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What is C37? 2

* Power System Sustainability and Environmental Performance

* Mission: facilitate and promote sustainable development of power grid
— Environmental and social impact (life cycle approach)
— Sustainability and climate change
— Stakeholder engagement, communication and public acceptance

* Focus on interaction between human and natural environment




Papers
* 69 in total, 5 from the Netherlands

e 24 for PS1
e 33 for PS2
e 12 for PS3

N

| PREFERENTIAL SUBJECTS \

C3

Power system
sustainability

‘ & environmental
performance

» Mitigating the impact from power system
infrastructure: new renewable generation facilities,
transmission and distribution. Preventive and
corrective measures: nature inclusive design,
commissioning, asset management and end of life.

» Offsetting measures & ecosystems restauration. Net
Zero impact and positive impact. How to mecisure?

» New standards regarding biodiversity.i.e. IPBES;
TCNFD.

» Identification, quantification and assessment of
impacts. Tools and methodologies. LCA approach,
considering climate change and beyond.

» Eco-design to reduce impacts.
» Innovcative solutions to enhance circularity.

» Reporting standards & regulation. Indicators.

» Stakeholder reporting requirements. Impact of
disclosure on social perception and acceptance.

» Value chain information, strategies and
methodologies to obtain complete and reliable
information.
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Papers from NL
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e " Study Committee C3
Power System Sustainability and Environmental Performance
10318_2026
R Climate Adaptation in Dutch Grid Infrastructure: A Guideline
e Robert-Paul van Campen - Alliander - rabert-paulvan.campen@grion.nl
10301 2026 Pierre tiskam - Stedin - peme oskam@stedin.net Based Framework with Adaptive Feedback

Study Committee C3 Towards a nature-inclusive grid network: Identifying grounds
for synergy in the Dutch grid operator sector

bility

Kara Huigen EREamtay and Soerd Nauta

Lights, camera, biodiversity! ROV video insights from an
Offshore High-Voltage Station and NIDs in the Dutch North Sea

EINGAL, E M. BITTHER, 0. KERMANS A, VAN VELDRLISEN, M. SCHILT,

Adiandar, ThaNether Gnds

. SWWINEELS, 6., MARSMA, 5. MULAND, B & BOS, ©. 6.
v

Waganingan Marine fasea el

Motivation

Offshore wind farms in the southern North Sea are
rapidly expanding and introduce large amounts of hard
substrate  into 2 predominantly  soft-sediment
environment. These structures may therefore function

as artificial reefs, increasing habitat heterogensity and ¥ < -+

enhancing local biodiversity for hard substrate dwelling L1000 wars 1100 yasrs

arganisms. Figuse 1= Thie expic tod maimem floadiag depth ia e Wt herands. T
ISawree: Stichel 5o T,

However, the ecological role of complex offshare
infrastructure, such as Offshore High-Voltage Station
(OHVE} jackets, remains poorly understood. This study
investigated the ecological implications of an OHVS
jacket with its associated  microhabitats  and
simultanecusly deployed artificial reef elements in the

How is biodiversity integrated into high-voltage substations in the Netherlands, and where do the greatest Ba:“round

’ H
apportunities lie for accelerating impact through sector-wide collaboration? + Climate change posesa risk tothe physical aisets

Heollandse Kust Noord offshore wind farm  (The in the elecricity grid due toa higher probability Figue 2 i foned
Metherlands] for guiding future Nature-Inclusive Desi ofedreme weather eve s it ooantation int o the 507 oy famwerk.
(NID) s:rmg]m g o Motivation Objects of Investigation
: « Difficulty to address dim ate change related
Blodiversity s becoming central in policy and infrastructure ¥ Scope: high-volt b In the Netherland: risks from an asset management point of view: Results
P P gt [1][5). Grid operators are already working on it extensively. [10kY — 380KV,
Objects of investigation Figure Z. ROV viden screenshots of the microhabitats. () Coated + Many elimate ehange related weather
) steel jocket, (B) Anode (C) Artificial reef element, (D) Gabion, {E] However: ¥ ODperators included TS0 TenneT and DSO Alliander, events.
Specue: as_semblage_s were assessed across seven distinct ‘Export coble, {F) Seour protection , and (G} Sanly seobed. Stedin, and Enexis. «  Aniterative framework to support the o eation
microhabitats associated with an OHVS jacket in the ¥ approaches differ across organisations + Broad range of expected fraguency and of quantitative risk analyses and associated
Hollandse Kust Noord offshore wind farm: ¥ How concrete biodiversity measures are part of the ragnitide per westher evert die to mitigation measures for climate cha nge related
Method * knowledge is not shared organisation. differe it scenarice . r-,ks .
+  lacketstructure (coated steel] .
Cathadic saertficlsl anade . ROVvid {aK): visual identification of Hthere | o Cier sectatiovenden * Many different asset designs which will ke *+ Exposuremapsare thefist step towards
. ¢ sacrificial anodes Al
fe saer matrofauna and fish around the microhabitats and Resuit: high effort, but limited collective learing and impact differently alfecizdby the westher amnty prioritizing what weather events to locus on.
+  Gabions {reck-filed cable protection artificial reef elements " " "
[l p ion) + The aimof thiswerkis toembed climate +  Many mitigation messres are already in place
*  Stour protection |granite substrate) +  SACFOR seale: abundance estimation of benthic Method/Approach Experimental setup Discussion adaptationinto the D50 asset policy fer climate changerelated rigks,
organisrs based on videos abtained . framework using a pragmatic and adaptive
+  Exportcable Mixed-methods approach: c along 5 L limits approach.
*  eDNAsampling: 1 Lseawater samples filtered (0,45 learmi d scali
+  antificial reef elements (blocks & reef balls) jam} e i ( } desk research, literature rasearch ¥ Ambition e
. # Monitoring differences are the
. V Gowvernance
Surrounding sandy seabed (reference habitat} +  Genetic analysis: COI {inverteleates) + MiFish (fish) ¥ survey {n = 16) main barrier to sector alignment od ch [ Conclusion ]
These habitats differ in substrate type, surface primers ¥ 4 case studies ! Design Method/Approa
complexity, and ecologleal function. Species prasance was compared across microhabitats Sy E— } Implementation Aqualitative and quantitative approach was + Climate adsptation in grid menagement requires
based on video data analysis and eDNA results. ¥ Monitoring choser: a risk-based and ada ptive approach.
¥ validation at CIGRE NL Seminar N —_— s " "
Test results + All electricity grid asiets were categorizedinto * Ouantitatively addressing the gaps inknowledge
four groups. regarding regional exposire levels and
Species richness was highest on artificial reef elements, Conclusion + Qualitative screening on what kind of climate vulner ability of different asset types is essential

gabions, and scour protection, and lowest on the expart for developing a climate-resilie nt grid.

change effects pesea ‘substantial risk to what
cable and surrounding sandy seabed. Complex hard

The Butch grid sector shows a strong shared ambition. Al sperators are moving towards nature-inclusive
aroup of assets; prior (qualitativel rick analyses,

However, for dirmate adaptation both the

substrates diverse by infrastructure and Net Gain. In practice, however, approaches differ. Blodiversity Is integrated in different ways, Inter viewswith experte helicapter view and the detaileriented view are
bluse mussel {Mytilus edulis) (for the jackets and anades], atdifferant moments, and with differant methods. As a result, progress is real but remains fragmentad. Valuable . L bl Importsnt
aneranes, hydroids, amphipods, crabs [Cancer pagurus, knowledge is created, but not easily compared or reused, and learning largely stays within organisations. Incrensing temperature, Flooding, Vegetotion :
Necove puber), and the common starfish (Asterias The challenge is not doing more, but connecting what already exists growth, mcreasing humidity, Sof subsidence, . B\rincn'pnfaﬁngqua\ilatiwe stepsto gal.h.erall.
rubens) [Figure 2). Fish communities showed habitat Wildfires and the Drying of soil expected risks and decide an what s pecific topic te
associations, with whiting pout occurring on  reef The key opportunity (s to move towards a shared system approach, where: focus the guantitative riks aratyses onfist, a
structures, howse mackerel around the jacket, and methods are aligned, data is comparable and leaming is collactive < Creting a campileddacument with 1 pre- steady developme nt of climate adaptationis
Figure 1. Pictures of the HKN OHVS jacket and associated common dragonet on the seabed. eDNA analyses . ¥ esisting mitigation mensuneato thaerids, snd ensured within the DSO.

microhabitats (seour protection rocks, filled gabion, anodes and complemented ROV observations by detecting In essence: from many good individual projects one coherent, nature-inclusive grid network = short-term goals in climate adaptation.

coated steel jocket, and ortificiol reef blocks befare instalment). additional invertebrate and fish taxa not observed in the +  Linking the framework o the exigting
video foatage. quantitative ‘Fisk analyss and policy’ -cycle.
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Paper 10302 — PS2 11084_2026
A Life-Cycle-Based Environmental Passport Role of SDGs in Shaping Sustainability in the Electric Power
for High-Voltage Substations Sector

R Fusa [Hanabs Enargy Solustions]; . Beyen, R Dijoar (Wistirsvans o
1P

Karavir (Reterdim UAS]; L den Bratjen TaneaTTS0], F. Misdal 16, Tal KATE,

The Nathistangs

Motivation Case Study: Halsteren 150 kV Motivation Method/Approach
+  Met-zero by 2050 requires rapid grid expansion; over . 150KV I High i The paper examines how the electric power sector 3
*  Using guantitative and qualitative evidence from
B70 pew HV/MV substations in the Netherlands T50), a eommeon Dutch station type, assessed during (EPS) is evolving in its alignment with the United sum’ Emmmeﬂ in 232., and mul complemented
alone, each with significant embodied carbon, eritical the design phase. Nations Sustainable Development Goals (SDGs), with bya Z\":ﬂ‘ e olnll the papes hi hIII htsf:ends n
raw materials and SF; impacts. & particular focus on S0GS 7, 9, and 13, identified as ¥ point, Pop! enile

corperate engagernent, best practices, and gaps

Data from BIM models, supplier raw material ke el
u erformance indicaters for electric  power
Y P ! between potential and actual contributions.

T50s lack a standardised wa\fm.summans.eand passparts (50% of primary compenents), with generation.
carmpare environmental impact in the design phase, ecoinvent / NMD datasets and expert judgernent
This study explores an envireamental passport to fill filling gaps.

that gap.

A Mixed Methods Approach to Measuring

‘Strategic Impact
Sector Alignment
Approach Key findings case study b @ @ preree

Practical case-study approach following the 150
14040 LCA framework: goal & scope, inventory,
Impact assessment, interpretation.

Impacts aligned with LCA method EN 1580442 (core
+ additional calegories), the ECI-AZ single score, and
& Material Circularity Indicator (8MCI).

Results aggregated o a single-page passport for easy
reading and comparison of design alternatives.

Scope of the case study

© Disciplines: civil & bullding (incl. terrain), primary, secondary
© Al-A3 production - A4-AS ransport & installation

© B (parth energy use, SF. leakage, 30-yr replacement, terrain

© C end-of-8fe - SD-year station lifespan

* Who you need: building the passport is inherently

y- designers, asset specialist
procurement and sustainability experts work
together, stimulating cross-disciplinary dialogue and
surfacing trade-offs that isolated analyses miss.

What the data books like: supplier RMPs covered anly
~50% of primary companents; data was not centrally
stored, material types were not linked te guantities in
the 3D export, and installation data was missing. Gaps
filled with ecoirvent/NMD datasets and expert
judgement.

What you can do with it: the passport makes
hotspots visible early [civil groundworks alone drove
~20% of GWP) and lets teams compare design
alternatives, read as indicative and scope-dependeant,
not definitive.

© Overhend lines, underground cables, telecom, EMC
© Central service bsiing & small components
© Grid & component losses during operation

© Stage O credits — already captured in MCI

2026 Paris Session
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+ By buiding on earlier OGRE work and
incorporating recent regulatory, financial, and
policy develupments, this paper provides an
updated and forward-looking perspective on SDG
integration in the electric power sector.

* It highlights how recent advancements increase
both the urgency and the opportunity for the
sector o it o
development through decisive, coordinated, and
collaborative action.

The Dual Mandate of the Electric Power Sector
The Global Gap The Sector’s Leverage
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11098
C3 Power System Sustainability and Environmental Performance

P S 1 —_— B i od ive rs ity PS1 - Biodiversity conservation & enhancement. Towards positive contribution

¢ T h e fOCU S IS m OVI N g fro m I I m Itl n g I m p d CtS Reconversion of Powerline Rights-of-Way: Biodiversity,

Resilience and Local Value in the Face of Climate Change and

to creating positive outcomes for Wildfires
biodiversity.

Pedro Margques™ Pedro Pacheco David Almeida

* Delivering biodiversity gains requires REN-Rede licwicn  REN - Rede Elictics REX - Rede lctrin
collaboration, good governance, and a B o B
WhOIe-IifecyCIe approaCh- pedro.marguesi@ren.pt  pedro.pacheco@ren.pt david.almeida@ren.pt

SUMMARY

¢ PO rtu g a I pa pe r CO m b i n eS b i Od ive rS i ty, The Portugnese transmission system operator, REN — Rede Elétrica Nacional (REN), manages

more than 33,500 hectares of Rights-of-Way (ROW). 66% of which in forest areas. including

Sta ke h O | d e r e n g ag e m e nt, eCO n O my Va | u e ; ecologically sensitive and fire-prone regions of the country. For decades, these corridors were

managed almost exclusively as technical buffer zones, subjected to periodic vegetation clearing

Cu Itu re h e rita e a nd Wi | dfi re roteCti O n fo r intended to maintain safety distances between conductors and vegetation However, the
g p intensification of climate change. the increasing recurrence of large-scale wildfires and the
. degradation of rural landscapes have revealed the limitations of reactive management strategies.
Ove rh ead | I n eS In response, REN initiated. in 2010, a long-term Inteprated Vegetation Management (TVM)
strategy, that transformed the ROW from passively managed infrastructure protection zones,
into actively managed, multifunctional corridors capable of providing social, economic and

environmental values. while strengthening the robustness of the electricity system.

This strategy includes the ecological reconversion of vegetation within the ROW. replacing
fast-growing exotic and invasive species. with native slow-growing species compatible with
electrical infrastructure. promoting grid resilience, operaticnal efficiency and biodiversity.
Between 2010 and 2025, REN reconverted 4,836 hectares, with the planting of over 1.6 M trees,
including 283 hectares reforested in 2025, The programme also relies heavily on collaborative
governance, with more than 25,000 landowners engaged over fifieen vears. ensuring social
legitunacy, operational contmuity and shared benefits. One of the most emblematic outcomes
of this approach is the restoration of the historic Ermelo Orange. a citrus variety introduced in
\ the thirteenth century and nearly lost due to rural depopulation.



PS2 - Life Cycle Assessment

 Life Cycle Assessment is a well-established key
tool for understanding and reducing sustainability
Impacts.

* Early-stage design choices, circular solutions,
and new technologies can significantly improve
environmental performance.

* Building a sustainable power system also means
Improving resilience to climate change through
long-term planning and adaptation.

* Discussion CO2eq (GHG) focus, or all impact
categories? - Various WGs on the topic, very
dynamic!

Paris Session 2026
August 23 to 28

Palais des Congrés, Paris, France

10962
C3 Power system sustainahility & environmental performance
PS2 Building a more sustainahble power system for the future

Life Cycle Impact Assessment and Weighting in Switching
Station: Insights from a Case Study

Reiko TAKAHASHI* Hideki NODA Norihire ITSUBO

Toshiba Energy Systems

& Solutions Corporation
Japan Japan Japan

reiko.takahashi.b?0@mail.toshiba hideki.noda.t533@mail.toshiba itsubo-n@waseda.jp

Toshiba Corpoeration Waseda University

SUMMARY

In the power industry, continuons commitments have been undertaken to reduce environmental
impacts throughout the entire life cycle. Initiatives for transmission and distribution (T&D)
equipment have focused on mitigating global warming by reducing conversion losses and
developing SFs alternatives, serving greenhouse gas (GHG) emissions the primary indicator in
environmental assessments.

As evaluatien has expanded to entire systems, the necessity of selecting diverse envircnmental
impact categories in accordance with assessment objectives has become increasingly evident.
Eco-design, aiming to minimize life cycle environmental impacts, requires informed decisions
on design and operational strategies. These decisions demand integration of multiple indicators
expressed in different units, typically achieved through Life Cyele Impact Assessment (LCIA),
which comprise characterization, damage assessment, and weighting processes, ultimately
yielding a single aggregated score. However, applications within T&D remain limited, and
methodological challenges are yet to be systematically addressed.

This study aims to investigate approaches for building an integrated environmental impact
assessment framework to support eco-design for T&D. The analysis targets 143 kEV switching
stations —Air-Insulated Switchgear (AIS) and Gas-Insulated Switchgear (GIS) with different
in configuration and installation areas. Using the LIME3 (Lifecycle Impact Assessment Method
based on Endpoint Modelling 3) methodology for integrated assessment, environmental
impacts were quantified across the enfire life cycle, including raw material extraction,
manufacturing, operation (conversion losses and sulfur hexafluoride (SFs) leakage), end-of-life
(EoL), and land development. The assessment encompassed GHG emissions and four areas of
protection. The assessment also considered electricity emission factors and the impacts of land
use for seven countries.

As results indicate, AIS exhibited greater power losses during operation, whereas GIS
emissions were primarily due to SFs leakage; overall, GIS showed a tendency toward lower



PS3 — Disclosing Sustainability

e Clear reporting and communication are
increasingly more important for gaining and
maintaining public trust and support.

* Companies are improving how sustainability
information is measured, reported, and
iIntegrated into decision-making.

» Stakeholders expect earlier and more
meaningful involvement in projects and their
environmental impacts.

* Great inter-sectional collaboration!

Paris Session 2026
Augnst 23 1o 28

Palais des Congrés, Paris, France

10891
C3 - Power System Sustainability and Environmental Performance

PS3 — Disclosing sustainability

Unlocking Resilience: Detailed Equipment Data for Future-proof
Transmission Grids

Marcela Gudrun Rodrige Renaund

MANTILLA= HOESKULDSDOTTIR LOPEZ DE JAMBLINNE
RTE Swissgrid Statnett Elia Group
France Switzerland Norway Belgium
marcela.mantilla@rte- gudrun.hoeskuldsdottir@ rodrigo.Jopez@ Renaud.dejamblinne @
france.com swissgrid.ch statnett.no elia.be
Valentina Arianna Riidiger Mercedes
SCHAFER GUARNERI BARTH VAZQUEZ
TenneT Terna Amprion Redeia
Germany Italy Germany Spain
valentina.schaefer@ arianna.guarneriy ruediger.barthig MMV AZQUEETT
tennet.eu terna.it amprion.net redeia.com
Elena Amélie
FJORTOET LAFRAGETTE
Statmett RTE
Norway France
elena.fjortoft@ amelie lafragette@rte-
statmett.no france.com
SUMMARY

The paper presents an initiative invelving several European Transmission System Operators
(TS0s) aimed at establishing a common data basis to enable an objective comparison of the
sustainability performance of produocts and equipment for transmission grids across multiple
vendors. Rooted in “The Greener Cheice” manifesto, the initiative leverages TSOs’
procurement activities to encourage greener manufacturing, services and logistics, supporting
Europe’s climate goals of reducing preenhouse gas emissions by 55% by 2030 and achieving
climate neutrality by 2050. It aligns with key EU regulations. including Corporate
Sustainability Reporting Directive (CSED), Net-Zerc Industry Act (NZIA), Ecodesign for
Sustainable Products Regulation (ESPR) and EU Taxonomy, and complements initiatives such
as ENTS0-E’s EDI Readmap.

1
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Active C3 Working Groups S -

 AG C3.01 — EMF and human health (permanent advisory group)
* (C3.22 — Vegetation management in substations
e (C3.25 — Eco-design methods for the power system (tutorial, next slides)

 B1/C85 — Environmental impact of decommissioning of underground and submarine cables
(finalization)

 A2/C3.70 — Life Cycle Assessment (LCA) of transformers

* B3/A2/A3/C3/D1.66 — Guidelines for life cycle assessment in substations considering carbon
footprint evaluation (convenor)

» C3/B2.24 — Methods of reducing electrocution of birds from DSO power lines

* C3/B2.95 — Impact of extreme weather events under climate change on high voltage overhead line
design standards

New WGs
 TOR JWG B3 C3 75 Guidelines for End of Life Treatment of Substations
e TOR-JWG A2 C3.79 Power Transformers and Reactors Sound Levels On Site

N



https://www.cigre.org/userfiles/files/News/2026/TOR%20JWG%20B3%20C3%2075_Guidelines%20for%20End%20of%20Life%20Treatment%20of%20Substations.pdf
https://www.cigre.org/userfiles/files/News/2026/TOR%20JWG%20B3%20C3%2075_Guidelines%20for%20End%20of%20Life%20Treatment%20of%20Substations.pdf
https://www.cigre.org/userfiles/files/News/2025/TOR-JWG%20A2_C3_79_Power%20Transformers%20and%20Reactors%20Sound%20Levels%20On%20Site.pdf
https://www.cigre.org/userfiles/files/News/2025/TOR-JWG%20A2_C3_79_Power%20Transformers%20and%20Reactors%20Sound%20Levels%20On%20Site.pdf
https://www.cigre.org/userfiles/files/News/2025/TOR-JWG%20A2_C3_79_Power%20Transformers%20and%20Reactors%20Sound%20Levels%20On%20Site.pdf
https://www.cigre.org/userfiles/files/News/2025/TOR-JWG%20A2_C3_79_Power%20Transformers%20and%20Reactors%20Sound%20Levels%20On%20Site.pdf

Tutorial WG C3.25 Eco-design methods for the power
system

For power system expertise

* Presented by Michael Gatzsche (Hitachi) and Marcella Mantilla (RTE), moderated

by me

For power system exp

Motivation for WG C3-25 %) cagre

= The planet is moving towards and exceeding its environmental limits at an
accelerating pace
= The power system is a major tool for humanity to lower environmental
footprint by:
= Connecting renewable energy sources
= Enabling electrification of heating, transportation, ...
=  The infrastructure of the power system has environmental impact: overhead
lines, cables, SF4 in switchgear, losses in power transformers...

= Ecodesign is an approach to designing products and services that gives
special consideration to the environmental impacts of a product over its
entire lifecycle

= How to apply ecodesign to the power system?

= Are users already applying it? What is their experience?

= Can ecodesign on the system level guide ecodesign on the subsystem /
equipment level?

CIGRE decided to create WG C3-25 to answer these questions! ToR

TB finalization within 2026
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Tutorial WG C3.25 Eco-design methods for the power "32‘,' Cigre
system

0%

Structure of the Tutorial & How Survey Insights Shape the Technical é’%’
Brochure s P ':"3) CIg'e

We clarify definitions and methodologies. This gives us a framework for an aligned vocabulary for the entire tutorial
and TB. Key definitions are ecodesign and power system; life cycle assessment (LCA) is the core methodology

We give a structured summary on standardization, regulation, directives, and guidelines related to ecodesign. While
Europe is a hub for ecodesign activities, we have a global view covering all continents

We investigate which existing activities integrate ecodesign in the power system, both on-\
an equipment and a system level; based on real world examples

We give guidance on prioritization on three levels:
= Environmental impact categories (e.q. climate change, resource use)

= Life cycle stage (e.qd. use phase, manufacturing phase)

= Elements of the power system (e.g. transformer, substations)

External survey to
captured the state of
the art and challenges
in the T&D industry =

Data sharing is key for ecodesign, we give a framework and highlight challenges in your opportunity to

implementation

contribute!

Finally, we develop practical guidelines for implementation of ecodesign on a system
level: Current gaps, perspectives (user, OEM), and guidance on systemic ecodesign
requirements -
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Tutorial WG C3.25 Eco-design methods for the power 2 CIgIE

system

Outcome of the Working Group C3.25

v Shared framework for ecodesign in power
systems
Clear definitions, scope, and methodology. LCA is the
core decision-support tool, and it can be applied to
products, sub-systems and systems

v Global overview of standards, regulations, and
guidelines
reguIati.al.*.nglig..é}.:;.ﬁi.iﬁﬂgusly getting stricter. The EU is
farthest along on this path; however, it is a global trend

v Assessment of current industry practice
Current activities are focused on impact assessment
(LCA of products, sometimes sub-system to system-
level). Concrete ecodesign practices are emerging in the
power sector to reduce environmental footprint. Going
further from evaluation to effective actions to reduce
environmental impacts is needed.

0%

For power system expertise

XTI

v" Prioritization approach for impactful action

Guidance on identifying environmental hotspots across
life-cycle stages, impact categories, and
equipment/system levels. Generally, use phase and
manufacturing have the greatest environmental
impacts. Current ecodesign activities mainly target
climate change impact, although a broader range of
environmental impact categories should increasingly be
considered (e.g., resource use, land use, etc.)

Practical implementation guidance
Recommendations on data sharing, governance,
product- and system-level levers, and future CIGRE
work needed to scale ecodesign

CIGRE brochure is at final draft stage. We plan to
finish in 2026, publication in 2027.




Tutorial WG C3.25 Eco-design methods for the power (':Z:}cagre

system o
Main Messages: Ecodesign for the Power System (f@ c'S'e

Ecodesign means taking responsibility and
reducing environmental impacts of a
product or system over its whole lifecycle
— and beyond: circularity.

impact categories and elements of the power
system. Main drivers are clear today.

T SiEte

Due to the complexity of the power system
and the variety of its practitioners (TSO,
DSO, OEM, ...) is essential to share data
across organizations.

Standardization facilitates data sharing,
comparability and making adequate
simplifications.

Ecodesign on the system level can have
benefits beyond optimization on product
level.




Proposal WG: regenerative design for power sector

* Move beyond
sustainability to include
broad society wellfare

Dutch: brede
welvaart

* [ncrease public
acceptance, speed up
projects

* ToR currently being
drafted

DRAFT for discussion
CIGRE Study Committee 3
PROPOSAL FOR THE CREATION OF A NEW WORKING GROUP

WG SC C3.[number to be assigned]

Mame of Convenor: Gabriela M. Ramos (PT) [to be confirmed with 5C C3 Chair; co-convenor from a
TS0/DS0 should be proposed]

Sustainable Development Goal: 15 [ere on land); also addresses 9 (Industry, Innovation and Infrastructure)
and 11| i cities and ¢

This Workjng Group addresses these topics:
[1 5torage [1 Hydrogen 1 Digitalizati E Sustainability and Climate Change [1 Grids and
Flexibility [1 Solar PV and Wind E Community integration E Net-positive biodiversity

Title of the Group: Key Performance Indicators for the design of Regenerative Grid Infrastructure Projects
Scope, deliverables and proposed time schedule of the WG:

Background:

The scale of grid expansion required by the energy transition implies an unprecedented footprint of
substations, overhead lines and cable systems on land use, materials, ecosystems and local communities.
Current environmental practice in the power sector is predominantly oriented towards impact
minimisation and mitigation, supported by established instruments such as life cycle assessment (LCA),
environmental product declarations (EPD), i | impact and offsetting schemes.

The regenerative development paradigm goes one step further: it asks whether infrastructure projects can
be designed to make a net-positive contribution to the ecological and social systems in which they are
embedded, restoring ecosy condition, building community capacity and improving the health of the
wider system over the asset life cycle. While regenerative design has gained traction in the built
environment, there is at present no shared conceptual basis, and no agreed set of key performance
indicators (KPls), that would allow transmission and distribution utilities to specify, tender, design, monitor
and report regenerative cutcomes for grid infrastructure projects in a consistent and auditable way.

This proposal is complementary to, and expllcnw not overlapping with, IWG B3/A2/A3/C3/D1.66
(Guidelines for life cycle in considering the carbon footprint evaluation): that work
addresses the quantification of impacts, primarily carbon; the present proposal addresses the definition
and measurement of intended net-positive ecological and social outcomes and of the quality of the design
process itself, which existing LCA-based instruments do not capture.

Purpose [ Objective / Benefit of this work:

The aim of the Technical Brochure developed by the Working Group is to provide utilities, regulators,
designers and suppliers with (1) a clear and rigerous terminology distinguishing sustainable from
regenerative development in the context of power systems, (2) a structured KPI framework for
regenerative design of grid infrastructure, and (3) practical guidance and case studies for applying the
framework across the project life cycle, from early planning and permitting to operation and end-of-life.

Scope:
The TB shall in particular discuss the following points:

* State-of-the-art survey of regenerative design theory and practice and of its application to
infrastructure, including clarification of terminology (sustainable vs regenerative development, net-
positive, nature-positive).

%) cigre

For power system expertise

Review of existing assessment schemes and indicator sets relevant to grid projects (LCA/EPD,
bicdiversity net gain, infrastructure sustainability rating schemes, SDG mapping) and identification of
the gaps they leave for regenerative outcomes.

A KPI framework for regenerative design of grid infrastructure structured around four complementary
categories:

o Target indicators: the net-positive ecological and social ambitions set for a project;

o Condition indicators: the measured state of the ecological and social systems affected;
o Pressure indicators: the drivers of impact exerted by the project;
o

Process indicators: the quality of the design and stakeholder process itself, auditing how
outcomes are produced rather than only what is produced.

Guidance on embedding the KPIs in the project life cycle: strategic planning, permitting, procurement
and tendering, design, construction, operation and end-of-life.

Methods for multi-stakeholder engagement and co-design in defining project-specific regenerative
targets.

Case studies contributed by member utilities (substations, overhead lines, cable projects) illustrating
application of the framewaork.

* Rec dati for isation, proc I and y dialogue.
Out of scope:
* LCA methodology and carbon footprint quantification guidelines [covered by IWG
B3/A2/A3/C3/D1.66).

= Jurisdiction-specific offsetting and permitting regulation, beyond illustrative examples.

Remarks:
+ Possible connection with JWG B3/A2/A3/C3/D1.66; consideration to be given to constituting this
group as a JWG with 5C B3 (substations) and,or 5C C1 (planning).

* Participation of WiE and NGN members is encouraged; academic members to be balanced with
TS0/DS0 and supplier representation.

Deliverables:

E Annual Progress and Activity Report to Study Committes
E Technical Brochure and Executive Summary in Electra

E CIGRE Science & Engineering (CSE) Journal

E Workshops

E Webinar

[1others..?
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Preferential subjects Paris Session 2028 (draft) /o CI

PS1. Assessing and managing environmental impacts of Power Systems

2

 How can negative and positive environmental impacts be effectively assessed? Metrics, data relevance, and
indicators beyond carbon emissions.

* Projects and solutions for enhancing biodiversity associated with power system development and operation.

 Eco-design approaches to minimise environmental impacts & foster circularity across the asset life cycle: raw
materials, manufacturing, operation, refurbishment, end of life.

PS2. Nature-related Impacts on the power system. Enhancing resilience.
» Forecasting the future: developing scenarios, projections, and risk assessment.
e Understanding and assessing nature impact of power systems.

« Adaptation measures to enhance the resilience of power system assets and operations & emergency response
during natural disasters to reduce environmental impact of power facilities.

PS3. People and Power Systems

e Creating social value & improving social acceptance to speed up energy transition: effective engagement
strategies and technical & societal solutions



What’s next?

* Bangkok 2027

* Papers for Bangkok
» Papers for Paris 2028
* Working Groups

PS3 GRID INFRASTRUCTURE FOR FUTURE ENERGY TRANSITION AND DECARBONIZATION

! c.g'e Call for Papers
CIGRE 2027 International Symposium

For powsr system exparthse The Gueen Sirikit Mational Convention Center [QSMCC], Bangkok, Thailand = 8-12 Hovember, 2027

KEY DATES
Call for papers June 2026

. \ Shaping the Future of Grids - Resilience,
Opening of the synopses Sept. 7, 2026 Intelligence, and Innovation for the Energy Transition
submission portal

CIGRE, the world's leading non-profit association for the power sector, reprasenting a global community of more
tham 20,000 experts across the wtility, transmission, and distribution industries, welcomes you to the CIGRE

Deadline for synopses up|oading 1IN K P11 P Bl 2027 Internationsl Symposium in Bangkok, Thailand.
B — e — This prestiglc-us Symposium features high-level expart sharing sessions, where_se!'nc-r prc-fes_siunals axchangs
opening of registrations spring 202? lert::;g::stry knowledge, breakthrough research, and forward-looking insights shaping the future of

' g Unlike a traditional tradeshow, the CIGRE Sympasium offers.a content-driven, deeply technical, and highly selective
SE|ECtI0n OfS nopSES by SCS Feh. 14'. 2027 i programme. Attendees participate in rigorously reviewed technical paper presentations, hands-on tutorials,
a“d inforl’l’latlﬂ n tD al.lthﬂrs — interactive workshops, and inspiring keynote sessions delivered by renowned leaders from around the world.

Buildimg on the momenturm of the CIGRE International Symposium 2025, which welcomed ower 2,300 senior

" " — participants, and the legacy of the flagship CIGRE Paris Sessions, the CIGRE International Symposium 2027 in
Deadlme fﬂr FI.I|| Papers llp|OadIng jul}‘I 25, 202? Banghkok will deliver am unparalleled platform for collaboration, knowledge exchange, and innovation for tha

a global power and energy community.
Feedback to author of full papers T L A1 B ——

. P51 HENE‘WABI.E EMERGY INTEGRATION, STORAGE, AND CROSS-BORDER INTERCONMECTIONS
Fmal papers Sept' 26! 2027 B3, B4, 04, (5 Gnd-lnrmrgﬁamﬁulggsmrage Systems (BESS), hybrid storage solutions and other grid-enhanting technologies (o imprave

pomer system strength, stability and resilience
i I C2,C4,C5,02  Grid operational codes, T30-DE0 coordination, big-data based forecasting for congestion management and situational awarenass,
Fmal papers on C'anTODI OCt 10' 2027 Erhanced techninues for TS0-DE0 co-simulation and data exchange
- C " [N ] Erhanced analysis mathods and solutions bo address emerging instability phenomend, spstem strength, Bexibility and resilience
Power Point presentation Oct. 24, 2027 chalenges infuture pawer pstems
e 01,5 Planning and economics of Renewable Enargy (RE) inegration, incheding energy policy, intercannections, and aoss-border power exchange
F _ D1 Arwanced materials for energy shorape and enhanced operational flexbility (e.p. improved thermal, electrical, ar mechanical capabilities)

BangkOk symPOSI um N ov. 8 12f 202? 1,04, C5 Integration of hydrogen and ammaonia in power system planning, enabling cross-sector decarbonization, and their dynamir interaction

with the power system
Member 5E 01 Simen Satton P52 DIGITALIZATION AND SMART MONITORING FOR THE ENHANCEMENT OF POWER SYSTEMS

B, I-l..i.'.! o4, Aprlm!mulmicul Intelligence and Machine Learning (AWML and advanced data analytics for transmissien and distribution
o, onling moniaring, predict e maintenance, Eault detection, power guality and power system stahility
I! li. Bd, Innovative asset management and diagnostics, including Building Inlormation Modeling (BIM), drone inspection, and Intesnet of

B2, B4, D1

B2, B3, (1,(2,

(3,04,D1
€1,C4

B3, (3,D1
B3

B2, B3, B4, (1,

B2

Advanced transmission technologies, materials and testing methodologies, including HVDC, multi-terminal DC, power semiconductor device

and composite-core conductors

Grid resilience and adaptation to extreme climate events (wildfires, storms, floods, lightning, geomagnetic storms, etc.) including
methods of analysis, design innovations, new materials, and restoration strategies

Electric Vehicles (EV) fast charging and smart charging, reverse power flows, and their implications for grid capacity planning. Impact
of other large inverter-hased loads (IBLs), such as Data Centres (DC), on planning and dynamic performance of power systems

Sustainable grid projects, including eco-design, sustainable materials, certificates of origin, and low-carbon solutions
Substation modernization and integration of advanced equipment for sustainable transmission and distribution development

Asset management strategies under high renewable penetration, including inspection, predictive maintenance, refurbishment
€2, (3,C4,D1,D2 planning, climate stress and aging infrastructure - balancing reliability, cost, and sustainability

Dynamic line rating (DLR), online measurement, and advanced overhead line innovations to support high renewable penetration

0,02 Things {1oT) sensors, bo extend the lile cyce of transmission and distibution equipment
B4, D2 Cyberszcurity and communication technologies for s2cure and reliable eperation of transmission and dtribuion grids
B3, D2 Smart substations and advanced electrical installations for digitalived grid aperation

P53 GRID INFRASTRUCTURE FOR FUTURE ENERGY TRANSITION AND DECARBOMIZATION

B2 B4 N Adhanted framemission tedhn ologies, materials and festing methodologies, imcluding HVDC, muli-Semminal D, power semiconduchor device
and compreite-cove conduciors

B2, B3, 01,02, CGrid resilience and adapdation by extreme cimate events [wildres, stoems, floods, lightring, gromagnetic storme, eic.) including

O.m methods of anslysis, design imnovations, new materials, and restoration strategies

1, cd Elartric Wehicles (EV) fast charging and smart charging, reverse power flows, and their implications for prid capacity planning, Impact
of other |arge imverter-based loads (1BLs), swch as Data Centres [OC), an planning and dynamic performance of power systems

B3, (3,0 Sustainable prid projects, including eco-desipn, sustainable materials, cestificates of arigin, 2nd |ow-carban solutions

B3 Substation modemization and integration of advanced equipment for sustainable transmizsion and distribution

B2, B3, B4, 1,  Assef management strategies under high renewable penetration, mduding inspection, predictive maintenance, refurbishment

€2,03,04,01,02 plenning, climate stress and aging infrastructure - balancing reliability, cost, and sustainability

B2 Dynamic line rating (DLR), online measuremend, and advanced overhaad line innovations to suppart high renewable penetration

PARTICIPATING CIGRE STUDY COMMITTEES [SC)

SCB2 Duerhead Lines {co-lead) SCC3 Power System Sustainabilily & Eviranmental Performance

SCB3 Subetations & Hecirical Installations SCCA Power System Technical Perlormance
SCEBA DC Systems & Power Hectronics SCC5 Eectricity Markets & Regulation
SCC1 Power System Development & Eronomirs SCD1 Materials & Emerging Test Technigues

SCC2 Power System Operation & Coniral | 14 1] Inhrmiu EpmmTehL_-amltpu-sm (co-lead)
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Thank you for your attention!
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