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1 Executive Summary 

Industrial processes collectively account for more than one quarter of global primary energy 
demand and an equivalent share of greenhouse gas (GHG) emissions. The accelerating 
frequency and severity of climate-related hazards, combined with systemic transitions in 
energy markets, pose unprecedented challenges to industrial continuity, competitiveness, and 
long-term viability. This glossary presents a state-of-the-art review of climate adaptation and 
energy resilience strategies as applied to industrial processes, drawing on peer-reviewed 
literature and international reports. 

The glossary begins by establishing a conceptual framework through definitions of key terms 
such as climate adaptation, energy resilience, demand response, industrial symbiosis, and 
decarbonisation pathways. It then surveys the portfolio of enabling technologies and methods, 
spanning from demand response, thermal and electrochemical energy storage, power-to-X 
technologies, artificial intelligence-driven process control, digital twins, waste heat recovery, 
microgrids, carbon capture, and green hydrogen integration. One further section outlines 
documented applications and barriers across ten industrial sectors (iron and steel, cement and 
concrete, chemical and petrochemical, aluminium smelting, food and beverage, pulp and 
paper, automotive and manufacturing, mining and minerals, data centres, and glass 
manufacturing). 

By providing internationally harmonised definitions across conceptual, technological, and 
sectoral dimensions, this glossary supports the translation of fragmented disciplinary 
knowledge into a shared foundation for cross-national research, industrial practice, and policy 
development. 

 

Keywords: climate adaptation, industrial processes, energy resilience, demand response, 

sector coupling, energy storage 

 

Recommended citation: 

Riha, G., & Moser, S. (2026). Climate Adaptation and Energy Resilience in Industry under 

Uncertainty - Glossary (IEA IETS Task XXII, Activity A). Energieinstitut an der Johannes Kepler 

Universität Linz. 
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2 Introduction 

The industrial sector stands at a critical juncture. On the one hand, it is among the most 
significant contributors to global climate change, responsible for approximately 26 % of direct 
CO2 emissions globally in 2022 (IEA, 2023). On the other hand, it is increasingly affected by 
climate- and energy-related disruptions, as, for example, extreme heat events curtail cooling 
capacity, floods damage infrastructure and supply chains, droughts limit process water 
availability, and shifting weather patterns undermine operational planning horizons. 

Climate adaptation and energy resilience in industry are not only environmental imperatives, 
but they are also economic ones. The physical risks of climate change (extreme weather 
events, sea level rise, temperature variability) and transition risks (carbon pricing, fuel cost 
volatility, unstable regulatory conditions) threaten asset values and profitability across all 
industrial subsectors. Despite growing urgency, the academic and policy literature on industrial 
climate adaptation remains partially fragmented. Engineering literature tends to focus narrowly 
on technology performance, while management literature emphasises risk governance, and 
climate science literature rarely penetrates to the process level. This glossary paper bridges 
these domains by providing a structured, cross-sectoral synthesis of (i) the conceptual and 
terminological landscape, (ii) the technological and methodological toolkit, and (iii) documented 
sector-specific barriers and applications. 

The glossary is organised as follows: Section 3 outlines the methodology, while section 4 
establishes the key terminology. Section 5 surveys technologies and methods for industrial 
realisation of the outlined key terminology. Section 6 reviews documented applications and 
barriers across ten industrial sectors, and section 7 concludes with a synthesis of the main 
findings. 
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3 Methodology 

The interdisciplinary nature of climate adaptation and energy resilience in industry has 
produced a heterogeneous knowledge base drawn from climate science, energy systems 
engineering, operations management, and sustainability governance. Therefore, establishing 
shared definitions is a prerequisite for meaningful cross-sector comparison.  

The glossary adopts a structured literature review methodology to synthesise the current state 
of knowledge on the broad topic of climate adaptation and energy resilience in industrial 
systems. The literature review was conducted using major scientific databases, including 
Scopus, ScienceDirect, Web of Science, and Google Scholar, supplemented by reports from 
international organisations. 

Search queries combined keywords related to: 

• Climate adaptation, energy resilience 

• Industrial energy systems, energy flexibility, demand response 

• Industrial decarbonisation, power-to-X, energy storage, waste heat recovery 

• Uncertainty, risk management, industrial transformation 

• Load management and computational methods  

The definitions, technologies and barriers presented are not adopted verbatim from individual 
sources but are rather derived from a synthesis of the referenced literature. They are proposed 
as a harmonised glossary framework that has been further discussed and refined within the 
international IETS Task XXII consortium. 

The analysis is organised along three complementary dimensions: 

• First, a conceptual framework is established by defining key terms related to climate 
adaptation and energy resilience in industry under uncertainty.  

• Based on this framework, enabling technologies are examined, including demand 
response systems, energy storage, power-to-X technologies, digitalisation tools such 
as smart energy management systems and digital twins, waste heat recovery, 
microgrids, carbon capture, and hydrogen integration.  

• Third, applications and barriers of these technologies and methods are analysed 
across multiple industrial sectors. 

This structured approach enables the development of a comprehensive glossary capturing the 
technological, methodological, and sectoral dimensions of industrial energy resilience and 
climate adaptation from all major industrial regions across diverse national and regulatory 
contexts. However, this glossary does not aim to provide an exhaustive systematic review but 
instead offers a structured and integrative overview of key concepts and technologies.  
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4 Terminology glossary for climate adaptation and energy resilience in 

industrial systems 

Table 1 presents key terminology and definitions considered essential for discussions on 
climate adaptation and energy resilience within an industrial context.  

The definitions below synthesise prevailing usage in the peer-reviewed literature and are 
intended to support cross-sectoral comparability. In practice, the terminology varies between 
disciplines and jurisdictions, which is why different specifications and definitions of these terms 
might be needed when used in sector-specific or national contexts. 

Table 1: Summarised terminology glossary 

Term Definition Sources 

Climate 

Adaptation 

Climate adaptation refers to the process of adjusting to 

the present and future impacts of climate change rather 

than addressing their root causes. In the industrial 

context, this encompasses adjustments to operations, 

infrastructure, supply chains, and energy management in 

response to actual or expected climate impacts, with the 

aim of reducing vulnerability, maintaining productive 

viability, and strengthening resilience. 

Dixit 2019; 

European 

Commission, 2021; 

Lei et al., 2024; 

Löschke et 

al., 2022; Matthews 

et al., 2018; 

OECD,  2015; 

Saraswathy et al., 

2026 

Climate 

Mitigation 

Actions or strategies to prevent or reduce greenhouse gas 

emissions into the atmosphere, thereby lessening the 

severity of long-term climate change. In the industrial 

context, this can encompass energy efficiency measures, 

electrification, fuel switching, renewable integration, and 

carbon capture. 

Alfredsson et al., 

2024; Anjum & 

Aziz, 2026; 

Intergovernmental 

Panel on Climate 

Change (IPCC), 

2023; Nurdiawati & 

Urban, 2021 

Demand 

Response (DR) 

The adjustment of end-user energy demand in response 

to grid conditions, price signals, or operational 

requirements. DR applies to electricity systems as well as 

to thermal energy carriers, including district heating and 

process heat networks. In all cases, the literature 

distinguishes between explicit DR (contractual, 

compensated load modification) and implicit DR 

(unilateral response to real-time energy prices). Industrial 

DR differs from residential DR in scale, process-

integration complexity, and the diversity of energy carriers 

involved. 

Bertoli et al., 2023; 

Faria et al., 2016; 

Hu et al., 2024; 

Moser et al., 2026 
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Term Definition Sources 

Deep Uncertainty Deep uncertainty refers to a condition in which decision-

makers cannot agree on, or do not possess sufficient 

knowledge to determine the system behaviour, key 

variables, or the desirability of alternative outcomes. In the 

industrial context, it arises from interacting unknowns 

spanning climate trajectories, regulatory frameworks, 

technology maturation, and energy-related volatility. 

(Haas et al., 2023; 

Marchau et al., 

2019; Panos et al., 

2023) 

Energy Efficiency The ratio of useful productive output to energy input. In 

industrial practice, energy efficiency is commonly 

operationalised through energy intensity indicators 

(energy consumed per unit of output or value), enabling 

benchmarking across facilities and sectors. Energy 

efficiency and energy intensity are related but distinct. The 

former is a property of a process, the latter a system-level 

metric shaped by product mix, utilisation, and 

governance. Improvements in either reduce exposure to 

energy supply disruptions and carbon costs. 

Fundira & Mbohwa, 

2026; IEA, 2025; 

Zhao et al., 2026 

Energy related 

market 

uncertainty 

Uncertainty arising from shifting market conditions during 

the low-carbon transition, including volatile energy prices, 

carbon costs, and evolving consumer or investor 

preferences. Due to the influence of geopolitical 

developments, abrupt market changes, and unforeseen 

global events, these dynamics often constitute deep 

uncertainty rather than quantifiable risk, complicating 

long-term strategic planning and investment decisions for 

industrial firms. 

Heal & Millner, 

2013; Inglesi-Lotz 

et al., 2025; 

Matthews et al., 

2022; Mayor, 2025 

Energy related 

operational and 

supply chain 

uncertainty 

Uncertainty arising from an increasing frequency and 

severity of extreme weather events and other physical 

climate impacts, including flooding, drought, and heat 

stress. These impacts can disrupt production continuity, 

raw material availability, industrial infrastructure, and 

global supply chains. Due to uncertain future climate 

trajectories, industrial planning and infrastructure 

investment must consider a range of plausible physical 

impact scenarios rather than fixed probability 

assumptions. 

(Colelli et al., 2022; 

Intergovernmental 

Panel on Climate 

Change (IPCC), 

2023a; Mullan et al., 

2018) 
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Term Definition Sources 

Energy related 

regulatory 

uncertainty 

Uncertainty arising from the evolving trajectory of climate 

and energy policy, including carbon pricing, emissions 

standards, and renewable energy targets. Variations in 

policy design, implementation, and long-term stability 

create deep uncertainty for industrial investment and 

decarbonisation planning, particularly for capital-intensive 

assets with long operational lifetimes. 

Baker et al., 2016; 

de Bruyn et al., 

2020; Neuwirth et 

al., 2024; OECD, 

2025 

Energy related 

technological 

uncertainty 

Uncertainty arising from the maturity, cost development, 

and scalability of key decarbonisation technologies, 

including green hydrogen, carbon capture and storage, 

electrification, and large-scale energy storage. Uncertain 

deployment timelines and future commercial viability 

create deep uncertainty for long-term industrial 

investment and technology adoption decisions. 

(European 

Commission, 2022; 

Gül, Timur et al., 

2023; 

Intergovernmental 

Panel on Climate 

Change (IPCC), 

2023a) 

Energy 

Resilience 
Energy resilience in the given context refers to the ability 

of industrial energy systems to prepare for, deal with, and 

recover from energy supply disruptions and climate-

related stresses, while maintaining their core operational 

functions and adapting to changing conditions over time. 

It encompasses both the robustness of physical 

infrastructure and the flexibility of operational and 

management responses. 

Fan et al., 2023; 

Intergovernmental 

Panel on Climate 

Change (IPCC), 

2023; Rehak et al., 

2022; Sharifi & 

Yamagata, 2016 

Energy security 

related 

uncertainty 

Risks associated with the availability, reliability, (political) 

stability and affordability of energy services, supply and 

demand. The shift toward renewable and low-carbon 

energy systems can introduce uncertainties regarding 

supply stability and infrastructure adequacy, while also 

enabling greater local decoupling from (inter-)national 

wholesale energy prices. 

Azzuni & Breyer, 

2018; Cherp & 

Jewell, 2011; 

European 

Commission,  2019; 

Tvaronaviciene & 

Slusarczyk, 2019; 

Zhu et al., 2025 
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Term Definition Sources 

Hard-to-abate 

Industries 

Industrial sectors in which emissions are structurally 

linked to high-temperature processes, chemical reactions, 

or carbon-based feedstocks, thereby limiting the feasibility 

of electrification or fuel switching. The decarbonisation of 

these sectors requires systemic innovation beyond 

incremental efficiency improvements. No universally 

agreed sector classification exists. However, iron and 

steel, cement, chemicals, and aluminium are most 

consistently cited, with glass and petrochemicals also 

frequently included. 

Franco & Rocca, 

2024; Kumar et al., 

2024 

Industrial Energy 

Flexibility 

The ability of an industrial consumer or producer to adjust 

energy demand or generation in response to external 

signals (e.g. market signals, grid conditions, or 

operational requirements) while still fulfilling its intended 

productive purpose. It can encompass both demand-side 

and supply-side flexibility, such as shifting between 

renewable and dispatchable generation. The concept of 

industrial energy flexibility is increasingly expanding to 

include thermal energy systems, enabled by the 

integration of alternative heat sources such as high-

temperature heat pumps and fuel switching. 

Buhl et al., 2021; 

Junker et al., 2018; 

Knöttner & 

Hofmann, 2024; Z. 

G. Ma et al., 2025; 

Sadjjadi et 

al., 2023; 

Shepherd & 

Mohagheghi, 2024; 

Varga et al., 2010 

Industrial 

Symbiosis 

The formation of industrial linkages or ecosystems in 

which (waste) energy, materials, by-products or water 

from one company serve as inputs for another. Energy 

resilience benefits include reduced dependence on 

external energy supplies, improved overall efficiency, and 

enhanced redundancy against localised climate 

disruptions. 

Chen et al., 2011; 

Moser, Rodin, et al., 

2022; Neves et al., 

2020; Nyakudya et 

al., 2022 

Sociotechnical 

Transition 

A process in which technological innovation co-evolves 

with shifts in institutions, markets, infrastructure, user 

practices, and governance. In industries, transitions are 

shaped by capital-intensive assets, long investment 

cycles, and strong regulatory path dependencies. Climate 

adaptation strategies must therefore be assessed for 

compatibility with these systemic conditions, not only for 

technical performance. 

Geels et al., 2017; 

Wesseling et al., 

2017 
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5 Glossary for technologies and methods within climate adaptation and 

energy resilience in industrial systems 

The technological landscape for industrial climate adaptation and energy resilience is broad, 
spanning physical conversion systems, digital platforms, storage technologies, and systemic 
approaches. Table 2 aims to categorise principal technologies and methods into thematic 
clusters, drawing on peer-reviewed studies for their characterisation. 

The table below synthesises prevailing usage in the peer-reviewed literature and is intended 
to support cross-sectoral comparability. In practice, methods and technologies used within the 
context of climate adaptation and energy resilience vary between disciplines and jurisdictions, 
which is why different descriptions of these terms might be needed when used in sector-
specific or national contexts. 

Table 2: Summarised glossary for technologies and methods 

Technology / 

Method 

Category Description and relevance to industry Sources 

Artificial 

Intelligence 

(AI) 

Computational 

Methods 

AI refers to computational methods capable 

of performing tasks such as prediction, 

optimisation, pattern recognition, and 

decision support. In industrial systems, AI 

applications commonly include forecasting, 

predictive maintenance, anomaly 

detection, and advanced process control. 

(Amzil et al., 

2025; Lawal 

Qudus, 2025; 

Safari, Ashkan et 

al., 2024; T. 

Zhang & Strbac, 

2025) 

Advanced 

Process 

Control  

Computational 

Methods 
Machine learning and predictive control 

models can optimise energy use in real 

time by responding simultaneously to 

weather forecasts, energy prices, and 

production schedules. 

Bezold et al., 

2026; Tabar et 

al., 2026 

Battery 

Energy 

Storage 

Systems 

(BESS) 

Storage A range of battery technologies, including 

but not limited to lithium-ion and flow 

batteries, can provide backup power, peak 

shaving, and frequency regulation at 

industrial sites. 

Elio & Milcarek, 

2023; 

Sharmoukh, 

2025; Z. Zhang et 

al., 2023 

Carbon 

Capture, 

Utilisation & 

Storage 

Decarbonisation The capture of CO2 from industrial 

production processes, followed by its 

storage and/or utilisation. This approach is 

primarily applied in energy-intensive 

industries, where emissions cannot be 

eliminated through electrification alone 

using currently available technologies. 

(Fratalocchi & 

Rossini, 2026; 

Moser, 

Stendardo, et al., 

2022; Patel et al., 

2025, 2026) 
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Technology / 

Method 

Category Description and relevance to industry Sources 

Circular 

Economy 

Approaches 

Systemic Concepts aimed at enhancing resource 

efficiency by retaining materials and energy 

within the economic cycle through reuse, 

recycling, system integration, and industrial 

symbiosis. 

Khalil et al., 2026; 

Moser & Rodin, 

2021; Rodin & 

Moser, 2021; 

Vázquez Calvo et 

al., 2025 

Climate Risk 

Assessment 

Frameworks 

Planning & 

Governance 

Structured methodologies, such as ISO 

14090, for identifying industrial climate 

risks and informing adaptation investment 

priorities. 

Qin et al., 2024; 

Sousa et al., 

2022; Wang et 

al., 2026 

Demand 

Response 

Systems 

Load 

Management 
The automated or manual 

reduction/shifting of energy demand during 

periods of peak demand or grid stress.  

Fischer et al., 

2023; Ranaboldo 

et al., 2024; 

Richstein & 

Hosseinioun, 

2020; Siddiquee 

et al., 2021 

Digital Twins Computational 

Methods 
Virtual replicas of industrial assets enable 

scenario testing for climate risks, predictive 

maintenance, and energy flow optimisation 

without disrupting ongoing operations. 

Ashraf et al., 

2026; He, 2026; 

Kasper et al., 

2024; Klaassen 

et al., 2025 

Electrification Electrification & 
Efficiency 

The replacement of fossil-fuel-based 
industrial processes with electricity-based 

technologies. Direct electrification refers to 

the direct use of electricity in processes 

such as electric furnaces, boilers, or heat 

pumps, while indirect electrification 

involves the production of secondary 

energy carriers from electricity (e.g. 

hydrogen or synthetic fuels) for subsequent 

industrial use. 

(Baldea et al., 
2025; Boa Morte 

et al., 2023; 

Kaiser et al., 

2025; Rehfeldt, 

Matthias et al., 

2024) 
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Technology / 

Method 

Category Description and relevance to industry Sources 

Green 

Hydrogen 

Integration 

Fuel Switching Hydrogen produced via renewable 

electrolysis can enable the replacement of 

fossil fuels in high-temperature industrial 

processes (e.g. steel DRI, ammonia 

synthesis, and glass furnaces), subject to 

appropriate modifications of existing 

assets. 

Bhutto et al., 

2025; Han et al., 

2026; Romero-

Ramos et al., 

2025 

Industrial Heat 

Pumps 
Electrification & 

Efficiency 
High-temperature heat pumps (currently 

reaching up to around 200°C within 

industrial applications) facilitate the 

electrification of process heat, thereby 

decoupling industrial heat supply from 

fossil fuels and enabling load flexibility in 

response to the availability of renewable 

energy. 

(Sadjjadi et al., 

2023; Zühlsdorf 

et al., 2019) 

Mathematical 

Programming  

Computational 

Methods 

Mathematical programming refers to 

optimisation-based methods, such as 

mixed-integer linear programming, used for 

scheduling industrial energy flexibility by 

balancing energy costs, production 

constraints, and labour requirements. 

(Fischer & 

Hofmann, 2024; 

Framinan et al., 

2025; Frieden & 

Leker, 2026; 

Kwon, 2013; 

Zabik et al., 

2024) 

Microgrids & 

Islanded 

Operation 

Grid 

Independence 
On-site microgrids, comprising renewable 

generation assets combined with storage 

and/or fossil-based energy supply systems, 

can maintain operations during public grid 

outages through islanded operation. 

Bhutto et al., 

2025; Han et al., 

2026; Lyu et al., 

2026 

Power-to-X  Sector Coupling The conversion of renewable electricity into 

other energy carriers, such as hydrogen, 

synthetic fuels, or heat, enabling cross-

sector storage and utilisation. This 

approach supports deep decarbonisation in 

hard-to-abate industries. 

Böhm et al., 

2020, 2021; 

Tabar et al., 

2026; Weiss et 

al., 2025; 

Weiss & 

Ikäheimo, 2024 
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Technology / 

Method 

Category Description and relevance to industry Sources 

Simulation-

Based 

Scheduling 

Computational 

Methods 
This scheduling approach employs 

dynamic simulations of industrial 

processes to analyse how production 

schedules respond to changes in energy 

supply, demand, or operational constraints, 

supporting flexible plant operation. 

Bank et al., 2019; 

Han et al., 2026; 

Xu et al., 2025; 

Zou et al., 2026 

Smart Energy 

Management 

Systems  

Computational 

Methods 
Smart energy systems refer to digitalised 

energy systems that leverage “Internet of 
Things”-based platforms to enable real-

time energy data acquisition, automated 

demand response, demand forecasting, 

and resilience planning. 

Abdelghany et 

al., 2026; Amin et 

al., 2025; 

Bagdadee et al., 

2020; Fallmann 

et al., 2025 

Thermal 

Energy 

Storage  

Storage A variety of media, including but not limited 

to molten salts, phase-change materials, 

and hot water, can be used to store thermal 

energy in tanks, thereby buffering process 

heat supply against intermittent renewable 

generation or grid disruptions. 

Vallese et al., 

2026; Wikoff et 

al., 2025 

Waste Heat 

Recovery  
Efficiency The recovery and utilisation of excess heat 

through heat integration, heat exchangers, 

or heat pumps to improve industrial energy 

efficiency. 

Mostafa et al., 

2026; Rahbari et 

al., 2025; Rao et 

al., 2025 

 

Climate adaptation and energy resilience increasingly rely on digitalisation, data-driven 
decision making, and computational optimisation methods. However, industrial data is often 
affected by uncertainty arising from measurement limitations, incomplete monitoring, varying 
temporal and spatial resolution, and changing operating conditions. The quality, availability, 
and interoperability of data therefore strongly influence the reliability of climate risk 
assessments, energy flexibility modelling, AI applications, and industrial planning decisions. 
Consequently, data uncertainty should not be viewed solely as a limitation, but as an inherent 
characteristic of industrial energy systems that must be explicitly considered in resilience-
oriented decision making. 
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6 Glossary for key challenges and sectoral applications within climate 

adaptation and energy resilience in industrial systems 

Table 3 reviews key challenges and applications of climate adaptation and energy resilience 
technologies across ten industrial sectors. Emphasis is placed on peer-reviewed studies and 
documented implementations. 

Table 3: Summarised glossary for key challenges and sectoral applications 

Industrial 

sector 
Key challenges Sectoral applications Sources 

Aluminium 

Smelting 
Current electrolysis 

processes are inherently 

electricity-intensive; High 

sensitivity to power price 

and availability 

Demand response via potline 

modulation; Renewable power 

purchase agreement integration; 

Energy storage system 

application 

A. Noda Diaz, 

2025; Depree et 

al., 2026; 

Sgouridis et al., 

2021 

Automotive & 

Manufacturing 
Variable production 

schedules; Variable energy 

loads; Electrification of 

assembly 

On-site renewable energy 

integration; Peak shaving; Agile 

production; Demand response; 

Digital twins for plant energy 

optimisation 

Hilt et al., 2016; 

Moussa et al., 

2025; Wen et al., 

2025; Zhan et al., 

2026 

Cement & 

Concrete 
Calcination process emits 

up to two thirds of sectoral 

CO₂ emissions regardless 

of fuel input 

Oxyfuel combustion; Demand 

response in grinding operations; 

Digital twin optimisation of kiln 

energy 

Dai et al., 2025; 

Kroumian et al., 

2025; Telesca et 

al., 2017; Tian et 

al., 2023 

Chemical & 

Petrochemical 
Diverse process portfolio; 

Feedstock climate risks 
Power-to-X for green hydrogen 

feedstocks; Heat pump 

integration in distillation; AI-driven 

advanced process control; 

Circular carbon feedstocks 

Genovese et al., 

2023; Lang et al., 

2025; Mann et al., 

2025; Meng et al., 

2025 

Data Centres Rapidly growing electricity 

and cooling demand; 

Geographic climate risk 

exposure 

Free cooling and liquid cooling 

integration; Waste heat recovery 

for district heating; Workload 

scheduling for energy flexibility; 

Climate-resilient site planning 

Alawadhi et al., 

2026; Borisová & 

Vesterlund, 2025; 

S. Ma et al., 

2026; C. Zhang et 

al., 2026 
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Industrial 

sector 
Key challenges Sectoral applications Sources 

Food & 

Beverage 
Alternating refrigeration 

and heating loads; Water 

scarcity; Supply chain 

climate vulnerability 

Industrial heat pumps for low-

temperature process heat; 

Thermal energy storages for 

process heating and cooling; 

Energy management system 

adaptation; Water recycling 

systems 

Corigliano & 

Algieri, 2024; Liu 

et al., 2025; 

Millán et al., 

2020; Shah et al., 

2025; 

Shrivastava et al., 

2022 

Glass 

Manufacturing 
Very high process 

temperatures (>1400 °C); 

Continuous operation 

requirement 

Hybrid electric-gas furnaces; Oxy-

fuel firing; Hydrogen co-firing; 

Waste heat recovery systems; 

Demand response 

implementation 

Amaitik et al., 

2025; Arshad et 

al., 2026; Daurer 

et al., 2025; 

Tushar et al., 

2024 

Iron & Steel Very high process 

temperatures (>1600 °C); 

Currently predominant 

coal-dependent blast 

furnace routes; Significant 

process-related CO2 

emissions 

Hydrogen-based direct reduced 

iron (H-DRI); Electric arc furnaces 

(EAF)  

Ji et al., 2024; Li 

et al., 2025; Zabik 

et al., 2024; 

Zawodnik et al., 

2024 

Mining & 

Minerals 
Remote locations; Diesel 

dependency; Water 

scarcity; Extreme heat and 

flooding risks 

Hybrid renewable-diesel 

microgrids; Battery-electric 

mining equipment; Climate risk 

assessment for physical asset 

planning 

Huang et al., 

2026; Ranjbar et 

al., 2025; 

Shangguan, 2026 

Pulp & Paper Large biomass-based 

combined heat and power 

plants (CHP); High thermal 

and electrical energy 

demand; Water & chemical 

dependency 

Flexibility of biomass based 

combined heat and power 

systems; Biomass gasification; 

Waste heat integration; Demand 

response in pulpers and refiners; 

Water footprint management 

Adetunji et al., 

2025; Barrios et 

al., 2026; 

Ciambellotti et al., 

2025 

 

  



IEA IETS Task XXII - Glossary about Climate Adaptation and Energy Resilience in Industry under Uncertainty 

 

Page 15 / 23 Energieinstitut an der Johannes Kepler Universität Linz 

7 Conclusions 

This glossary synthesises the current state of knowledge on climate adaptation and energy 
resilience in industrial processes across three dimensions (terminological and conceptual 
foundations, the technological methods portfolio, and sector-specific barriers and applications). 
It constitutes a contribution to Activity A of IEA IETS Task XXII on “Climate Adaptation and 
Energy Resilience in Industry under Uncertainty”. 
The key conclusions are as follows: 

• First, clarity of definitions is a prerequisite for productive cross-sectoral and 
international research. The distinctions between mitigation and adaptation, and 
between flexibility and efficiency, are foundational.  

• Second, uncertainty (spanning energy security, operational, regulatory, technological, 
and market dimensions) must be treated as a structural feature of industrial planning, 
not an exceptional condition.  

• Third, a broad portfolio of enabling technologies exists across all major industrial 
sectors.  

• Fourth, the glossary demonstrates that no single technology or approach constitutes a 
universal solution. Adaptation strategies are inherently context-dependent, reflecting 
sector-specific process characteristics, geographic climate risks, energy system 
configurations, and regulatory environments. 

As a contribution to Activity A, this glossary is intended to serve as a continuously evolving 
framework that was further discussed, evaluated, and refined within the international IEA IETS 
Task XXII consortium. Several foundational questions remain subject to continued discussion 
across research institutes and industry partners. These include the operational boundary 
between climate adaptation and mitigation in industrial contexts, particularly where measures 
such as electrification, heat recovery, and demand response contribute simultaneously to both 
objectives. In addition, the classification of hard-to-abate industries may require periodic 
reassessment considering evolving national regulatory frameworks and emerging 
decarbonisation pathways. Furthermore, the treatment of deep uncertainty in industrial 
planning highlights the need for a shared methodological understanding of scenario 
development, resilience assessment, and decision-making under non-probabilistic conditions. 

Industrial assets frequently operate across multi-decade lifetimes, making current investment 
decisions critical in shaping future climate vulnerability, energy resilience, and industrial 
competitiveness. By fostering internationally harmonised terminology and methodological 
alignment, IEA IETS Task XXII provides a platform for improving the comparability of findings 
across countries and sectors, while supporting the translation of research insights into 
actionable guidance for industrial managers, infrastructure planners, and policymakers 
worldwide.  
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