc bus flows enable EVs and battery storage to act as
flexible energy resources, supporting charging
T \L demand, renewable energy integration, and grid
Evs

sanna

interaction.

Stationary storage

Figure 2: Scheme of PV-powered charging stalion wilh V2G service

b

PV-Powered Charging Stations

Key outcomes:
Parked EVs can provide flexibility and grid services.
Large-scale V2G applications (campuses, fleets) deliver the strongest benefits
Smart scheduling minimizes costs while respecting user requirements.

V2G can improve the integration of renewable electricity, increase system flexibility, and support more
efficient operation of PV-powered charging stations.

PVCS for electric buses

Electric buses are essential for clean and efficient urban transport. Integrating solar PV into bus depots can reduce
operational emissions, lower electricity costs, and support the transition to low-carbon public transport [5].

The report analyses how PV-powered charging stations can be optimized for electric bus depots, considering
battery size, charging power, grid interaction, and solar generation.

Key outcomes:
Electric buses significantly reduce tailpipe emissions and improve urban air quality.
Charging strategies involve trade-offs between battery size, grid impact, and infrastructure cost.

PV integration reduces CO; emissions and peak demand, though seasonal variability requires storage
solutions,

Want to know more?

If you are interested in more insights and detailed data, explore the full "B\
rging Stations: Sizing, Optimization and Gontrol” report.

About IEA PVPS Task 17 (/) Fpowend charging

- () S Spumiaon ana
IEAPVPS Task 17 explores how PV can support the decarbonisation of transport by S oo
integrating solar energy into electric vehicles, charging infrastructure, and mobility 8
systems, while providing technical knowiedge and practical guidance for their large- —
scale deployment
Follow and subscribe! m ° o

B PhotoFront Page:
STELLA Smart Tansport and Enersy

Author Ut oot

Amalie Alchami, Avenues, Université de Technologie de Compiegne, France

https://iea-pvps.org/wp-content/uploads/2026/07/Fact-Sheet-Charging-Stations.pdf




Task 17 Subtasks & Objectives

PVPS

Subtask 1: PV-Powered Vehicles (VIPV)

To recognize current status and future potential of PV-powered vehicles

To identify requirements, barriers and solutions for PV-po
To clarify expected contributions by PV-powered vehicles
To clarify expected benefits for users and industry by PV-

Subtask 2: PV charging systems and PV power infrastruct

Resilience & Sustainability
- Common issue

To explore how PVCS can optimally utilize solar energy t
To understand how intelligent charging systems can adapt
To identify key metrics for efficient PVCS operation

To explore the financial and environmental impacts of PV&

\

(ua

J

To examine how advanced technologies—such as vehicle-to-grid (V2G), battery swapping, artificial intelligence (Al), and peer-to-peer
energy trading—can be integrated on PVCS

Subtask 3: Potential of PV integration into the transport

Develop and describe customer potentials of VIPVs

Evaluate and describe challenges for the market entry of VIPV’s

Evaluate and describe market niches for VIPV-application in vehicles/ boats and planes
Dissemination strategies for VIPS

Elaborate the potential of light-weight VIPVs in industrialized and developing countries
Describe challenges and chances of grid integration of VIPVs

Subtask 4: Market analysis and business approaches for VIPV & PVCS
Assess current market trends, identifying key players, and exploring innovative business models that leverage the integration of photovoltaic

systems in EV applications

10



www.iea-pvps.org

Thank you
Keiichi Komoto . keiichi.komoto@miyazaki-u.ac.jp
Berk Celik . berk.celik@utc.fr
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