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Foreword

Dear friends and colleagues,

Taking urgent action to tackle the destructive effects of climate change

is high on the global agenda, as we have witnessed in recent high-profile
UN Climate Change Conferences. ISO and our members are fully committed
to playing our part in this fight, and are doing so in three important ways:

by taking climate considerations into account in the development of all our
standards; by actively involving those most vulnerable to climate change

in standards development; and by defining concrete actions to track our
progress.

While we already have many published climate-related standards and much
ongoing work that aims to address these challenges, we know there is a

lot more to be done. ISO’s foresight programme aims to understand and
anticipate global trends affecting society, technology, the environment, the
economy, science and even politics. We are trying to become more future-
focused as an organization so that we can better anticipate market needs
and provide standards as solutions to global challenges in a timely manner.

‘Energy sources’ was just one of 40 trends presented in our trend report,
but ISO members selected this as one of the most important and relevant.
Our technical committees work across a number of related areas,

including solar energy, hydrogen technologies, nuclear energy, oil and

gas (including low-carbon energy), greenhouse gas and climate change
management, carbon capture and storage, energy management and
energy savings. Many of these committees were represented in a series

of ideation workshops, together with cross-sectoral experts from national
and international organizations outside the standardization community.
The insights they provided into future trends in the energy sector are
extremely valuable for ISO in helping us understand future challenges and
opportunities related to energy sources. Armed with these, we can then think
about developing international standards to help address these challenges
and seize these opportunities.

4
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In short, energy sources is an extremely important topic for ISO and we are
very grateful that you sent your experts to explore it with us. This will enable
us to make the best possible contribution to a successful global energy
transition and, eventually, to achieve ISO’s vision of making lives easier, safer
and better for people everywhere.

Kind regards,

o

Sergio Mujica

ISO Secretary General
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50 billion

tons of greenhouse
gases are emitted
each year

around 75% of these are the
result of energy consumption:
transportation, electricity and
heat, buildings, production and
construction'?


https://essd.copernicus.org/articles/15/5301/2023/
https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors
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By 2050,

global primary
energy use is
expected to

Increase by
up to 57%

(U.S. Energy Information Administration, 2023)


https://www.eia.gov/outlooks/ieo/pdf/IEO2023_Narrative.pdf
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80%

of the technologies
heeded to achieve
the 2030 climate
goals* are already
on the market>


https://www.un.org/en/climatechange/net-zero-coalition
https://www.un.org/en/climatechange/net-zero-coalition
https://www.wipo.int/edocs/pubdocs/en/wipo-pub-1080-2023-en-green-technology-book.pdf
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From 2010 to 2022,

costs per installed
KkW/h from solar
ohotovoltaics

olummeted from 710%
more expensive than
the cheapest fossil-
fuel fired option

to 29%
cheaper®

(International Renewable Energy Agency, 2023)


https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Publication/2023/Aug/IRENA_Renewable_power_generation_costs_in_2022.pdf?rev=cccb713bf8294cc5bec3f870e1fa15c2

20104 AV 520224 (2 HMF
T, RENT=-KEEFH
BEDKW/hHT-Y DRk
X, xbZ=MEIE R/ PAF
PRIGEA T3> kUL
710% S{ff=>1=D A,

29% Z<IFEYZFEL



https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-endpoint.azureedge.net/-/media/Files/IRENA/Agency/Publication/2023/Aug/IRENA_Renewable_power_generation_costs_in_2022.pdf?rev=cccb713bf8294cc5bec3f870e1fa15c2

Enabling the energy
transition: About this
Foresight Brief

The urgency to reach net zero is clear: Climate
change impacts are causing suffering and
destruction worldwide, particularly in vulnerable
regions where around 3.6 billion people face
threats to water supplies, food production, and
infrastructure.”

Unless we rapidly and fundamentally transform our societies and
economies towards net zero, mankind’s current prosperity and hopes for the
future are at risk.® At the same time, global energy demand is expected to
rise at least 50% by 2050, driven mostly by economic and population growth
in developing countries, particularly in Asia.® Meeting this growing demand
while drastically reducing greenhouse gas emissions will require a vast
expansion in low- and zero-carbon energy. Strong international cooperation
will be crucial in enabling this transformation, especially in key areas such as
standards.”o™

Against this background, ISO’s foresight activities serve to identify respective
opportunities and areas for possible future standardization activities (see
ISO Foresight). As one output from these foresight activities, this brief serves

7 Climate Change 2022: Impacts, Adaptation and Vulnerability (Intergovernmental Panel on Climate
Change, 2022)
8 Climate Change 2023. Synthesis Report: Summary for Policymakers (Intergovernmental Panel on Climate
Change, 2023)
9 International Energy Outlook 2021 (US Energy Information Administration, 2021).
10 The Breakthrough Agenda Report 2023. Accelerating Sector Transitions Through Stronger International
Collaboration (International Energy Agency, International Renewable Energy Agency, and the United Nations
Climate Change High Level Champions, 2023)
Standards are effective in enabling and coordinating action and can mobilize investment and accelerate
deployment — attributes that can play a key role in uniting the net zero governance landscape.

10
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to highlight opportunities for future international standardization activities
that support the market players in the energy transition.'

It draws from a variety of resources and steps in ISO’s foresight process,
including a literature review and a series of international expert workshops
with 93 participants from 41 countries, as well as expert interviews with the
ISO community. This brief serves to support and enable possible next steps
towards respective standardization activities but does not prescribe them.
Instead, it aims to spark discussion, further reflection and respective action
within the ISO community, and ideally beyond.

@ Guidance for the reader

The following section (pages 12-15) touches upon current and possible

future trends and transformations relevant to the energy transition, providing
context for those interested in how energy sources may develop in the
coming years. Links are included between these developments and the

future needs for standardization —i.e. those areas in which more innovation,
change and support is needed, and where standardization can contribute to
accelerating the respective change needed. For others ready to zoom straight
into the future needs, these are summarized in a roadmap and then covered
in detail from pages 19-34. For those looking to jump directly to the outlook
and next steps, this can be found on pages 35-38.

12 In this Foresight Brief, ‘Energy Sources’ refers to the ongoing transformation of the energy sector towards
net zero GHG emissions, including e.g. the phasing-out of fossil fuels, the scaling-up of low and zero-carbon
energy sources, the introduction of carbon capture, and improvement of energy management. Keeping
energy affordable and reliable during this drive towards sustainability is an important aspect. Energy Sources
as it was considered within the ISO foresight process covers the following aspects: A) Power sector shifts
towards renewable energy sources and other clean sources, such as solar PV, wind, emerging renewable
energy production, like solar thermal, tide and wave, nuclear, other. B) Grid and storage enhancement and
development. C) Clean non-power energy sources for energy intensive industry, aviation and shipping, such
as green hydrogen, biofuel, synthetic fuels, etc. D) Carbon Capture, Utilization and Storage to enable low-
carbon fossil fuel use. E) Energy demand reduction.

ISO Foresight Brief — Energy Sources 2030+
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Trends and
transformations:

A brief look at present
and future perspectives
of Energy Sources

To reach net zero targets, the increasing global
demand for power must be primarily met by low-
emissions sources of electricity. Today, the global
share of low-emissions sources in power generation
is around 39%, to meet climate goals the share will
need to increase to nearly 100% by 2050."

This is expected to result in a tripling of renewables capacities until 2030,
mainly in solar photovoltaics (PV) and wind, supplemented by nuclear and
others. The necessary massive growth in renewables capacity requires
driving up manufacturing capacities for these sources, especially in
solar PV and wind, as these two sources are the cheapest, have political
support in most markets, and can be scaled rapidly.* However, scaling up
wind manufacturing capacity could become a bottleneck in the future
as current expansion plans are insufficient and there are considerable
challenges in realizing projects concerning financing, acquisition of land,
approval processes, and ensuring support from citizens in the respective
regions.”®

@ Future need: Low-carbon manufacturing and maintenance

13 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

14 Solar PV (International Energy Agency, 2023); Wind (International Energy Agency, 2023)

15 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

12
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https://www.iea.org/energy-system/renewables/solar-pv
https://www.iea.org/energy-system/renewables/wind

As some renewable energy sources’ outputs fluctuate depending on weather
conditions, measures are necessary to manage the variability of these
sources into the grid system. More growth and new options for storage will
be required, from traditional pumped storage and hydropower to utility scale
batteries and other solutions, such as hydrogen production or demand-side
management.’® But with more components being integrated into the energy
system, regional networks will become increasingly interconnected, and new
challenges for the interoperability in the energy system could arise.”

@ Future need: Ingrained interoperability

Moreover, the energy transition’s immanent growth in variable energy
generation and new market actors require efforts to enhance the structural
integrity of the energy system and its resilience, while challenges from
severe weather events will also likely increase.'®

@ Future need: Resilience and structural integrity

The digitalization and increased connectivity of the energy system will also be
necessary to meet future flexibility requirements, especially in the EU® However,
some of these technologies also come with considerable risks, for example
regarding the trustworthiness of employed Artificial Intelligence (Al) models.?°
This calls for a particular focus on interoperability and structural integrity.

@ Future needs: Ingrained interoperability / Resilience and structural integrity

Emerging and new technologies offer tremendous opportunities to
accelerate the energy transition towards net zero. On the production side,
the contribution of Industry 4.0 technologies in optimizing renewable
production is a key enabler.?’ On the distribution end, Al can better control
grids, (big) data can improve demand management, and the use of smart
power meters can all help reduce emissions.?22324

@ Future need: Breakthrough clean tech innovations

16 Renewables 2021 (International Energy Agency, 2021)

17 Towards net-zero. Interoperability of technologies to transform the energy system (OECD, 2022)

18 Energy system resilience — A review (Jasinas et al., 2021)

19 NCS Report #1: Electricity smart meter rollout in Germany (4i-TRACTION, 2023)

20 Why Al and energy are the new power couple (International Energy Agency, 2023)

21 Accelerating the renewable energy sector through Industry 4.0: Optimization opportunities in the digital
revolution (Pandey et al., 2023)

22 Al-Enabled Energy Policy for a Sustainable Future (Danish and Senjyu, 2023)

23 Large consumers can help drive the clean energy transition — but they need better data (International Energy
Agency, 2023)

24 Unleashing the benefits of data for energy systems (International Energy Agency, 2023)
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https://www.iea.org/reports/renewables-2021
https://goingdigital.oecd.org/data/notes/No24_ToolkitNote_InteroperabilityEnergy.pdf
https://doi.org/10.1016/j.rser.2021.111476
https://www.ecologic.eu/sites/default/files/publication/2023/33007-Case-Study_4-German-delayed-smartmeter-rollout.pdf
https://www.iea.org/commentaries/why-ai-and-energy-are-the-new-power-couple
https://www.sciencedirect.com/science/article/pii/S2096248723000103
https://www.mdpi.com/2071-1050/15/9/7643
https://www.iea.org/commentaries/large-consumers-can-help-drive-the-clean-energy-transition-but-they-need-better-data
https://www.iea.org/commentaries/unleashing-the-benefits-of-data-for-energy-systems

Carbon capture, utilization, and storage (CCUS) technologies are expected
to gain in importance, especially in areas where other low-carbon options are
limited (e.g. in the production of cement or synthetic kerosene), as well as for
some non-substitutable fossil power plants. Today, 45 MT of CO, is captured
through these technologies, this is expected to increase to 400 MT in 2030,
with plants in 45 countries.?®

@ Future need: Negative emission technologies

Reducing and avoiding the use of energy is the major lever to cut emissions
across the energy landscape. To reach net zero targets, improvements in
global energy intensity?® need to more than double by 2030 (from 1.3%
annually in 2023 to 4% in 2030).” Accordingly, efficiency policies have
been strengthened globally in recent years, with investments reaching
record levels of around USD 600 billion in 2023.28 In the next few years,
regulators are expected to further strengthen regulatory frameworks around
energy efficiency, to adopt ambitious targets (such as in Minimum Energy
Performance Standards (MEPS)) and to expand the availability of financial
incentives.?®

@ Future need: Energy efficiency and carbon emission measurement

25 Renewables 2021 (International Energy Agency, 2021); and Global Energy Perspective 2023 (McKinsey &
Company, 2023)

26 Energy intensity is measured by the quantity of energy required per unit output or activity, so that using less
energy to produce a product reduces the intensity. Energy efficiency vs. energy intensity (Office of Energy
Efficiency and Renewable Energy, 2024)

27 Energy Efficiency 2023 (International Energy Agency, 2023)

28 Energy Efficiency — The Decade for Action (International Energy Agency, 2023)

29 Tripling renewable power and doubling energy efficiency by 2030: Crucial steps towards 1.5°C (International
Renewable Energy Agency, 2023)
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Spotlight: Upgrading existing and building new network
infrastructure

Dependency on network infrastructure will severely impact the path towards
net zero energy security, especially in developed countries. Today’s model
relies on centralized production and long-distance electricity transmission
and is unable to incorporate local production and transmission to the degree
necessary. It is assumed that power transmission lines and distribution lines
will have to increase by 185% and 165% respectively by 2050 to support

the new energy reality.*°In Europe, cross border exchange capacity must

be strengthened considerably to realize future opportunities to import

green energy (both from other member states and from third countries).*'

At the same time, microgrids and PV offer considerable opportunities for
leapfrogging towards low or zero-carbon industrialization in less developed
countries, in particular in Sub-Saharan Africa.®? Generally, decentralized
solutions are the least costly way of providing access to energy to those
currently without power, and almost 90% of all new connections expected
until 2050 will come from renewables.?

30 Enabling infrastructure (International Energy Agency, 2023)

31 Gridlock: Why Europe’s electricity infrastructure is holding back the green transition (European Council on
Foreign Relations, 2023)

32 How microgrids can facilitate energy access and electrify rural Africa (International Growth Centre, 2023)

33 Access to electricity (International Energy Agency, 2023)
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How can ISO meet future
nheeds for standardization
in Energy Sources?

A word ahead: What are future needs?

Future needs are areas where in the next decade (or even beyond that),
fundamental change is expected and where innovation will be required to
enable the energy transition.

They do not only cover needs in energy production and supply, but also
include wider enabling factors where change will be necessary to swiftly
enable the energy transition. Thus, they zoom in on future needs where
standardization could make a difference.®

The future needs are categorized into one of three timeframe categories
concerning respective standardization activities: short term, mid-term, or
long-term.®® However, for all the future needs identified activities should
ideally start today. These timeframe indicators simply help in understanding
relative importance and/or urgency of a particular need for change. With this
context in mind, the list is therefore not exhaustive —and it could change over
time as new needs emerge.

Each of the future needs is accompanied by a section on Standardization
perspectives that provides concrete recommendations and possible
ways forward. These recommendations include not only potential topics
of relevance, but also suggestions on potential improvements to the

ISO system itself for it to stay more agile and up to date. Examples of
existing standards in the related areas are listed in the Annex.

Additionally, each future need is linked to several overarching trends
identified in previous ISO Foresight work. Please click on the links to be
redirected to the ISO Foresight webpage and learn more about related
major societal trends.

34 The future needs presented here focus only on those that were highlighted both in the literature as well as in
the workshops and interviews with the ISO community. For more information see Annex on ISO Foresight

35 Definition of time-dimensions: short-term: within the next five years (2024 to 2029); mid-term: within five to
ten years (2029 to 2034); long-term: 10 years plus (2035+).
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ISO Trends driving the future needs
for standardization in Energy Sources3¢

[ 150 standardization
y Foresight Framework

Trend Report, '

2022

Power
transiﬁuq

36 Source of the Trend wheel: ISO Foresight Trends (ISO, 2022)
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Roadmap of future needs for standardization

in Energy Sources®

Long-term

Negative
Emission
Technologies

Relevant 50 Trends:
Energy
[ Enwirenmental
degradation

Mid-term

Energy Efficiency &
Carbon Emission
Measurement

Relevant IS0 Trends:
Energy / Environmental
degradation /
Connectivity / Power
transition

Ingrained
Interoperability

Rulavant 150 Trends:
Emengy f Cyber.
physical systems /
Computing /
Environmental

degradation [ Trads
Short-term

Breakthrough
Clean Tech
Innovations.

Relevant 150 Trends:
Energy [ Cyber-
physical systems [
Environmental
degradation / Tech risks
/ Biotechnology

Resilience &
Structural
Integrity
Relevant 150 Trends:
Energy / Cyber-
physical systems /
Environmental
degradation /
Prosperity /
Consumption

Low Carbon
Manufacturing &
Maintenance

Relevant 50 Trends
Enengy / Cyber-
physical systerms /
Environmental
degradation |
Prosperity [
Consumption

37 Here, short-term is defined as within the next five years (2024 to 2029), mid-term is within five to ten years
(2029 to 2034), and long-term as 10 years ahead or longer (2035+). For all the future needs identified
activities should ideally start today. Thus, the timeframe categories flag a relative relevance, i.e. whether
respective standardization activities are expected to be most critical immediately, in the next years, or

beyond that.
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Future needs

Ingrained interoperability

Enabling net-zero-focused long-term planning and design

ISO Trends driving this need:
Energy / Cyber-physical systems / Computing /
Environmental degradation / Trade

The transition to net zero requires the large-scale replacement of fossil fuel
energy sources with renewable and clean sources such as solar PV and wind,
complemented by growth in nuclear and other sources.®® For renewables
alone, a tripling of installed capacity is required until 2030 to meet the needs
of the 1.5°C climate target.®® As a consequence, existing infrastructure will
need to be transformed to accommodate varying forms (including electrical,
chemical, thermal, etc.) and scales of energy generation (e.g. from utility-
scale to small-scale distributed rooftop solar PV).4° Also, entirely new
infrastructure will need to be built to accommodate new renewable energy
sources, especially in developing countries.*’ To meet these challenges,
global investments in energy transition technologies were a record high

USD 1.3 trillion in 2022 already, but they will need to be four times higher to
achieve the required cumulative investments of USD 44 trillion by 2030 to
limit global warming to 1.5°C.#2 Accordingly, energy infrastructure needs to be
designed to deal with high system complexity all the way from production to
end-use.*?

Clearly, a high level of interoperability is necessary in a future powered by
a complex mix of energy sources: across regions and countries (especially

38 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

39 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

40 Turning the tide in scaling renewables (KPMG International, 2023)

41 Tripling renewable power and doubling energy efficiency by 2030: Crucial steps towards 1.5°C (International
Renewable Energy Agency, 2023)

42 Investment Needs of USD 35 trillion by 2030 for Successful Energy Transition (International Renewable
Energy Agency, 2023)

43 Clean energy innovation points the way to net zero: But what about the underlying infrastructure? (World
Economic Forum, 2024)
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40 BAAREIRIILT—DIERTEHFREZEZ S (KPMG International, 2023)
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cross-border), across various energy domains (including sector coupling*
like power-to-mobility and power-to-heat, and covering aspects such as
power-to-gas) and across time dimensions (to e.g. allow integration of
future technologies and solutions).*® Interoperability encompasses the
ability for technologies to integrate, communicate and undertake tasks
(such as balancing supply and demand). The demand-side includes
managing residential connected appliances (e.g. in electrified heating and
transport) that could provide high levels of demand flexibility.*¢ Currently,
however, there is no common approach to energy system interoperability,
and it is instead resolved on a case-by-case basis.*” A respective global
interoperability approach could enable the coordination and collaboration of
energy infrastructure actors and technology innovators to achieve the green
energy transition.*®

Standardization perspectives*®

Timeframe category for standardization action:
Short-Term / /

Standardization is a key enabler of interoperability in the energy sector. In the
short-term, international standards and guidelines will be critical in enabling
integration of new energy sources and technologies (such as smart grids)
into existing energy systems (including into e.g. distributed systems). But
standards are also a key enabler of interoperability between supply and
demand, such as in bi-directional flows of both energy and data.

Future technologies will likely allow for more local, decentralized energy
production (modular options, microgrids) including prosumers®® and further
small-scale actors® joining the energy system. Interoperability and good
interfaces between such sources/technologies along the value chain will

44 Sector coupling is the concept of interconnecting the energy consuming sectors - buildings (heating and
cooling), transport, and industry - with the power producing sector.

45 World Energy Transitions Outlook 2023: 1.5°C Pathway (International Renewable Energy Agency, 2023)

46 Towards net-zero: Interoperability of technologies to transform the energy system (OECD, 2022)

47 Towards net-zero: Interoperability of technologies to transform the energy system (OECD, 2022)

48 International technology innovation to accelerate energy transitions: The case of the international energy
agency technology collaboration programmes (Caiafa et al., 2023)

49 Examples of existing standards related to the area can be found in the Annex.

50 A prosumer is someone who consumes and produces energy. They have their own decentral energy
generators, such as rooftop solar PVs, and possibly also battery storage. They consume energy from the
grid when needed and feed excess energy into the grid when available. Consumer vs Prosumer: What'’s the
Difference? (Office of Energy Efficiency and Renewable Energy, 2017)

51 Like energy communities, groups of people investing in decentral and semi-decentral energy system
components like wind power, solar PV parks, storage.
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rely on data models and data exchange (including collaboration between
consumer devices,*? production facilities and networks). This could build

on the smart grid information model standard (ISO 17800:2017, Facility
smart grid information model). Standards here in the areas of respective
technologies such as quantum technologies and Al could also enable a
smooth integration of the energy system.>® Moreover, standardization could
support the creation of the necessary digital infrastructures and ensure
their alignment and security.>

Working across borders, standardization can strengthen global collaboration
between key actors (policy makers/regulators, technology providers,
utilities, prosumers, financing institutions) to speed up the transitionin a
coherent way. This includes the involvement of new actors as well as new
forms of collaboration, e.g. regarding coordination along the whole energy
supply chain and integration of the energy system. Providing a platform
through standardization to share ideas, expertise and knowledge (e.g.
technological know-how, best practices, etc.) can be another crucial
aspect to foster the transition in a collaborative manner.

Resilience and structural integrity

Increasing Flexibility via Storage, Demand-Side Management and
Decentral Solutions

ISO Trends driving this need:
Energy / Cyber-physical systems / Environmental degradation /
Prosperity / Consumption

The variability of renewable energy increases the need for energy system
flexibility. Rather than responding to demand (as in the case of traditional
electricity general models), massive growth of battery storage, demand

52 For example, influencing electric vehicle charging or heat pump action; mainly by limiting charging and boiler
heating for short timeframes to shift grid load peaks.

53 Inspiration can be taken from the Healthcare sector (ISO/TR 28 380 series, Health informatics) and White
Paper for an Interoperability Process: The Approach to interoperability for all sectors derived from the
Technical Report ISO/TR 28380 (Berger, 2022)

54 A standard which addresses aspects is under development: ISO/IEC FDIS 27019, Information technology —
Security techniques — Information security controls for the energy utility industry.

ISO Foresight Brief — Energy Sources 2030+

21


https://www.iso.org/standard/71547.html
https://www.iso.org/foresight/energy.html
https://www.iso.org/foresight/cyber-physical-systems.html
https://www.iso.org/foresight/environmental-degradation.html
https://www.iso.org/foresight/prosperity.html
https://www.iso.org/foresight/consumption.html
https://www.bahnindustrie.at/b541m316/white-paper-for-an-interoperability-process
https://www.bahnindustrie.at/b541m316/white-paper-for-an-interoperability-process
https://www.bahnindustrie.at/b541m316/white-paper-for-an-interoperability-process
https://www.iso.org/standard/85056.html

F—AETNET—AZMCEBEE T /INM A2, £ERR, Ryb7—oB0Da5R
L—2avEE)IRELET, Chld, RAX—FUYRIERET LI (1SO
17800:2017, MEERBR V—F O YR ERET/L ) ICE DWW THEETEET . EF
BT 0 Al G EDERMDFHICH 1T HZBHEILIZEST, TRILF— SRTFLDR
L—RAHELAEEICAYET, © 512, BELICE > TRELTFSILIVD
SARSOF—DRBEISYR—rSh, ThoDOBEEEEFI)TAHERSH
FT. ™

EfEFHZ TIZEETICLET, TECERE (BERILRE/AHLE, Hif

TOana5—, AFFEELH, TOda—<—, SEEE) Moso—/ULhE
ELHBIESh, —EHOHIHETRITHNMBESNTT , TNICIK, FHLLOBER
FZEOBAED, IRILF— TS5 F—U2KIZOREZABPIRILE— VR
TLOMEICETIHLLVEROEENSENT T, ZELLEFBLTTAT 7,

B, 5 (BN 91\, RRN TSHOTAREE) 2EE\ETIHDT
SYRIA—LEFRHBTILE, BELTHBTEZRETI-HDOE —DODEE
BRAIETY,

LI REBENTEH
BB BELIVESSN, B 1—3 kB D L

@ SD=—XEHET S I1SO FLUF:

IRILE— / BAN—DAShILDRT L/ BESIE / 5%/ HE

BEAREIRLT—OEFMEICKY, IRLEF—SRATLOZHEOLEELS
FYFT, (EERKDEN—MRETILDBEDLSI)FEICIEZA DD TIEREL, 13y

52 fz¢ZIE, BEREBEDKECE—MRUTOMEICEEL 52528, £IT, RELRAS—MBEERHMFIERLT, ¥
JyRBRDE—IELTMNET,

53 AJLRT T E (1SO/TR 28380 ¥ —X, RIEERIFR) B LUEMERES 1SO/TR 28380 AN oiIRELI-HEER
HTOERADBEE: TRTOPBOHRELERMEADTTO—F MoEREFDIIENTEET, (Berger, 2022)

54 BIEICKL T 254 HBAFK T TT: ISO/IEC FDIS 27019, [E#zF 2 U7+, 1/ —tF2 )71, T4/ Vo —(RE—
THENF—2—T1) T TEDHDIEHF2 71 #Hr

ISOT#+7 4 A MEE - THLFX—IR 2030+


https://www.iso.org/foresight/energy.html
https://www.iso.org/foresight/cyber-physical-systems.html
https://www.iso.org/foresight/environmental-degradation.html
https://www.iso.org/foresight/prosperity.html
https://www.iso.org/foresight/consumption.html
https://www.iso.org/standard/71547.html
https://www.iso.org/standard/71547.html
https://www.bahnindustrie.at/b541m316/white-paper-for-an-interoperability-process
https://www.bahnindustrie.at/b541m316/white-paper-for-an-interoperability-process
https://www.iso.org/standard/85056.html

response, modern grids and more dispatchable® low-emission capacity will
be required.*® For example, the hourly flexibility needs to increase fourfold
until 2050 to meet the IEA Net Zero Emissions scenario due to short-term
changes in wind and sun radiation; additionally, seasonal variability requires
long duration storage like hydrogen and low-emission thermal plants in
many regions.%” But integrating flexible technologies into energy markets

to increase resilience and structural systems integrity can be challenging:
Proper management is required to efficiently handle the mix of small-scale
and utility scale battery technologies, of different owners, utilities, and
prosumers as well as for enabling the integration of various approaches
(including demand response measures, new thermal and gravity based
storage solutions, electrolysers, etc.).%® Still, it is clear that seamless
integration of different supply sources will become increasingly necessary
to manage supply and demand peaks (and valleys) as energy systems with
electricity progressively replace fossil fuel use in buildings, mobility and
industry.>® Furthermore, flexibility solutions are a key precondition for the
structural integrity of the large growth in renewable energies, and thereby
ultimately in the transition to net zero.®® Harnessing the diversity of sources
requires technical advancements especially regarding energy distribution
(grids) as well as storage (with an acceleration of technologies e.g.
concerning batteries, liquid hydrogen, etc.).

Ingraining the necessary flexibility will require structural integrity of the
whole system, buffer solutions and redundancies within the system, so that
it becomes resilient especially in times of unexpected or sudden events
(such as extreme weather events or cyberattacks).®' Increasing flexibility can
also bring additional benefits, especially for developing countries where a
high degree of flexibility can enable semi-decentral energy systems or even
microgrids that could offer potential for leapfrogging in peripheral regions
where electricity connection is currently lacking.5?

5

al

Dispatchable energy sources can be used on demand to fit market needs, e.g. power plants or batteries that

can be turned off or on.

56 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023); Tripling renewable power and doubling energy efficiency by 2030: Crucial steps towards
1.5°C (International Renewable Energy Agency, 2023)

57 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

58 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

59 World Energy Transitions Outlook 2023: 1.5°C Pathway (International Renewable Energy Agency, 2023)

60 See e.g. Enabling renewable energy with battery energy storage systems (McKinsey & Company, 2023) and

17 ways technology could change the world by 2027 (World Economic Forum, 2022)

See e.g. Planning urban energy systems adapting to extreme weather (Jing et al., 2021) and Energy is the Top

Target for Cyberattacks. How Can the Sector Respond? (International Energy Forum, 2022)

The aggregated leapfrogging estimate: a novel approach to defining energy leapfrogging (Hosseini-

Moghaddam, 2023)
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Standardization perspectives®:

Timeframe category for standardization action:
Short-Term / /

International standards can contribute to the design and use of storage
systems to ensure safety, performance and interoperability, promoting

a broader adoption of energy storage technologies and systems. The
timescale of storage options is key from seconds, minutes, and hours all the
way to seasonal storage: Different settings require different technologies and
solutions. International guidelines could support this challenge by providing

a framework for more flexible solutions including the development of local
energy systems such as microgrids, which can operate independently or

in conjunction with the main power grid. Hereby, digital technologies enable
self-organization of the microgrids and increase their resilience. Furthermore,
international standards could provide specific guidance for governments
and infrastructure planners that work in peripheral regions without proper
network infrastructure. The approach differs strongly from upgrading old
infrastructure, and standards can provide trust especially concerning new or
specific niche solutions.

In addition, guidelines for energy management can support energy
providers and consumers with demand response management, reducing
energy costs and improving reliability issues often associated with low-
carbon energy sources. This can be part of a framework for dealing with
‘peak shaving’ and ‘valley filling. Thereby, international standards could
provide approaches to deal with the multiple horizontal issues of structural
integrity, reliability, security and sustainability. This might, however, require
new ways of cross-cutting work for technical committees.®

Standards could also help to create a good understanding of the key issues
of structural integrity and flexibility measures to enable decision makers
from smaller organizations to navigate multiple alternative options when
aiming to enhance flexibility in the energy system. This kind of knowledge
sharing ensures that innovative technologies can be accessed across the
globe. Technology standards, for example for direct power conversion
innovations (such as e.qg. fuel cells), would increase user confidence in

63 Examples of existing standards related to the area can be found in the Annex.
64 The International Workshop Agreements (IWA) could be used, as it enables specific experts to be included for
a limited timeframe.
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a new option and increase opportunities for more actors to implement
the technology. The same could help manage challenges around battery
materials and efficiency.

The energy trilemma® is a critical aspect to consider here, covering resilience
and structural integrity to achieve net zero, and concerning dealing with
conflicts between energy security and environmental sustainability. The third
dimension of this concept is access and affordability for all; international
standards could propose measures to open the benefits of the energy
transition to less economically viable groups. Furthermore, standards could
define a shared approach to balance the dimensions of the energy trilemma
based on objective data and a calculation method; this could help decision
makers to balance the possibly contradictory dimensions.

Low-carbon manufacturing and maintenance

Scaling up manufacturing, re-manufacturing and maintenance of clean
energy technologies

ISO Trends driving this need:
Energy / Cyber-physical systems / Environmental degradation /
Prosperity / Consumption

The core technologies to achieve net zero already exist, but these solutions
need to triple their capacity until 2030 to be able to meet the challenge

of the transition.®® Scaling up requires ramping up manufacturing and
maintenance capacities for energy generators and system components,
expanding the supply chain, and advancing energy technology innovation.
Global manufacturing capacities for solar PV and batteries are available

to meet projected demand in 2030 in the IEA Net Zero Emissions scenario
(assuming respective massive and rapid growth), but significant gaps remain
for wind turbines (66%), heat pumps (58%), hydrogen electrolysers (40%)
and fuel cell trucks (39%).5” Hence, governments are currently incentivizing

65 The energy trilemma is a concept from the World Energy Council; World Energy Trilemma Index 2022 Report
(World Energy Council, 2022)

66 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

67 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)
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accelerating domestic production via e.g. the US Inflation Reduction Act,®8 or
the Africa Renewable Energy Manufacturing Initiative.®® However, executives
report organizational capabilities are lacking for scaling up at speed, due
also to talent gaps and supply chain constraints.” In this context, metals

and minerals supply requirements for the production are likely to become a
bottleneck in the future, as nickel and cobalt production needs to double,
while lithium is required to increase sevenfold.”” Hence, speeding up large
capital projects that usually have a lead time of around 10 years is crucial; this
applies to mining and processing plants, but also energy system integration
projects such as grid infrastructure for offshore wind plants. To achieve this,
aligning stakeholder interests and working together, increasing the speed
for planning, shortening time for mandatory approval processes, as well as
building up the required workforce will be necessary.”? In the case of nuclear
reactors, conventional large reactor constructions require several years

and significant capital. Here, new types of small modular reactors (SMR),
designed to produce 10 to 400 megawatts of electricity (compared to 1
gigawatt of large plants), could provide a future solution. SMRs will likely be
mass-manufactured at a central facility, allowing a quicker erection phase
and providing opportunities for new applications (production of heat or green
hydrogen for example). However, mass market applications are more long-
term (around 2035) due to technological, safety and regulatory hurdles.”?

System components, such as batteries, solar PV, solar thermal, electrolysers
for hydrogen generation, heat pumps, smart grids, etc., play a key role

in speeding up progress; they are currently subject to a relatively high
innovation dynamic.” The aim of the respective innovation is to increase
energy performance, cut down costs and substitute material shortages. For
example, in the case of electrolysers for hydrogen, increasing module size
from 1 MW to 20 MW and new manufacturing processes could cut costs by
one third.”®

68 The Global Clean Energy Manufacturing Gap (The White House, 2023)

69 Africa Renewable Energy Manufacturing Initiative (Sustainable Energy for All, 2023)

70 Willing but Not Able? The Energy Transition Has a Scaling Problem (Bain & Company, 2023)

71 Energy Technology Perspectives 2023 (International Energy Agency, 2023); Willing but Not Able? The
Energy Transition Has a Scaling Problem (Bain & Company, 20023); Turning the tide in scaling renewables
(KPMG International, 2023); Supply bottlenecks: Obstacles to growth and energy transition (Deutsche
Bank Research, 2023) and Material bottlenecks in the future development of green technologies (Valero et
al., 2018)

72 Willing but Not Able? The Energy Transition Has a Scaling Problem (Bain & Company, 20023); Turning the tide
in scaling renewables (KPMG, 2023)

73 When It Comes to Nuclear Power, Could Smaller Be Better? (Parshley, 2020)

74 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

75 Green hydrogen cost reduction (International Renewable Energy Agency, 2020)
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DFRREM B S (Bain & Company, 2023) ; BAERTRET RILF—D RS —1) 5 D#ii%EZEZ 5 (KPMG International
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Also, such large expansion in the capacity of solar PV, wind, or low-emission
hydrogen will lead to the release of additional carbon unless low-carbon
solutions are used in manufacturing, re-manufacturing and maintenance.

For example, solar cell manufacturing related carbon emissions vary
depending on the cell type and the energy mix in the production of glass,
silicone and others: manufacturing emissions account for 13-30 gram CO,
emissions per kWh of power generated (g/kWh) over the lifetime of the
cell.”®77 Wind turbine manufacturing lies at 11 g/kWh, huge offshore wind
turbines lie at 6 g/kWh.”® Reducing the environmental footprint of renewables
and increasing circularity with respect to life-time expansion through careful
maintenance, upgrading of existing infrastructure and recovery of secondary
resources after decommissioning will thus all be increasingly important for
reaching net zero. In the future, as the circular economy takes on a greater
role and more shortages of critical raw materials are expected, it will become
increasingly necessary to design for upgrading, re-use, and recycling.”

Standardization perspectives®®

Timeframe category for standardization action:
Short-Term / /

To scale up manufacturing capacities, international standards could facilitate
information sharing on approaches for moving from piece production to
mass-production or to making the leap to mass-production. Respective
guidance could bundle knowledge and provide an overview of available
machine equipment concepts including digital process management. Here,

a focus would need to be placed on the quality of the output products, to
ensure their performance and longevity, and to reduce downtimes due to
failure.®" In addition, the redesign of manufacturing capacities can be seen as
a process innovation. Hence, related standardization activities might benefit
from bridges to innovation and quality management systems.

76 CO, emissions of silicon photovoltaic modules (Reichel et al., 2022)

77 The first three years of zero carbon solar energy pays for the emissions in the production, the remaining
lifetime of 20 years plus is zero emission: The carbon footprint of solar panel manufacturing (Cool
Effect, 2021)

78 How Green Is Wind Power, Really? A New Report Tallies Up The Carbon Cost Of Renewables (Forbes, 2021)

79 For a Circular Energy Transition. Action Plan for Industry, Policymakers and Investors (Green Purposes
Company, 2023)

80 Examples of existing standards related to the area can be found in the Annex.

81 The compatibility and interoperability of the output products within the energy system are additional
prerequisites. Other aspects like occupational health and safety (OSH) must be respected.
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FRRIVEEDH—RY TYhTUk (Cool Effect, 2021)

78 BAFRBEARLICEBICELLON? HLOLKR—IIBERARET R LY —DRFRIRNEES (Forbes, 2021)

79 BREIRILF—~OBTICAITT, £ER, BERIESR, HERAITOITEEHE (Green Purposes Company
2023)

80 CONFHICEET HEEIFDHREOAT, MEEICEHIATOET,
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With respect to product innovation, there are two major levers: increasing
the component performance and replacing critical raw materials as part of a
supply chain de-risking strategy. While in the first instance, existing quality
and reliability testing systems apply (as in established product development
processes), for substituting materials, international standardization activities
might help to give an overview of recent developments especially in the
demonstration and pilot phase. In addition, an assessment scheme to
compare alternatives could help the industry to direct their selection and
testing in the innovation process and respect compatibility with trade and
energy regulation.

There is also a need to provide guidance to improve and accelerate the
speed of the planning and permission process for projects with unusually
long lead times (such as manufacturing sites, mines, energy projects). This
could contribute to achieving regulatory conformity, to providing a social
license to operate and to making projects more attractive to investors.
Here, approaches could cover aspects like bringing together influential and
affected stakeholders (including approval authorities) in an early step to
identify avenues along clear shared objectives. In this context, providing
evidence-based information for decision-making in a clearly understandable
way and for the appropriate communication channels, and providing fair
incentives for affected stakeholder groups will all be relevant.

Reducing carbon intensity in the manufacturing, re-manufacturing, and
maintenance of clean energy technologies will also require new ways of
accounting for the emissions emitted during these processes. Benchmarks
and scoring systems could be introduced that make it possible to weigh the
relative environmental footprints of different processes and their inputs. Here,
standards can play a key role. For example, their scope could be expanded

to make it possible to compare substitutable products across a variety of
factors that may not be linked to their primary use (i.e. energy efficiency in
the manufacturing process, usage of raw materials and the relative energy
intensity of their extraction, repairability, reusability, and recyclability, etc.).

A cross-sectional approach to standardization may be helpful here, rather
than experts evaluating solutions within their primary field of expertise.
Furthermore, guidelines and information would need to be understandable
and usable for a wide range of actors - policymakers, the manufacturing
industry, commercial users, and consumers. In some cases, reducing the
carbon intensity will also require a system-wide redesign (i.e. to reduce energy
waste during energy production, transmission and distribution and use), and
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comprehensive guidance across the full life cycle would be helpful in this
regard.

Breakthrough clean tech innovations

Scaling up innovations (from low-carbon hydrogen to biomethane from
artificial photosynthesis)

ISO Trends driving this need:
Energy / Cyber-physical systems / Environmental degradation /
Tech risks / Biotechnology

The pace of development in clean technologies has been rapid over recent
years, demonstrating what ambitious policy action and open innovation can
achieve. Remarkable gains have been made in evolving the capabilities of
existing technologies and in maturing demonstrators, and new innovations
have emerged in key areas for net zero, such as sodium-ion batteries.t? Leaps
in recent nuclear fusion power lab experiments are promising; however,
many more groundbreaking advancements are needed to fully release the
technology, perhaps taking decades before commercial power plants up and
running.® In the future, the speed and frequency of breakthrough clean-
tech innovations is expected to increase further, supported by regulation,
economic stimulus packages and Al.8* However, fully realizing the potential
of such technologies (some examples are solid-oxide electrolysers,
ammonia used as a fuel in shipping, or low-emission hydrogen-based steel
production)® over the short- to mid-term will require further innovation.
Thus, there is a clear need to speed up innovation and time-to-market to
achieve low-carbon targets.

Experimentation will be crucial for the further development of those clean
technology solutions that currently only exist as a proof of concept and

82 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

83 Momentary Fusion Breakthroughs Face Hard Reality (Gent, 2024)

84 See e.g. Energy Technology Perspectives 2020. Special Report on Clean Energy Innovation: Accelerating
technology progress for a sustainable future (International Energy Agency, 2020); These new technologies
will accelerate the transition to net zero (World Economic Forum, 2023); and How Al Might Change the Way
We Supply and Consume Energy (Wall Street Journal, 2023)

85 All examples from Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update
(International Energy Agency, 2023)
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—HERE, 2023)
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do not yet have the maturity necessary for a full rollout. Among these are
innovations which help to substitute scarce resources (e.g. new generation
batteries, second generation biofuel production from waste and residues),
increase performance in key areas (e.g. a more efficient cell design in PV
monocrystalline wafers), offer new functionalities (such as the creation

of biomethane in a process like photosynthesis),® or reduce costs.
Furthermore, approaches to experimentation and demonstration must enable
learning and the assessment of environmental and social impacts to ensure
that an accelerated time-to-market does not come at unnecessary expense
or with unintended consequences.

Standardization perspectives®’

Timeframe category for standardization action:
Short-Term / Mid-Term /

Standards can impact innovation in a variety of ways, depending on their
principal function (i.e. to codify and share knowledge, to secure quality, to
achieve compatibility, or to reduce market variety).t8 Emerging technologies
have traditionally not been a pressing focus for standardization. However,
standardization activities could potentially provide an important function
in the experimentation and development of new technologies, to improve
social and environmental impacts. For example, there might be a need

for such activities in areas such as the occupational safety of new energy
sources development, installation, maintenance, and decommissioning
(especially for offshore wind farms). In clean technology experiments and
demonstration projects, there is also a need for tools to enable learning
from parallel demonstrations.®®

Furthermore, once technologies hit the market, there is a need to support
policy makers, utilities and investors to assess new technologies against
existing options to enable them to make informed decisions on e.g. energy
efficiency and eco-friendliness. This would require collaboration across
technical committees to develop the respective assessment concept and
knowledge.

86 Mimicking ‘plant power’ through artificial photosynthesis (ACS, 2023)

87 Examples of existing standards related to the area can be found in the Annex.

88 Standards and innovation What does the research say? (ISO, 2022)

89 Net Zero by 2050 A Roadmap for the Global Energy Sector (International Energy Agency, 2021)
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89 2050 FFTITHF YA HEDIFILF—HFADA—FTyT (ERTHRILF—H#E, 2021)
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Negative emission technologies

Enabling progress in carbon dioxide removal utilization and storage
technologies

ISO Trends driving this need:
Energy / Environmental degradation

Carbon Dioxide Removal Utilization and Storage Technologies (CCS/CCUS)®°
have been discussed for some time in the context of the transition to net zero
energy futures.® Both the IPCC and the IEA stress the role that CCUS could
play for reaching net zero targets, as an important technology for removing
carbon emissions that cannot be avoided or reduced directly (as in the case
of irreplaceable fossil power plants in energy intensive industries such as
cement production).®? But technological and regulation challenges have so
far slowed down progress.®® However, in recent years a considerable degree
of momentum has been achieved in installations and legislative changes, e.g.
in the US, UK, the EU, Indonesia, China and Japan, with currently around 500
ongoing projects internationally.® If all of these planned projects are realized,
carbon capture capacity would expand eightfold to 400 Mt CO, annually by
2030.%% In addition, new innovations of atmospheric carbon removal through
Direct Air Capture (DAC) are in the demonstration phase.® With many
nations having announced stronger climate targets, investment into negative
emissions technologies will clearly increase in the future as they are able to
counter emissions in sectors where other options are (currently) limited.

At the same time, there is considerable criticism and skepticism towards
negative emission technologies, e.g. with concerns that they might be
counterproductive for progress towards greenhouse gas (GHG) reduction

90 These technologies allow for the capturing of carbon dioxide (which is emitted from sources such as fossil fuel
power plants) so that it can be stored or used; see e.g. Carbon Capture, Utilisation and Storage (International
Energy Agency, 2023)

91 Carbon Capture, Utilisation and Storage (International Energy Agency, 2023)

92 CCUS in Clean Energy Transitions (International Energy Agency, 2020)

93 Climate Change 2022. Mitigation of Climate Change: Summary for Policymakers (Intergovernmental Panel On
Climate Change, 2022); Carbon Capture, Utilisation and Storage (International Energy Agency, 2023); Critical
Role for CCUS Highlighted in Latest IPCC Report. What's Next? (International Energy Forum, 2022). Progress
in CCUS would initially involve retrofitting existing fossil fuel-based power and industrial plants, primarily in
the production of cement and chemicals. Over time, as the focus shifts from CCS/CCUS to Direct Air Capture
(DAC), contribution to emissions reductions will increase.

94 Carbon Capture, Utilisation and Storage (International Energy Agency, 2023)

95 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)

96 Direct Air Capture. A key technology for net zero (International Energy Agency, 2022)

o

30

ISO Foresight Brief — Energy Sources 2030+


https://www.iso.org/foresight/energy.html
https://www.iso.org/foresight/environmental-degradation.html
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/reports/ccus-in-clean-energy-transitions
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.ief.org/news/critical-role-for-ccus-highlighted-in-latest-ipcc-report-whats-next
https://www.ief.org/news/critical-role-for-ccus-highlighted-in-latest-ipcc-report-whats-next
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://iea.blob.core.windows.net/assets/78633715-15c0-44e1-81df-41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf

RAT14T IV 3BT
ZBEEFEBREFFS LSRR DESFTHEIZT S

CD=—X%HHET SISO FLUEF:
IRILF—/BIESIE

ZERERFRBREFAS SUITERMT (CCS/CCUS)® (&, RybERIRILF—
DREADBITOIAVTFAMTRVEEERSNTEEL R, ° IPCC L [EA [£E
503, BEEOSELIFEBTERVRFHEERETIEELRMELT, v
FEOBZEDZERIZ CCUS NRETHREIZHIALTVET (EAVPEELREDT
FILF—EHNBEZICE TR ZOLBNMERREEEROBEHE) 2L
ML, SRNETOESA, BB LURHI LORBICKYES TENTHNET . *
=120, BE, BECEREICEVTHZYDBNASETNTOET, KE, EE,
EU, /2RI 7, A, BARTIEI TIZH5000 TRz /A ERMIZEITH T
T INODEHESNETAS NI RTERT L, 2030FFTITKRFME
URBENILSEDERMELCOITIRALE T, ® 512, BEEEREIN(DAC) 2L
BREHDEFBBREDHFLVNA/AR—LaV NEEREICHYET . *© Z<DOEH
FYBLLWSRIRBZEZERLTNIIEND, thDBIREAGREX) ESATNS
TIA—TOHEICHINTESRS, SRIIRFATTATIIvIavEfi~DOFREMN
BALMIZEMT S TLES,

B, FATATIIvIavBEMISHLTIE, BEHRHR (GHG) HIEE LU
B BB DERICENREGD RN H D, HAHNESFTELIRIERR

9

o

INHDOEMICKY, ERBRBEBALGEDHKERNMSHHIND) ZBIERFLZENLTEHEBEEIFERATES LIS

BYET, Bl kFREUR, FIA, B (ERTRILF—H#E, 2023)

91 FREMUR, FIA, B (ERTHR/LF—H#E, 2023)

92 PN)—UIRINF—BITIZH T2 (EFETFILF—H#EE, 2020)

93 KUEZHH2022, [IFEBOEM: BURILRE M (HRE (SIREBCRIT HBFFRE/ SFRIL, 2022) ; kFEUR, FIA, ITE
(EBTRILF—H#ES, 2023) ;. HHFDIPCCIEE THMASNI-CCUSDEELEKE, RITM? (AFETHRILF—T+—
S .1, 2022) CCUSDESZ(E, EICEAVRALZRDEEICE TR EFEDIEBRBA—ADOFHEEREIETSVIDKR
EHREFENET BROZBELLIZ, £AHCCS / COUSHDERZERMEIN(DAC) ITHITT HITONT, Bt EHIE
~DERMSEMLET

94 RFEMR, FA, Frd (ERTRLF—#E, 2023)

95 RybEAA—RTYT:15° CEENEREHIFTH-ODHRMER, 202357 v T T—r(ERTI/LF—H#E,

2023)

EEZRER, *yhEOOEBERM (BETRILF—H#E, 2022)

w

9

>

30

ISOT#+7 4 A MEE - TRILF—iR 2030+


https://www.iso.org/foresight/energy.html
https://www.iso.org/foresight/environmental-degradation.html
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/reports/ccus-in-clean-energy-transitions
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.ief.org/news/critical-role-for-ccus-highlighted-in-latest-ipcc-report-whats-next
https://www.iea.org/energy-system/carbon-capture-utilisation-and-storage
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://iea.blob.core.windows.net/assets/78633715-15c0-44e1-81df-41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf

and avoidance strategies or concerning various risks.®” For example, there
can be detrimental environmental and social impacts, e.g. regarding land
use, use of energy, or the rights of local communities.®® If captured CO, is
used as a raw material in the production of synthetic fuels, chemicals, or
building materials, the risk of toxic emission release must also be minimized.
Transport and long-term storage, either geologic, in plants or soils, or in
oceans, can also lead to tensions or conflicts with other environmental uses
and functions. Capturing and storage of CO, requires individual solutions
for the geological, social and technical context, transparent and reliable
management that establishes long-term monitoring and contingency plans to
avoid future CO, losses.

Standardization perspectives®

Timeframe category for standardization action:
/ Mid-Term / Long-Term

Various existing standards are relevant in the context of the CO, capture
system, transportation, storage, and lifecycle risk assessment. However,
there is room for additional activities. With numerous new CCUS and CCS
ventures announced every year, new standards which cover the full
lifecycle of relevant projects (design, construction, commissioning, use,
maintenance, inspection, end of life, risk management) could support
businesses in rolling out new projects. New areas for standardization could
be relevant for example concerning CO, storage sites, such as in oil and
gas fields, or in deep salient geological formations. Another important

area for developing standards would be for post-closure of sites, in terms

of monitoring and measurement after CO, injection operation is complete
and wells are closed and no more CO, is going into the geological storage.
This relates also to CO, utilization after it has been stored in geological
formations. CO, utilization as a fluid for geothermal energy use in deep
geological sites is one example. There could be other examples in the future
that could involve taking CO, out of the storage for some use. Furthermore,
new areas for standardization could be relevant for example concerning CO,
transportation by tankers, on trucks and trains.

97 Carbon Capture and Storage. Contribution to the discussion on its integration into national climate action
strategies (Umweltbundesamt / German Environment Agency, 2023)

98 7 Things to Know About Carbon Capture, Utilization and Sequestration (World Resources Institute, 2023)

99 Examples of existing standards related to the area can be found in the Annex.
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Additional areas could lie in new technologies like direct air capture,
measurement of CO, losses, CO, storage by mineral carbonation, and the
overarching evaluation of CCS and CCUS projects from a holistic lifecycle
perspective. On a further note, it might be useful to check if the reliable
measurement of the key performance of CCS/CCUS is addressed sufficiently,
concerning the accounting of CO, emissions removed from the atmosphere
or captured directly during the burning of fossil fuels. The ISO 14000 family,
Environmental management, already provides key metrics to access, monitor,
and verify GHG emissions - however, these may not be specific enough.

Also, if specific benchmarks are available, ambitious projects will be more
likely to attract capital. Sufficiently financed, innovative approaches have

a better chance of success, leading to improvement leaps in the field. In
addition, clearly communicated high level standards for CCUS/CCS will make
it easier for projects to gain public approval, a key issue for the mass roll-
out expected in the coming decade. There may also be a need for specific
activities around risk management and assessment (e.g. concerning storage),
as well as guidance around engagement of the public concerning decision-
making and the identification of potential sites. Specifically, for example,

risk management for cluster CCS/CCUS projects, where multiple sources of
captured CO, are channeled into the same pipeline network for transportation
to multiple sites for storage and/or utilization. Standards providing guidance
into different aspects of such an approach would be important.

Energy efficiency and carbon emission measurement

Enabling transparency concerning efficiency gains and emissions
reporting

ISO Trends driving this need:
Energy / Environmental degradation / Connectivity / Power
transition

In the shift to low-emission energy production methods many industries
will undergo major changes that will fundamentally affect competition (e.g.
in the energy intensive steel sector, hydrogen steelmaking has the lowest
carbon intensity but would require very high CO, prices of USD 500 to 750
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https://www.iso.org/foresight/environmental-degradation.html
https://www.iso.org/foresight/connectivity.html
https://www.iso.org/foresight/power-transition.html
https://www.iso.org/standards/popular/iso-14000-family

per ton to be competitive).”® New and established players will use different
strategies, methods, and technologies to reach decarbonization targets,
which will lead to changes in market structures and value chains globally.”
At the same time, carbon pricing through emission trading schemes or
carbon taxes is gaining speed globally, and is also expected to fundamentally
change markets.'°? In addition, the voluntary carbon market is expected to
increase fivefold by 2030.° For companies, success in meeting the new
requirements will have a tremendous impact on an organization’s public
standing, on the marketability of its products and services and on its ability
to attract financing, especially in developing markets.’°4 In this environment,
climate pledges and actions must be truthfully and trustfully accounted

for, which requires clear principles for energy efficiency accounting and

the measurement of carbon emissions.'®® In a world increasingly driven

by sustainability and ‘emissions awareness’, consumers,'°¢ investors,'%’

and managers must be able to make well-informed, performance-based
decisions.

In this context, especially when energy-intensive materials like steel, cement,
and hydrogen fuels are labeled ‘green’ or ‘low-carbon’, the scope and
boundaries of this declaration need to be clear.®® Principles for measurement
of related GHG emissions must allow for comparison, for accounting and for
calculation over the entire lifecycle of a product.

Standardization perspectives'®®

Timeframe category for standardization action:
Short-Term / Mid-Term /

100 Numbers from Low-carbon steel. A global cost comparison (EWI, 2022); Further insights: An affordable,
reliable, competitive path to net zero (McKinsey & Company, 2023); Leading in a low-carbon future
(Deloitte, 2021)

101 Decarbonizing the world's industries: A net-zero guide for nine key sectors (McKinsey & Company, 2023)

102 At the end of 2023, 73 carbon pricing initiatives were implemented in 39 countries, accounting for 23%
of global emissions. Many more are in planning or under consideration. Carbon pricing dashboard (World
Bank, 2024)

103 Shell and BCG's new report shows accelerated growth in carbon markets (Shell, 2023)

104 Sustainable Finance in Emerging Markets is Enjoying Rapid Growth, But May Bring Risks (International
Monetary Fund, 2022)

105 ESG ratings and climate transition (OECD, 2022)

106 Studies show that carbon footprint labels influence consumer choice; Can Carbon Footprint Information
Influence Consumer Choice? (Accounting for Transparency, 2023)

107 Stock Market investors value low emitting companies at average market prices, while high emitters are
traded at around 37% lower than their peers; high emitters have an incentive to invest in decarbonization.
How much do investors care about carbon emissions? A new study sheds light (World Economic Forum, 2023)

108 See e.g. What is green steel and why does the world need more of it? (World Economic Forum, 2022)

109 Examples of existing standards related to the area can be found in the Annex.
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https://www.ewi.uni-koeln.de/cms/wp-content/uploads/2022/12/221209_EWI_H2-Steel_Low-carbon-steel.pdf
https://www.ewi.uni-koeln.de/cms/wp-content/uploads/2022/12/221209_EWI_H2-Steel_Low-carbon-steel.pdf
https://www.mckinsey.com/capabilities/sustainability/our-insights/an-affordable-reliable-competitive-path-to-net-zero
https://www.mckinsey.com/capabilities/sustainability/our-insights/an-affordable-reliable-competitive-path-to-net-zero
https://www2.deloitte.com/uk/en/insights/topics/strategy/low-carbon-future.html
https://www.mckinsey.com/capabilities/sustainability/our-insights/decarbonizing-the-world-industries-a-net-zero-guide-for-nine-key-sectors
https://carbonpricingdashboard.worldbank.org/
https://www.shell.com/business-customers/trading-and-supply/trading/news-and-media-releases/shell-and-bcgs-new-report-shows-accelerated-growth-in-carbon-markets.html
https://www.imf.org/en/Blogs/Articles/2022/03/01/sustainable-finance-in-emerging-markets-is-enjoying-rapid-growth-but-may-bring-risks
https://doi.org/10.1787/2fa21143-en
https://www.accounting-for-transparency.de/can-carbon-footprint-information-influence-consumer-choice/
https://www.accounting-for-transparency.de/can-carbon-footprint-information-influence-consumer-choice/
https://www.weforum.org/agenda/2023/03/investors-can-care-about-firms-regulated-carbon-emissions/
https://www.weforum.org/agenda/2022/07/green-steel-emissions-net-zero/
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101 HRADEEDB KRR 9 DOEELIE—AITOFR YA HAF (McKinsey & Company, 2023)

102 2023 £FRFETIZ, 39 MET 73 HORRMERTEA =T FINERSN, HRADHHEED 23% ZHHFEL, IBITE
{DA=LT7FINEEAHREFRAPTT  REMGRES v R—F (HFIRIT, 2024)

103 Shell& BCG MFLLILAR—FTIE, ETIHEOBRAMEL TSI EMNRENTLVET (Shell, 2023)

104 iFEMBICH T PFMARLGEMEBRRREZRTTOETH, YRVELLLT ARSI HYET (EREERESE, 2022)

105 ESG #&F(+&KIZRZEEN (OECD, 2022)
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109 CORFICEET 2BREOHREDHIL, MEZCEHESATHES,
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https://www.ewi.uni-koeln.de/cms/wp-content/uploads/2022/12/221209_EWI_H2-Steel_Low-carbon-steel.pdf
https://www.mckinsey.com/capabilities/sustainability/our-insights/an-affordable-reliable-competitive-path-to-net-zero
https://www.mckinsey.com/capabilities/sustainability/our-insights/an-affordable-reliable-competitive-path-to-net-zero
https://www2.deloitte.com/uk/en/insights/topics/strategy/low-carbon-future.html
https://www.mckinsey.com/capabilities/sustainability/our-insights/decarbonizing-the-world-industries-a-net-zero-guide-for-nine-key-sectors
https://carbonpricingdashboard.worldbank.org/
https://www.shell.com/business-customers/trading-and-supply/trading/news-and-media-releases/shell-and-bcgs-new-report-shows-accelerated-growth-in-carbon-markets.html
https://www.imf.org/en/Blogs/Articles/2022/03/01/sustainable-finance-in-emerging-markets-is-enjoying-rapid-growth-but-may-bring-risks
https://doi.org/10.1787/2fa21143-en
https://www.accounting-for-transparency.de/can-carbon-footprint-information-influence-consumer-choice/
https://www.accounting-for-transparency.de/can-carbon-footprint-information-influence-consumer-choice/
https://www.weforum.org/agenda/2023/03/investors-can-care-about-firms-regulated-carbon-emissions/
https://www.weforum.org/agenda/2023/03/investors-can-care-about-firms-regulated-carbon-emissions/
https://www.weforum.org/agenda/2022/07/green-steel-emissions-net-zero/

Contributions from standardization could lie in providing a clear reference
for emission numbers - which is relevant for fulfilling climate pledges,
accounting for carbon pricing, emission regulation, and fact-based
reporting such as the tracking of national climate announcements or
organization's ESG™"° reports. Hence it contributes to avoiding greenwashing,
including the specification of what good practice means and guidelines

for implementation and clear definitions of the scope of each terminology
and practice. The IEA explicitly calls for advanced international cooperation
in setting standards and definitions, while flagging to avoid creating new
measurement methods for emission intensity, and instead revising the
processes on measurement methods and data collection.™ While some
organizations already have their own standards like GHG protocol or SBTi
protocol (Science Based Targets initiative), international standardization
activities could cover the international cooperation addressed by IEA. Such
activities could provide guidance and transparency on emission accounting:
which approach in terms of calculation methods to take, and where and how
to get reliable data. In a comparable way, an approach to accounting energy
efficient and low-carbon products could be addressed, providing a baseline
for certification and compliance that consumers can trust.

Many voluntary standards and initiatives currently exist, e.g. ISO 50001:
2018, Energy management systems — Requirements with guidance for use
provides energy efficiency performance-based management standards to
ensure comparability for energy efficient and low-carbon solution choices.
However, these often do not provide specific numeric targets which makes it
challenging for private and business customers to determine the emissions
impact of purchasing decisions. Furthermore, manufacturers would benefit
from a reliable cross-sectoral standardization roadmap to compare
emissions across the supply chain to determine the most energy- or
carbon-efficient approach to create a product. Such a tool could then be
used to calculate science-based, easily comparable emission intensities
across all sectors. Also, there is a potential need concerning standardization
for new green steel or green cement that all producers rely upon. This could
provide a set of criteria to evaluate and certify sectoral products, encourage
innovation, and accelerate the transformation by including all relevant GHG
emissions over the entire lifecycle.

110 The acronym ESG refers to environmental, social and governance.
111 Net Zero Roadmap: A Global Pathway to Keep the 1.5°C Goal in Reach. 2023 Update (International Energy
Agency, 2023)
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Outlook = What's next?

To meet climate goals the transformation
towards net zero must be accelerated. Change
and innovation in the energy sector aimed at
replacing existing carbon-heavy generation and
infrastructure with renewable and low-carbon
solutions can dramatically reduce emissions and
contribute to reaching the net zero target.

However, despite progress in recent years, challenges such as financing,
approval processes and supply chain constraints persist. In coming years,
additional challenges are expected, including rising global energy demand
and possible material bottlenecks, as well as the need to grapple with more
adverse climate conditions such as droughts and heatwaves.

Supporting the energy transition is critical. The future needs presented
here exemplify areas where additional improvements and innovation will
be necessary, and where standardization could contribute to respective
solutions. The areas identified as respective future needs include:

« enabling businesses and consumers to reliably assess the
environmental and social impacts of different technologies,

» promoting interoperability,

« increasing the resilience and structural integrity of the energy system,
« supporting low-carbon manufacturing and maintenance, and

- enabling clean and negative emissions technologies.

Standardization could contribute to respective solutions in a variety of

ways, ranging from guidance concerning tools and processes, to supporting
cooperative innovation and building on and extending existing standards and
activities for enabling sustainability.
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Many of the insights collected in the process also stress that more cross-
cutting work in standardization might be needed to enable the systemic
scope of change that will be necessary. For example, guidelines for energy
management can support energy providers and consumers with demand
response management, reducing energy costs and improving reliability
issues often associated with low-carbon energy sources. International
standards could address this by providing approaches to deal with the
multiple horizontal issues of structural integrity, reliability, security and
sustainability. This might, however, require new ways of cross-cutting work
for technical committees.

Some further highlights are presented below in more detail, showcasing
one example of a possible standardization action for each future need, the
section above provides a wider picture.

Future need Possible standardization action (example only)

Ingrained International standards and guidelines that enable
interoperability integration of new energy sources and technologies
(such as smart grids) into existing energy systems
(including into e.g. distributed systems) will be
critical. There is also a clear need for standards
that increase interoperability between supply and
demand, such as in bi-directional flows of both

energy and data.
Resilience and Standards could help to create a good understanding
structural integrity of the key issues of structural integrity and flexibility

measures to enable decision makers from smaller
organizations to navigate multiple alternative options
when aiming to enhance flexibility in the energy
system. Technology standards, for example for direct
power conversion innovations (such as e.g. fuel cells),
would support users to gain confidence in a new
option and increase opportunities for more actors to
implement the technology.
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Future need

Low-carbon
manufacturing
and maintenance

Breakthrough clean
tech innovations

Negative
emission technologies

Energy efficiency
and carbon
emission measurement

Possible standardization action (example only)

Reducing carbon intensity in the manufacturing,
re-manufacturing, and maintenance of clean energy
technologies will also require new ways of accounting
for the emissions emitted during these processes.
Standards could make it possible to compare
substitutable products across a variety of factors that
may not be linked to their primary use (i.e. energy
efficiency in the manufacturing process, usage

of raw materials and the relative energy intensity

of their extraction, repairability, reusability, and
recyclability, etc.).

There is a clear need for guidance to support

policy makers, utilities and investors to assess new
technologies against existing options to enable

them to make informed decisions on e.g. energy
efficiency and eco-friendliness.” This would require
collaboration across technical committees to develop
the respective assessment concept and knowledge.

With numerous new CCUS and CCS ventures
announced every year, new standards which
cover the full lifecycle of relevant projects (design,
construction, commissioning, use, maintenance,
inspection, end of life, risk management) could
support businesses in rolling out new projects.

Standardization could provide a clear reference for
emission numbers, which are relevant for fulfilling
climate pledges, accounting for carbon pricing,
emission regulation, and fact-based reporting such
as the tracking of national climate announcements or
organization’s ESG reports.

112 1SO 50001:2018, Energy management systems — Requirements with guidance for use is covering energy
efficiency, and I1ISO 14067:2018, Greenhouse gases — Carbon footprint of products — Requirements and
guidelines for quantification is covering carbon footprint of products. 1ISO/TC 197/SC 1, Hydrogen at scale
and horizontal energy systems develops ISO/TS 19870:2023, Hydrogen technologies — Methodology for
determining the greenhouse gas emissions associated with the production, conditioning and transport
of hydrogen to consumption gate (based on ISO 14067:2018, Greenhouse gases — Carbon footprint of
products — Requirements and guidelines for quantification) to provide a methodology for GHG footprint
assessment of the hydrogen supply chain as a product.
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Next steps for standardization to enhance the net zero transition

Experts contributing to the process underlying this brief stressed one
conclusion: It will be important to act immediately, or, as one interviewee put
it: “The time to act is now - there is no time for hesitation. We should move
ahead as swiftly as we can, step by step”.

The insights from this Foresight Brief aim to enable such further action, by
providing a springboard for follow-up activities, in the form of a structured
starting point for further reflection in the standardization community on
where and how standardization can continue to enable the shift towards a
sustainable energy system.

Taking this Foresight Brief as springboard for action, the following steps can
be considered:

1. Empower foresight dialogues in the ISO technical committees to use
the insights from the Foresight Brief and underlying consultations in
the design process of their future work program.

2. Set up strategic reflections within the ISO organization on how to
better address cross-cutting topics to be able to better find solutions
for systemic complex issues of net zero transition and sustainable
development.

3. Enable ISO members to use insights from Foresight Brief to discuss
relevant issues for standardization with governments, industry and
research organizations.

4. Continue thinking about prospects for standardization, by scanning
ongoing developments and think in what if ... questions to uncover
future opportunities to which the standardization work of ISO could
offer solutions.
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Questions to the future

What if...

... Individuals and businesses receive
tax credits based on yearly energy
efficiency gains?

What if...

...a battery storage revolution meant
that large-scale grids were no longer
needed?

What if...

... Al grids become self-governing?
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Annex

Examples of existing ISO standards and
standardization activities per future need

This section lists existing ISO standardization activities for each of the future
needs, as identified in the process. Therefore, the lists may not be exhaustive
and all-encompassing; however, they can provide a starting point for future
activities on standardization in the respective areas.

Ingrained interoperability

Reference Title Technical Committee

ISO/IEC 13273-1:2015  Energy efficiency and renewable ISO/TC 301
energy sources—Common
international terminology — Part 1:
Energy efficiency

ISO 16079-1:2017 Condition monitoring and ISO/TC 108/SC 5
diagnostics of wind turbines— Part
1: General guidelines

ISO 17800:2017 Facility smart grid ISO/TC 205
information model

ISO 24194:2022 Solar energy — Collector fields— ISO/TC 180/SC 4
Check of performance

ISO/IEC 27019:2017 Information technology— Security ~ ISO/IEC JTC 1/SC 27
techniques— Information
security controls for the energy
utility industry

ISO 32210:2022 Sustainable finance— Guidance ISO/TC 322
on the application of sustainability
principles for organizations in the
financial sector

ISO 50001:2018 Energy management systems— ISO/TC 301
Requirements with guidance
for use
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https://www.iso.org/standard/62606.html
https://www.iso.org/committee/6077221.html
https://www.iso.org/standard/55634.html
https://www.iso.org/committee/51538.html
https://www.iso.org/standard/71547.html
https://www.iso.org/committee/54740.html
https://www.iso.org/standard/78074.html
https://www.iso.org/committee/54032.html
https://www.iso.org/standard/68091.html
https://www.iso.org/committee/45306.html
https://www.iso.org/standard/77776.html
https://www.iso.org/committee/7203746.html
https://www.iso.org/standard/69426.html
https://www.iso.org/committee/6077221.html
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V518
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I1SO 24194:2022 JERIFRV—FT IR IEEEET /L ISO/TC 180/SC 4
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https://www.iso.org/standard/62606.html
https://www.iso.org/committee/6077221.html
https://www.iso.org/standard/55634.html
https://www.iso.org/committee/51538.html
https://www.iso.org/standard/71547.html
https://www.iso.org/committee/54740.html
https://www.iso.org/standard/78074.html
https://www.iso.org/committee/54032.html
https://www.iso.org/standard/68091.html
https://www.iso.org/committee/45306.html
https://www.iso.org/standard/77776.html
https://www.iso.org/committee/7203746.html
https://www.iso.org/standard/69426.html
https://www.iso.org/committee/6077221.html

Resilience and structural integrity

Reference

ISO 17800:2017

ISO/IEC 30101:2014

ISO 50001:2018

Low-carbon manufacturing and maintenance

Reference

ISO 4233:2023

ISO 9001:2015

ISO 9806:2017

ISO 9845-1:2022

ISO 14040:2006

ISO 16079-1:2017

ISO 18229:2018

Title

Facility smart grid
information model

Information technology — Sensor
networks: Sensor network and its
interfaces for smart grid system

Energy management systems—
Requirements with guidance

for use

Title

Reactor technology — Nuclear fusion
reactors— Hot helium leak testing
method for high temperature
pressure-bearing components in
nuclear fusion reactors

Quality management
systems— Requirements

Solar energy - Solar thermal
collectors— Test methods

Solar energy — Reference solar
spectral irradiance at the ground

at different receiving conditions—
Part 1: Direct normal and
hemispherical solar irradiance for air

mass 1,5

Environmental management- Life
cycle assessment- Principles

and framework

Condition monitoring and
diagnostics of wind turbines— Part 1:

General guidelines

Essential technical requirements for
mechanical components and metallic
structures foreseen for Generation IV

nuclear reactors

Technical Committee

ISO/TC 205

ISO/IEC JTC 1/SC 41

ISO/TC 301

Technical Committee

ISO/TC 85/SC 6

ISO/TC 176/SC 2

ISO/TC 180

ISO/TC 180/SC 1

ISO/TC 207/SC 5

ISO/TC 108/SC 5

ISO/TC 85/SC 6
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https://www.iso.org/standard/71547.html
https://www.iso.org/committee/54740.html
https://www.iso.org/standard/53221.html
https://www.iso.org/committee/6483279.html
https://www.iso.org/standard/69426.html
https://www.iso.org/committee/6077221.html
https://www.iso.org/standard/79826.html
https://www.iso.org/committee/50354.html
https://www.iso.org/standard/62085.html
https://www.iso.org/committee/53896.html
https://www.iso.org/standard/67978.html
https://www.iso.org/committee/54018.html
https://www.iso.org/standard/79989.html
https://www.iso.org/committee/54024.html
https://www.iso.org/standard/37456.html
https://www.iso.org/committee/54854.html
https://www.iso.org/standard/55634.html
https://www.iso.org/committee/51538.html
https://www.iso.org/standard/61829.html
https://www.iso.org/committee/50354.html

LY IV R EEEN T

BRES
1SO 17800:2017

ISO/IEC 30101:2014

£ FR

JERFRV—FI YR IEERE T/

BT — PRI, T—2 >
BRI T—ORUFEDIV—FT

RFEL>ZTT—X
ISO 50001:2018 TRNF—VEAN R TL—
ERFBER FIFDFS
BRFEHESLVATFVR
BRES 25

ISO 4233:2023

ISO 9001:2015

ISO 9806:2017

ISO 9845-1:2022

ISO 14040:2006

ISO 16079-1:2017

ISO 18229:2018

XBTHNF——B 58
W EEEXG 5 A ATIRE —F 150 B
BEERUVFHRAGHE

A — B AT — A AD
BB AR DBEN D LRI
B5%

BEVESAN SR TL—EREE

AXB T/ F+——KGEREE— 5
T

RSB

BEVRAN =S 7Y 1IN Tt
RAf—[FRY B O FE# 7

BEDUREERRVZE—F 155 —
VL5/-F 78

B RFIFIC FREEN SHHIEAET
RBRVEBIEEYIH T SLERANE
REE

EfERS
ISO/TC 205

ISO/IEC JTC 1/SC 41

ISO/TC 301

EfERS
ISO/TC 85/SC 6

ISO/TC 176/SC 2

ISO/TC 180

ISO/TC 180/SC 1

ISO/TC 207/SC 5

ISO/TC 108/SC 5

ISO/TC 85/SC 6

ISOT#+7 4 A MEE - TRILF—IR 2030+

a1


https://www.iso.org/standard/71547.html
https://www.iso.org/committee/54740.html
https://www.iso.org/standard/53221.html
https://www.iso.org/committee/6483279.html
https://www.iso.org/standard/69426.html
https://www.iso.org/committee/6077221.html
https://www.iso.org/standard/79826.html
https://www.iso.org/committee/50354.html
https://www.iso.org/standard/62085.html
https://www.iso.org/committee/53896.html
https://www.iso.org/standard/67978.html
https://www.iso.org/committee/54018.html
https://www.iso.org/standard/79989.html
https://www.iso.org/committee/54024.html
https://www.iso.org/standard/37456.html
https://www.iso.org/committee/54854.html
https://www.iso.org/standard/55634.html
https://www.iso.org/committee/51538.html
https://www.iso.org/standard/61829.html
https://www.iso.org/committee/50354.html

Reference Title Technical Committee

ISO 22975-1:2016  Solar energy — Collector components  ISO/TC 180
and materials— Part 1: Evacuated
tubes— Durability and performance

ISO 24194:2022 Solar energy — Collector fields— ISO/TC 180/SC 4
Check of performance
ISO 56002:2019 Innovation management— ISO/TC 279

Innovation management
system— Guidance

ISO 59004:2024 Circular economy - Vocabulary, ISO/TC 323
principles and guidance
for implementation

ISO 59020:2024 Circular economy - Measuring and ISO/TC 323
assessing circularity performance

IEC 61400-4:2012  Wind turbines— Part 4: IEC/TC 88
Design requirements for wind
turbine gearboxes

Breakthrough clean tech innovations

Reference Title Technical Committee
ISO 14067:2018 Greenhouse gases— Carbon ISO/TC 207/SC 7
footprint of products -
Requirements and guidelines
for quantification
ISO 14687:2019 Hydrogen fuel quality - ISO/TC 197
Product specification
ISO 17268:2020 Gaseous hydrogen land vehicle ISO/TC 197
refuelling connection devices
ISO/TS 19870:2023 Hydrogen technologies— ISO/TC197/SC 1

Methodology for determining
the greenhouse gas emissions
associated with the production,
conditioning and transport of
hydrogen to consumption gate

ISO 19881:2018 Gaseous hydrogen-Land vehicle |ISO/TC 197
fuel containers
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https://www.iso.org/standard/61993.html
https://www.iso.org/committee/54018.html
https://www.iso.org/standard/78074.html
https://www.iso.org/committee/54032.html
https://www.iso.org/standard/68221.html
https://www.iso.org/committee/4587737.html
https://www.iso.org/standard/80648.html
https://www.iso.org/committee/7203984.html
https://www.iso.org/standard/80650.html
https://www.iso.org/committee/7203984.html
https://webstore.iec.ch/publication/5447
https://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID,FSP_LANG_ID:1282,25
https://www.iso.org/standard/71206.html
https://www.iso.org/committee/546318.html
https://www.iso.org/standard/69539.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/68442.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/65628.html
https://www.iso.org/committee/9387084.html
https://www.iso.org/standard/65029.html
https://www.iso.org/committee/54560.html
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https://www.iso.org/standard/61993.html
https://www.iso.org/committee/54018.html
https://www.iso.org/standard/78074.html
https://www.iso.org/committee/54032.html
https://www.iso.org/standard/68221.html
https://www.iso.org/committee/4587737.html
https://www.iso.org/standard/80648.html
https://www.iso.org/committee/7203984.html
https://www.iso.org/standard/80650.html
https://www.iso.org/committee/7203984.html
https://webstore.iec.ch/publication/5447
https://www.iec.ch/dyn/www/f?p=103%3A7%3A0%3A%3A%3A%3AFSP_ORG_ID%2CFSP_LANG_ID%3A1282%2C25
https://www.iso.org/standard/71206.html
https://www.iso.org/committee/546318.html
https://www.iso.org/standard/69539.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/68442.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/65628.html
https://www.iso.org/committee/9387084.html
https://www.iso.org/standard/65029.html
https://www.iso.org/committee/54560.html

Reference Title Technical Committee

1ISO 19882:2018 Gaseous hydrogen— Thermally ISO/TC 197
activated pressure relief devices
for compressed hydrogen vehicle
fuel containers

ISO 19885-1:2024 Gaseous hydrogen- Fuelling ISO/TC 197
protocols for hydrogen-fuelled
vehicles— Part 1: Design and
development process for
fuelling protocols

ISO/FDIS 19887 Gaseous Hydrogen— Fuel system  ISO/TC 197
components for hydrogen
fuelled vehicles

ISO/AWI 19991 Reactor technology — ISO/TC 85/SC 6
Experimental magnetic
confinement fusion reactor—
Supersonic molecular beam
injection fueling technique for
nuclear fusion devices

ISO 50001:2018 Energy management systems— ISO/TC 301
Requirements with guidance
for use

ISO 56002:2019 Innovation management— ISO/TC 279

Innovation management
system— Guidance

IEC/TR 63335:2021 Nuclear power plants— IEC/TC 45/SC 45A
Instrumentation and control
systems, control rooms and
electrical power systems—
Specific features of small
modular reactors and needs
regarding standards

IEC/TR 63468:2023 Nuclear facilities— Instrumentation |EC/TC 45/SC 45A
and control, and electrical
power systems — Artificial
Intelligence applications
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https://www.iso.org/standard/64655.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/82556.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/65490.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/86045.html
https://www.iso.org/committee/50354.html
https://www.iso.org/standard/69426.html
https://www.iso.org/committee/6077221.html
https://www.iso.org/standard/68221.html
https://www.iso.org/committee/4587737.html
https://www.vde-verlag.de/iec-normen/249627/iec-tr-63335-2021.html
https://www.iec.ch/dyn/www/f?p=103:7:6810745051732::::FSP_ORG_ID:1358
https://www.vde-verlag.de/iec-normen/251834/iec-tr-63468-2023.html
https://www.iec.ch/dyn/www/f?p=103:7:6810745051732::::FSP_ORG_ID:1358
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https://www.iso.org/standard/64655.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/82556.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/65490.html
https://www.iso.org/committee/54560.html
https://www.iso.org/standard/86045.html
https://www.iso.org/committee/50354.html
https://www.iso.org/standard/69426.html
https://www.iso.org/committee/6077221.html
https://www.iso.org/standard/68221.html
https://www.iso.org/committee/4587737.html
https://www.vde-verlag.de/iec-normen/249627/iec-tr-63335-2021.html
https://www.iec.ch/dyn/www/f?p=103%3A7%3A6810745051732%3A%3A%3A%3AFSP_ORG_ID%3A1358
https://www.vde-verlag.de/iec-normen/251834/iec-tr-63468-2023.html
https://www.iec.ch/dyn/www/f?p=103%3A7%3A6810745051732%3A%3A%3A%3AFSP_ORG_ID%3A1358

Negative emission technologies

Reference Title Technical Committee

ISO 14001:2015 Environmental management ISO/TC 207/SC1
systems — Requirements with
guidance for use

ISO/TR 27912:2016 Carbon dioxide capture - ISO/TC 265
Carbon dioxide capture
systems, technologies and
processes

ISO 27913:2016 Carbon dioxide capture, ISO/TC 265
transportation and
geological storage - Pipeline
transportation systems

ISO 27914:2017 Carbon dioxide capture, ISO/TC 265
transportation and geological
storage — Geological storage

ISO/TR 27915:2017 Carbon dioxide capture, ISO/TC 265
transportation and geological
storage — Quantification
and verification

ISO 27916:2019 Carbon dioxide capture, ISO/TC 265
transportation and geological
storage — Carbon dioxide
storage using enhanced oil
recovery (CO2-EOR)

ISO 27917:2017 Carbon dioxide capture, ISO/TC 265
transportation and geological
storage — Vocabulary — Cross
cutting terms

ISO/TR 27918:2018 Lifecycle risk management for  1SO/TC 265
integrated CCS projects
ISO 27919-1:2018 Carbon dioxide capture —Part  1SO/TC 265

1: Performance evaluation
methods for post-combustion
CO2 capture integrated with a
power plant

ISO/TR 27921:2020 Carbon dioxide capture, ISO/TC 265
transportation, and geological
storage — Cross Cutting Issues
— CO2 stream composition
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https://www.iso.org/standard/60857.html
https://www.iso.org/committee/54818.html
https://www.iso.org/standard/64233.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/64235.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/64148.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/65981.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/65937.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/72969.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/67694.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/67271.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/67273.html
https://www.iso.org/committee/648607.html
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https://www.iso.org/standard/60857.html
https://www.iso.org/committee/54818.html
https://www.iso.org/standard/64233.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/64235.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/64148.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/65981.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/65937.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/72969.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/67694.html
https://www.iso.org/committee/648607.html
https://www.iso.org/standard/67271.html
https://www.iso.org/committee/648607.html
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Reference Title Technical Committee

ISO/TR 27922:2021 Carbon dioxide capture — ISO/TC 265
Overview of carbon dioxide
capture technologies in the
cement industry

ISO/TR 27923:2022 Carbon dioxide capture, ISO/TC 265
transportation and geological
storage — Injection operations,
infrastructure and monitoring

ISO/TR 27925:2023 Carbon dioxide capture, ISO/TC 265
transportation and geological
storage — Cross cutting
issues — Flow assurance

Energy efficiency and carbon emission measurement

Reference Title Technical Committee

ISO 6338:2023 Method to calculate GHG ISO/TC 67/SC 9
emissions at LNG plant

ISO 14064-1:2018 Greenhouse gases — Part 1: ISO/TC 207/SC 7

Specification with guidance
at the organization level for
quantification and reporting
of greenhouse gas emissions
and removals

ISO 17742:2015 Energy efficiency and savings ISO/TC 301
calculation for countries, regions
and cities

ISO 50001:2018 Energy management systems —  ISO/TC 301
Requirements with guidance for
use

ISO/PAS Energy management and ISO/TC 301
50010:2023 energy savings — Guidance for

net zero energy in operations

using an ISO 50001 energy

management system
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Overview of key stakeholders for standardization
activities in the area of Energy Sources

International organizations:

IAEA International Atomic Energy Agency

IEA International Energy Agency

IRENA International Renewable Energy Agency

ISA International Solar Alliance

OPEC Organization of Petroleum Exporting Countries
UNIDO United Nations Industrial Development Organization

ISO Technical Committees:

ISO/TC 28, Petroleum and related products, fuels and lubricants from
natural or synthetic sources

ISO/TC 67, Oil and gas industries including lower carbon energy

ISO/TC 85, Nuclear energy, nuclear technologies, and radiological
protection

ISO/TC 180, Solar energy
ISO/TC 193, Analysis of natural gas
ISO/TC 197, Hydrogen technologies

ISO/TC 207/SC 7, Greenhouse gas and climate change management
and related activities

ISO/TC 238, Solid biofuels

ISO/TC 255, Biogas

ISO/TC 263, Coalbed methane

ISO/TC 265, Carbon dioxide capture, transportation, and geological storage
ISO/TC 300, Solid recovered materials, including solid recovered fuels
ISO/TC 301, Energy management and energy savings

ISO/TC 339, Small hydropower plants

ISO/TC 341, Heat supply network
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About ISO Foresight

The world around us is changing and the pace of change is faster than ever
before. The future has begun and those who do not want to be left behind
must ensure their ability to look ahead. That is why ISO has developed a
Standardization Foresight Framework; to help us look more systematically
at the long-term and to encourage discussion and exchange within the

ISO system about future opportunities for international standardization.

The ISO Foresight Briefs

The ISO Foresight Briefs present outcomes from the ISO foresight process
aimed at enabling further future-oriented action within the ISO community
and system, as well as to make these outcomes available to a wider public.

The Foresight Briefs are forward-looking and thus in parts also speculative
in mapping out possibilities of what is to come, and of what kind of change
can be expected. However, they also bring in evidence as much as possible
and available and make the assumptions in claims about possible futures
transparent. The briefs do not claim to be all-encompassing — the future
needs presented here have been selected because of their relevance to
standardization or to the international landscape within which ISO operates,
with a focus on short- to mid-term action. Thus, further needs may emerge
under conditions such as regulation change, or when considering a longer
time horizon.

While the Foresight Briefs are developed in a systematic process and
with a variety of inputs, they are nevertheless not to be understood as a
final product, but as a contribution to a continuing process of cooperative
and collaborative forward-orientation within the ISO community.

They thus serve to support and enable possible next steps towards
respective standardization activities, but do not aim to prescribe them.
Instead, they aim at sparking discussion, further reflection and respective
action within the ISO community, and ideally beyond.
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« ISO Environmental
Scanning Process to
identify trends

« ISO Trend Report
Selection of two focus

trends by ISO Community:

Sustainable Production
and Energy Sources

What trends and
developments will play
a key role for society
(and standardization) in
the future?

« Ideation Workshops

with 179 participants
from 41 countries to
discuss how Sustainable
Production and Energy

Research and methodology behind
the ISO Foresight Briefs

« Literature review
to identity additional
insights

« Expert interviews
with the ISO Community

might P
to 2050

What are potential
challenges and
opportunities, and
the possible role

of Standardization?

ight Brief to
communicate insights
and create momentum

Giving these current
trends, what are the
key future needs

for standardization?

« Next steps for
the Standardization
Community: Suggestions
to enable future orien-
tated action

What are the suggested
actions for the

1SO Community to

take now?

ISO Foresight Briefs process overview chart

The contents of this brief are the result of a multilayered foresight process
combining a variety of methodologies. Drawing from the trends identified
as critical for standardization in the ISO environmental scanning process,
the ISO community selected two trends (Sustainable Production and Energy
Sources) as the focus for this foresight cycle’s deep dive into identifying
respective future needs and opportunities for standardization.

For each topic, a literature review was conducted drawing from publications
from the last five years, focusing on those with an international perspective
and insights on developments expected in the coming years. Furthermore,

a series of international workshops with 93 participants from 41 countries
enabled the ISO foresight community as well as selected additional experts
to bring in their expertise, and to collaboratively reflect on future needs as
well as opportunities for standardization. In addition, a set of interviews with
experts from the ISO community served to dive deeper into framing future
needs and possible contributions from standardization, as did a review
process of the results.

More information about ISO Foresight as well as the ISO Foresight Trend
Report are available on the website (See ISO Foresight).
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About ISO

ISO (International Organization for Standardization)
is an independent, non-governmental international
organization with a membership of 171* national
standards bodies. Through its members, it brings
together experts to share knowledge and develop
voluntary, consensus-based, market-relevant
International Standards that support innovation
and provide solutions to global challenges.

ISO has published more than 25 400* International
Standards and related documents covering almost
every industry, from technology to food safety,

to agriculture and healthcare.

For more information, please visit www.iso.org.

*June 2024

ISO Website: iso.org
ISO newsroom: iso.org/news
( \ ISO videos: iso.org/youtube
W Follow us on LinkedIn: iso.org/linkedin
Follow us on Twitter: iso.org/twitter
Join us on Facebook: iso.org/facebook

Join us on Instagram: instagram.com/isostandards
Follow us on FlickR: flickr.com/photos/isostandards
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