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adelphi 

adelphi is the leading independent think-and-do tank in Europe for climate, environment and 

development. We are some 350 strategists, thought leaders and practitioners working at the 

local and global levels to find solutions to the most urgent political, economic and social 

challenges of our time. As a policy consultancy, we support a just transition towards carbon 

neutrality and sustainable, liveable societies. Our work is grounded in transdisciplinary 

research, evidence-based consulting and stakeholder dialogues. With these tools we shape 

policy agendas, facilitate political communication, inform policy processes and support 
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numerous international clients and partner organisations in the fields of energy, climate, 
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The transition towards climate neutrality presents 

both unprecedented challenges and significant new 

opportunities for industrial economies. Germany and 

Canada both have strong manufacturing sectors that 

hold large economic significance and create strong 

multiplier effects across their wider economies. They 

also have ambitious climate targets, which require a 

deep transformation of these industries over the 

coming decades. 

While both countries have achieved meaningful 

emissions reductions in their industrial sectors since 

1990 – Germany by 44% and Canada by 6.5% – the 

transition ahead demands more than incremental 

efficiency gains. The industrial transformation is 

especially challenging for the energy-intensive and 

emission-intensive secondary manufacturing 

industries, which are indispensable for the larger 

economy in both countries. In Germany, these 

industries employ around 16% of the total industrial 

workforce and contribute roughly 3.4% to national 

GDP. In Canada, the figures are similarly high, with 

such industries accounting for 15.6% of the industrial 

workforce and 2.6% of total GDP.  

The most emission-intensive secondary 

manufacturing industries in both countries include 

chemicals and refining, steel and metals, cement and 

lime, and pulp and paper. Since 2000, emissions in 

these sectors in Germany have fallen by 11.4%, whilst 

emissions reductions in the same sectors in Canada 

amounted to 18.3%. Further decarbonising these 

sectors poses unique challenges. Unlike the power 

sector – where shifting to renewable energy provides 

a relatively straightforward pathway to reduce 

emissions – these industries face more complex 

barriers due to a challenging combination of intrinsic 

process emissions, molecular carbon requirements, 

and high-temperature, energy-intensive production 

methods. 

Focusing on these four sectors in Germany and 

Canada, this comparative study assesses the 

industrial profiles, sector-specific economic trends, 

and progress towards climate targets. It further 

examines transformation pathways, including 

cross-cutting technologies and sectoral pathways, 

reviews the respective policy frameworks that 

support industrial transition in both countries, and 

identifies opportunities for future bilateral 

collaboration. 

Despite differences in economic structure, resource 

endowment, trade relationships, and energy and 

industrial policy strategies, both countries face 

strikingly similar transformation challenges within 

their secondary energy-intensive industries. Meeting 

these will require a decisive shift from incremental 

improvements to the widespread deployment of 

innovative technologies and processes – combining 

electrification with climate-neutral electricity 

generation, utilising renewable and low-carbon 

hydrogen and its derivatives where molecules are 

required, applying carbon capture, utilisation and 

storage for unavoidable process emissions, scaling 

circularity and material efficiency, and deploying 

biomass selectively where it offers genuine lifecycle 

gains. 

The insights gained from this study on the shared 

challenges and complementary strengths of Germany 

and Canada can guide targeted, near-term 

collaboration to accelerate industrial decarbonisation 

while preserving competitiveness – through shared 

technological expertise, alignment of policy 

frameworks, joint advancement of demonstration 

projects, and the exploration of new potential trade 

opportunities. 

 

1 Introduction 
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2.1 Germany: Sector Overview 

 

Figure 1: Germany’s industry: facts and trends. Own depiction. Sources: Statista 2024a; Destatis 2025a, b; UBA 2025a; 

UBA 2014). 

Germany, with a GDP of EUR 4.19 trillion (CAD 6.12 

trillion) in 2023, is the third-largest economy globally 

and the largest in Europe (World Bank 2025a, b). 

Germany’s industrial sector accounted for 23% of 

national GDP in 2024, making it the second-largest 

contributor to the economy after services (70%) 

(Statista 2025d). It comprises sectors such as 

automotive production, machinery and equipment, 

steel and metals, chemicals and petrochemicals, food, 

beverages and tobacco, electrical equipment, glass, 

ceramics, and smaller sectors like textiles. 

When factoring in service sectors that depend on 

industry, nearly one in three euros generated in 

Germany can be directly linked to industrial activity 

(BDI, BCG & IW 2023). With 5.5 million people 

employed in 2023 – accounting for 12.2% of the 

country’s workforce – and as the third-largest 

exporter globally, the sector is widely regarded as a 

“guarantor for value creation” as well as backbone of 

the country’s innovation capacity and global 

competitiveness (Agora Energiewende 2020; Destatis 

2024a). 

Within the industrial sector, the energy-intensive 

industries (steel, construction materials, chemicals, 

glass, non-ferrous metals, and paper) employ 925,000 

people, accounting for around 16% of the total 

industry’s workforce and 3.4% of national GDP 

(Schaller and Schasching 2024). Importantly, every 

job in the energy-intensive industry secures two 

further jobs in the broader German economy (other 

industry sub-sectors and the services sector). Hence, 

the energy-intensive industries are indirectly 

responsible for the employment of about 2.5 million 

people (EID n.d.). In 2023, they generated a revenue 

of EUR 510 billion (CAD 757.3 billion), accounting for 

around 22% of the industry’s revenue.  

In terms of emission reductions, Germany’s industry 

has made substantial progress, though it still trails 

slightly behind the broader economy. By 2023, 

Germany had reduced its overall greenhouse gas 

(GHG) emissions to 674 million tonnes of CO2 

equivalents (CO2eq) – a 46% reduction compared to 

1990 levels. Over the same time period, industrial 

emissions declined by approximately 44% (UBA 

2025b; UBA 2014). Despite these achievements, 

2 Industry profiles: A Snapshot of Germany 

and Canada 

Germany 
Area               357.600 km² 
Population        84,50 million 
Density        243/km² 
GDP per capita        55,901 USD 
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industry remains the second-largest emitting sector, 

accounting for 23% of Germany’s GHG emissions in 

2023 (UBA 2025b). 

For much of the past decades, the industrial sector 

was successful in reducing emissions while increasing 

output at the same time. Between 1995 and 2023, 

industrial emissions fell by around 35% while 

inflation-adjusted gross value-added increased by 

almost 32% (UBA 2024a). However, since 2021, 

emission reductions have been driven primarily by 

declines in production, triggered by surging natural 

gas prices following Russia’s war in Ukraine (UBA 

2024b).  

Production in energy-intensive industries is, as the 

name implies, particularly demanding in terms of 

energy use and GHG emissions. Notably, these 

industries account for around 75% of the industrial 

sector’s total energy demand and the majority of 

industrial GHG emissions (Destatis 2025c, KEI 

2025a). In 2022, these sectors were responsible for 

157 Mt CO2eq or 21% of Germany’s total GHG 

emissions. The largest emitters were the chemical and 

petrochemical industries (63 Mt), followed by steel 

and metals (57 Mt), cement and lime (23 Mt), and 

pulp and paper (14 Mt) (see Figure 2). 

Their high energy intensity makes these sectors 

especially vulnerable to rising prices, which is why 

the energy crisis has hit them particularly hard. 

Between January 2022 – shortly before the onset of 

the war – and December 2023, production in energy-

intensive industries declined by 21%, bringing output 

levels in 2023 below the lowest seen during the 

Covid-19 pandemic (BDI, BCG & IW 2023). Since then, 

production has only recovered slightly, with output in 

April 2025 still 18% below January 2022 levels 

(Destatis 2025c). Thus, emission reductions observed 

since 2021 should be viewed as exceptional, driven 

primarily by short-term economic pressures rather 

than progress in industrial decarbonisation. 

All the same, between 2000 and 2021, the combined 

emissions from the energy-intensive industries 

declined by 11.4%, while their economic output 

increased by 10.5%, indicating a meaningful 

decoupling of emissions and economic growth (see 

Figure 2). 

 

 

Figure 2: Germany’s energy-intensive industries – GHG emissions and economic output, 2000-2022. Own depiction. 

Source: Destatis 2025d, e; DEHSt 2006-2023; VDZ e.V. 2001-2005. GHG emissions in million tonnes (Mt) CO2eq. Economic 

output based on gross value added by industry, price-adjusted in chained (2020) EUR. Industries included: basic cheicals, 

pharmaceuticals, refineries and cokeries, steel and metals, cement and lime, pulp and paper.
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2.2 Canada: Sector Overview 

 

Figure 3: Canada’s industry: facts and trends. Own depiction. Sources: ISED (2021); Statistics Canada (2024, 2025a); ECCC 

2024; Canada 2024. The "industry" category includes secondary manufacturing sectors such as chemicals, petroleum 

refining, iron and steel, metal smelting and refining, pulp and paper, cement, and other manufacturing. It excludes primary 

industries like mining, quarrying, oil and gas extraction, forestry, and construction. 

Canada, with a GDP of CAD 2.89 trillion (EUR 1.98 

trillion) in 2023, ranks as the tenth-largest economy 

globally (World Bank 2025b, c). The country’s 

economy is diverse and trade-oriented, with over 

75% of Canadians employed in service industries, 

while manufacturing and the natural resource 

industries remain vital to economic output and 

international trade (Canada 2012).  

The manufacturing sector – referred to in this study 

as the industrial sector– accounts for over 10% 

national GDP, generated a revenue of CAD 936 billion 

(EUR 641 billion) in 2023 and employed 1.56 million 

people in 2024 (ISED 2021; Statistics Canada 2024a, 

2025). It supports an additional 3.43 million jobs, 

meaning 1 in 4 Canadian jobs is connected to the 

manufacturing sector (CMC 2025). 

The sector includes industries engaged in the 

transformation of raw materials into secondary 

goods, covering a wide range of activities such as food 

and beverage production, textiles, wood and paper 

processing, chemicals and petroleum refining, 

plastics, metal and machinery manufacturing, non-

metallic products, electronics, transportation 

equipment, and other goods (Statistics Canada 

2025b). In 2024, the sector exported goods worth 

more than CAD 467 billion (EUR 315 billion), with 

 
1 Only including primary metal manufacturing, not fabricated 

metal product manufacturing. 

over 80% of exports destined for the United States 

(CMC 2025; Statistics Canada 2025c). 

Canada’s energy-intensive industries – commonly 

referred to domestically as “heavy industry” – include 

chemicals, steel and metals1, pulp and paper, cement, 

and lime and gypsum2. In 2024, these industries 

generated 29% of the industrial sectors’ economic 

output and 2.6% of Canada’s total GDP. They 

employed around 245,000 people, representing 

15.6% of the industrial workforce and roughly 1.3% 

Canada’s total labour force (Statistics Canada 2025b). 

Notably, Canada’s industrial sector has made greater 

strides in reducing GHG emissions than the rest of the 

economy. Between 1990 and 2022, industrial 

emissions fell by 6.5%, while nationwide emissions 

increased by 16%. Relative to 2005 – the baseline year 

for Canada’s climate targets – total national emissions 

decreased by 8.2% and industrial emissions by 7.4% 

(Canada 2024; ECCC 2025a). 

Energy-intensive industries are central to Canada’s 

economy, producing key materials required for 

construction, infrastructure and manufacturing. 

However, like in Germany, their production processes 

remain highly energy- and emission-intensive. In 

2023, these sectors emitted 85 Mt CO2eq, accounting 

for 12% Canada’s total GHG emissions. The largest 

2 The “heavy industry” category often includes mining, but we 
exclude it from our definition of energy-intensive 
industries, as it is classified as a primary industry. 
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contributors were the chemicals and petrochemicals 

industry (40 Mt), followed by steel and metals (24 

Mt), cement, lime and gypsum (13 Mt) and pulp and 

paper (8 Mt) (Canada 2025).  

Between 2000 and 2023, the combined emissions 

from these energy-intensive industries declined by 

18.3%, while their economic output decreased just by 

3.1%, indicating a partial decoupling of industrial 

emissions from growth (see Figure 4). 
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Figure 4: Canada’s energy-intensive industries – GHG emissions and economic output, 2000-2024. Own depiction. 

Source: ECCC 2024, 2025; Statistics Canada 2025b. GHG emissions in million tonnes (Mt) CO2e. Economic output based 

on gross domestic product at basic prices by industry, seasonally adjusted in chained (2017) CAD. Industries included: 

basic chemicals, refineries, steel and metals, cement, lime and gypsum, pulp and paper. 
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The following chapters provide an in-depth analysis 

of four key energy-intensive industries in Germany 

and Canada, examining their sectoral characteristics, 

conventional production processes, economic 

importance in each country, and their respective 

climate and emissions profiles. These sectors rank 

among the highest-emitting secondary industries in 

both countries and are widely recognized as hard-to-

abate, with particularly complex and challenging 

pathways to decarbonisation. 

3.1 Chemicals and Refining 

3.1.1 Sector Overview 

The chemicals and refining industry produces a broad 

and diverse range of products. The chemicals sector 

can be divided into the production of basic chemicals 

– including fertilisers and nitrogen compounds, 

organic feedstocks, synthetic materials, inorganic 

precursors, pigments, and industrial gases – as well as 

the production of processed and formulated products, 

such as pesticides, paints and coatings, cleaning 

agents, and personal care products (Verpoort et al. 

2024). The petrochemical industry, a subset of the 

basic chemicals sector, uses refined hydrocarbon 

products such as naphtha and ethane as feedstocks to 

produce high-value chemicals (HVCs) such as 

ethylene and propylene.  

The chemical industry's production process is both 

complex and energy-intensive, making the industry 

one of the largest industrial contributors to GHG 

emissions. These emissions arise from two primary 

sources: energy use and process emissions, which 

occur during chemical and physical transformations 

that release CO2 and other GHGs as byproducts. 

Three production pathways dominate GHG emissions 

from basic chemicals: 

• Ammonia production, responsible for 

approximately 45% of GHG emissions from 

the basic chemicals industry, typically 

involves the production of hydrogen through 

Steam Methane Reforming (SMR) of natural 

gas, followed by the Haber-Bosch process. 

This method is both energy-intensive and 

emits CO2 as a byproduct of the reforming 

reaction. Ammonia is essential for chemical 

fertilisers and is also used in refrigerants, 

explosives, plastics and other chemicals (IEA 

2025).  

• Methanol production contributes roughly 

28% of emissions from the sector. It is 

synthesised from syngas (a mixture of CO, 

CO2, and H2), which is produced from natural 

gas, coal or oil. Methanol serves as a building 

block for formaldehyde, acetic acid, and a 

wide range of resins and plastics (Tabibian 

and Sharifzadeh 2023).  

• The production of HVCs such as ethylene, 

propylene, benzene, toluene, and mixed 

xylenes accounts for 27% of basic chemical 

emissions. HVCs are produced via steam 

cracking of fossil feedstocks, a process that 

requires extremely high temperatures (up to 

870 °C) and thus large energy inputs. 

Ethylene, in particular, is a precursor for a 

wide variety of plastics and synthetic 

materials (IEA 2023; Verpoort et al. 2024). 

A critical complexity in decarbonising the chemical 

industry lies in the dual role of fossil fuels: they serve 

both as energy sources and as feedstocks. 

Approximately half of the sector's total oil and gas use 

is not combusted for energy, but instead used as 

feedstock, making direct substitution challenging 

(IEA 2023a). 

This dual dependence complicates emission 

reduction efforts, as it requires not only improving 

process energy efficiency and switching to low-

carbon energy sources but also sourcing sustainable 

alternative feedstocks – such as biogenic carbon, 

green hydrogen, or captured CO₂ for chemical 

synthesis. In addition, scope 3 emissions remain high 

due to the carbon content of the chemical products, 

many of which release CO₂ at the end of their life cycle, 

particularly through disposal routes such like 

incineration (Agora Energiewende & Wuppertal 

Institut 2020). 

In contrast to the petrochemical sector, the refining 

sector is primarily focused on converting crude oil 

3 Energy-Intensive Industries: Sector insights 
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into various hydrocarbon products, including 

“gasoline, diesel, jet fuel, and petrochemical 

feedstocks such as naphtha” (Aitani 2004). Refineries 

and chemical complexes are frequently co-located or 

integrated to optimize feedstock flows and energy 

use. The refining sector is the third-largest stationary 

source of GHG emissions (Ma et al. 2023). While the 

dominant source of these emissions is stationary fuel 

combustion – used to generate the high-temperature 

heat required for key processes such as distillation, 

cracking, coking and reforming – additional emissions 

arise from venting, flaring and fugitive leaks from 

equipment (EPA 2013).  

3.1.2 Germany 

Economic Relevance  

The chemicals sector is a vital pillar of Germany’s 

economy. In 2023, the industry generated a turnover 

of EUR 225.5 billion (CAD 334.8 billion) (2.2% of GDP 

in 2022) (Destatis 2024b). As of 2023, the sector 

employed around 480,000 people across 2,100 

companies, many of which are located in one of 

Germany’s 40 Chemical Parks. Major chemical hubs 

include North Rhine-Westphalia and the Rhine-

Neckar region, with global players like BASF and 

Bayer headquartered there (VCI 2024a, c). 

The most important chemical segments in Germany, 

based on 2023 production value, are fine and 

specialty chemicals (26%), pharmaceuticals (23%), 

polymers (18%), petrochemicals and derivatives 

(14%), inorganic basic chemicals (11%), and 

detergents and personal care products (7%) (VCI 

2024a). Basic chemical production accounts for 

around 60% of total chemical output (Verpoort et al. 

2024). 

The chemicals industry has a strong multiplier effect, 

with each job creating approximately two additional 

jobs in the broader economy. Small and medium-sized 

enterprises (SMEs) play a crucial role, with 92% of 

companies employing fewer than 500 people. The 

petrochemical segment remains robust, contributing 

16% of total production value in 2022 (VCI 2024b). 

Germany ranks first in chemical production within 

Europe and third globally. In 2023, exports made up 

around 60% of the sector's total sales, with the 

European Union as the most important trading 

partner (Centurion Plus 2023). Key domestic 

customers include plastics processors (21%), the 

construction sector (17%), wood and furniture 

(10%), metal production and processing (9%), the 

automotive industry (7%), textiles and clothing (6%), 

and others (30%) (VCI 2024b). 

However, the sector faces growing challenges. The 

high energy prices triggered by Russia’s war in 

Ukraine, combined with structural problems such as 

tax burdens, bureaucratic hurdles, lengthy permitting 

procedures, and a shortage of skilled labour, has 

significantly affected the industry (Mewis and Zinn 

2025). In 2023, the sector operated at only 77% of its 

capacity, with output levels 16% below pre-COVID 

levels (2018). Weak demand due to economic 

downturns in Germany and across Europe has further 

dampened profitability. By the third quarter of 2025, 

production in the German chemical industry was 

1.5 percent lower than a year earlier, with the VCI 

expecting a 2 percent annual decline in chemical 

output partly offset by pharmaceuticals (VCI 2025). 

Germany’s refining sector also plays a significant role. 

It has the second-highest number of refineries and the 

largest crude oil refining capacity in Europe (Barthe 

et al. 2015). Currently, Germany operates 12 active 

refineries with a combined annual crude oil 

processing capacity of around 106 million tonnes. 

About 80% of refinery products are used as fuels for 

mobility and heating, with the remainder serving as 

petrochemical feedstocks and as other products such 

as lubricants, bitumen, and sulfur. In 2021, the 

refineries produced roughly 97.2 million tonnes of 

mineral oil products from around 84 million tonnes of 

crude oil (Artz et al. 2024). 

Climate Targets and Progress 

In 2022, the German chemicals and refining sector 

emitted 62.5 Mt CO2eq, accounting for about 8.3% of 

Germany’s total GHG emissions. From 2000 to 2022, 

the sector reduced its emissions by 23%, while its 

economic output increased slightly by 0.7% (see 

Figure 5). This reduction was primarily achieved 

through energy efficiency improvements, particularly 

advanced heat integration. Furthermore, the sector 

has decreased its dependence on fossil fuels by 

negotiating joint renewable energy procurement 

agreements within chemical parks. By 2045, the 

sector aims to achieve climate neutrality, in line with 

national climate targets (Dietrich et al. 2024). 

The chemical industry accounts for around 8% of 

Germany’s total energy demand and 22% of industrial 

energy demand. When the use of fossil fuels as 

feedstock is included, the sector’s share rises to 30% 

of industrial energy demand. Since 1990, energy use 

in the sector has fallen by 22%, and CO₂ emissions 

have declined by 54% (VCI 2024a).  
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In 2022, basic chemical production alone was 

responsible for 39.6 million tonnes of CO₂-equivalent 

emissions – about two-thirds of the chemical 

industry’s total and 23.6% of total industrial GHG 

emissions (KEI 2025b). 

Refineries in Germany emitted 22.5 Mt CO2eq in 2021, 

which corresponds to 19% of total industrial 

emissions – despite refineries representing only 

around 3% of Germany’s industrial facilities. Accurate 

data on refinery energy demand is limited due to a 

lack of public reporting. Energy needs are largely met 

with oil and its products, varying significantly by site 

(acatech and DECHEMA 2023). 

3.1.3 Canada 

Economic Relevance  

The chemical industry is a major contributor to 

Canada's economy, ranking as the third-largest 

industrial sector by revenue in 2023 (Statistics 

Canada 2024a). That year, the sector generated CAD 

74.9 billion (EUR 50.5 billion) in turnover, accounting 

for around 1% of national GDP (Statista 2025e, 

Statistics Canada 2025).  

As of 2023, Canada’s chemical industry employed 

around 93,300 people, with each job in the sector 

supporting approximately five additional jobs across 

the broader economy (CIAC 2024). The industry 

comprised over 3,500 establishments, primarily 

small- to medium-sized companies, with major 

concentrations in Alberta and Ontario (440 

Megatonnes 2025). 

Canada’s chemical industry includes a wide range of 

subindustries, including basic chemicals, synthetic 

resins and fibres, fertilisers and pesticides, 

pharmaceuticals, and formulated products such as 

paints and soaps. Domestically, the industry serves 

several key sectors, including manufacturers of 

plastic and rubber products, forest products, clothing, 

and construction materials, as well as the oil and gas 

extraction sector (CIAC 2024). 

Canada is also a major exporter of chemical products. 

Most of Canada's chemical products are sold to 

international markets, with the United States being its 

largest trading partner. In 2023, chemical exports 

reached CAD 45.7 billion (EUR 30.8 billion) in 2023 

(ISED 2024a). In total, 76% of Canadian chemical 

exports were destined for the United States (Statista 

2025b).  

Despite its export strength, Canada's chemical 

industry faces a range of challenges. High interest 

rates have dampened downstream demand, while 

slow global growth limits further expansion. The 

industry is also exposed to trade disputes with the 

United States, its largest export market. In addition, 

the sector must address the growing imperative to 

reduce emissions and shift toward low-emission 

products (CIAC 2025). 
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Figure 5: Germany’s chemicals and refining sector – GHG emissions and economic output, 2000-2022. Own 

depiction. Source: Destatis 2025d, e; DEHSt 2006-2023. GHG emissions in million tonnes (Mt) CO2eq. Economic output 

based on gross value added by industry, price-adjusted in chained (2020) EUR. Industries include basic chemicals, 

pharmaceuticals, and refineries and cokeries. 
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Canada has a strong refining industry, ranking 11th 

globally in capacity (CER 2018). In 2021, the sector 

generated CAD 70.5 billion (EUR 47.6 billion) in 

revenue, contributing 0.6% to national GDP (ISED 

2025a; Statistics Canada 2025b).  

As of 2024, Canada operated 17 refineries with a total 

capacity of approximately 1.93 million barrels per day 

as of 2024 (CER 2025). Conventional light crude oil is 

mainly processed by refineries situated east of the 

Prairie Provinces, whereas refineries in the west 

process a larger proportion of oil sands crude than 

those in the east (CER 2018). Alberta has the largest 

share of refining capacity at 30%, followed by Ontario 

(21%) and Quebec (21%), New Brunswick (17%), 

Saskatchewan (8%), British Columbia (4%), and 

Newfoundland (1%) (CER 2025).  

Climate Targets and Progress 

In 2023, the Canadian chemicals and refining sector 

emitted 40 Mt CO2eq – accounting for about 5.8% of 

Canada’s total GHG emissions. (Environment and 

Climate Change Canada 2024). Between 2000 and 

2023, the sector achieved a slight emission reduction 

of 2%, while its economic output increased by 12% 

over the same period (see Figure 6). These emission 

reductions were primarily achieved through 

investments in energy efficiency, as well as some 

degree of fuel switching (ibid.; 440 Megatonnes 

2025). The Canadian chemical industry has 

committed to achieving net-zero emissions by 2050, 

in alignment with national climate goals (CIAC 2025).  

In 2023, chemical manufacturing accounted for 

approximately 23 Mt CO2eq, while refining operations 

contributed around 17 Mt CO2eq. Furthermore, 

petroleum and coal product manufacturing and 

chemical manufacturing together made up 26.1% of 

total industrial energy consumption. Chemical 

manufacturing ranked as the fourth-largest industrial 

energy consumer in 2023, while petroleum and coal 

product manufacturing was the third-largest. 

(Statistics Canada 2024b). The chemical industry was 

also the largest consumer of natural gas. 

3.2 Steel and Metals 

3.2.1 Sector Overview 

The steel and metals sector covers the production and 

processing of iron and steel, ferro-alloys, and non-

ferrous metals such as aluminium, copper, nickel, lead 

and zinc. These materials form the foundation of 

industrial value chains across sectors like 

construction, manufacturing, automotive and energy. 

Steel production primarily follows two routes: the 

Blast Furnace-Basic Oxygen Furnace (BF-BOF) route, 

which uses iron ore to produce new steel, and the 

Electric Arc Furnace (EAF) route, which uses recycled 

scrap steel. The BF–BOF route, used for 60% of steel 

production in the EU, is significantly more emission-

intensive, relying heavily on coal as a reducing agent 

to extract iron from iron ore and to provide the carbon 

required to produce steel (IEA 2023). 
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Figure 6: Canada’s chemicals and refining sector – GHG emissions and economic output, 2000-2024. Own 

depiction. Source: ECCC 2024, 2025; Statistics Canada 2025b. GHG emissions in million tonnes (Mt) CO2eq. Economic 

output based on gross domestic product at basic prices 
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The BF-BOF process begins with the conversion of 

coal into coke in coking ovens at 1,100°C, releasing 

impurities and CO2 emissions. In the next step, iron 

ore is reduced to pig iron using coke and limestone in 

a blast furnace at temperatures of around 1,650°C. 

This molten iron is then transferred to the Basic 

Oxygen Furnace, where oxygen is blown through the 

liquid metal to remove impurities and adjust the 

carbon content, producing steel (LUX Metal 2025).  

Each stage of this process releases significant CO₂ 

emissions, both from the combustion of fossil fuels 

and from the chemical reactions involved. Moreover, 

blast furnaces must operate continuously, as 

shutdowns risk damaging the furnace, which 

magnifies their overall emissions impact. The EAF 

route, by contrast, primarily uses scrap metal and 

electricity to melt steel, resulting in significantly 

lower emissions. Globally, the iron and steel industry 

accounts for 11% of CO2 emissions (Lempriere 2023).  

Non-ferrous metals are generally produced in smaller 

volumes compared to steel but often involve more 

energy-intensive processes, particularly in primary 

production (IPCC 2007). Like steel, non-ferrous 

metals can be manufactured from either primary or 

secondary (recycled) materials. Primary production 

begins with the extraction and initial processing of 

ores, which typically takes place in the country of 

origin.  

A typical non-ferrous metal smelting facility includes 

several stages: raw material handling, pre-treatment 

processes such as roasting, sintering, or blending, and 

smelting in furnaces. Once in molten form, the metal 

undergoes further purification through thermal 

treatment in converters, rotary kilns, or induction 

furnaces. Electrolytic refining is also commonly used 

to achieve high purity before the metal is cast into 

bars, ingots, or semi-finished products (EPA 2025).  

Aluminium production follows a slightly different 

path, as both smelting and electrolysis occur within 

specialized electrolysis cells. The resulting aluminium 

is then alloyed and processed into semi-finished 

goods. 

Secondary (recycled) production of non-ferrous 

metals involves mechanical processing of scrap, 

followed by remelting and refining. These steps often 

take place within the same facilities and closely 

resemble the procedures used in primary production. 

Emissions are generated at nearly every stage of non-

ferrous metal production, with fine dust particles – 

often containing heavy metals – posing a particularly 

significant environmental hazard (Umweltbundesamt 

2024c). 

3.2.2 Germany 

Economic Relevance  

Germany is the largest steel producer in Europe and 

ranks seventh globally (World Steel Association 

2025). In 2023, the country produced 35.4 million 

tonnes of crude steel, generating a turnover of EUR 

50.6 billion (CAD 75.1 billion) (Eurometal 2024; 

Statista 2025c). The sector contributed 2.2% to GDP 

in 2022 (Destatis 2024b). Of this output, 70% was 

primary steel, and 30% was secondary steel. The 

sector directly employs around 80,000 people, while 

over 4 million people work in steel-intensive 

industries across Germany. There are 25 steel 

production facilities in Germany, predominantly 

located in the country’s industrial regions, 

particularly in the west (WV Stahl 2023). The largest 

German steelmaker is Thyssenkrupp, followed by 

Arcelor Mittal and Salzgitter (BMWE n.d.).  

Germany exported 25.5 million tonnes of steel in 

2023, making it the fourth-largest steel exporter 

worldwide (World Steel Association 2024). 

Domestically, two-thirds of steel demand comes from 

the construction and automotive sectors. Other major 

consumers include mechanical engineering, electrical 

engineering and the metal goods industry (WV Stahl 

2024). 

Germany is also a major producer of non-ferrous 

metals and hosts the second-largest number of non-

ferrous production facilities in Europe (Wyns and 

Khandekar 2019). In 2023, the sector produced 5.9 

milllion tonnes of non-ferrous metals in 2023, 

generating a revenue of EUR 64.3 billion (CAD 95.5 

billion). The non-ferrous metals industry employed 

107,000 people across 630 companies (WV Metalle 

2024). When including indirect jobs, the non-ferrous 

metals industry supports around 245,000 jobs in 

Germany. Of the revenue, EUR 34.1 billion (CAD 50.6 

billion) was generated through domestic offtake, 

while EUR 30.2 billion came from exports to foreign 

markets. 

However, the steel and metals sector is facing several 

challenges, including rising energy prices, reduced 

demand from key sectors such as automotive and 

construction, increased competition from Asian 

imports, and the need to implement structural 

changes for climate-friendly production methods 

(WVS 2024).  

By 2023, crude steel production had declined by 12% 

compared to pre-crisis levels in 2021 – falling from 

40.2 million tonnes to 35.4 million tonnes – marking 
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the weakest output year since the 2009 financial crisis 

(WVS 2024; GMK Center 2024). The non-ferrous 

metals sector experienced an even steeper decline, 

with a 16% drop in production over the same period 

(WV Metalle 2022, WV Metalle 2024).  

Climate Targets & Progress 

In 2022, Germany’s steel and metals sector emitted 

57.4 Mt CO2eq, accounting for about 7.7% of the 

country’s total GHG emissions (Destatis 2025e). Of 

these emissions, 95% originated from iron and steel 

manufacturing, while the remaining 5% came from 

the non-ferrous metals sector. Between 2000 and 

2022, the steel and metals sector reduced its 

emissions by 13%, while its economic output 

remained relatively stable, rising slightly by 0.2% (see 

Figure 7).   Emissions from the steel industry alone 

accounted for 29% of Germany’s total industrial 

emissions in 2022. Of this share, 69% were energy-

related and 31% were process-related (KEI 2025c). 

The BF-BOF route accounted for roughly 46% of hard 

coal consumption in Germany in 2022.  

Between 2000 and 2022, the steel industry reduced 

its emissions by 8% (Destatis 2025b), mainly through 

efficiency improvements in both integrated and 

electric steelmaking routes. Significant emission 

reductions were achieved by increasing the share of 

scrap used in crude steel production. However, the BF-

BOF route has now reached its limit in terms of 

emissions reduction. Consequently, German 

steelmakers are increasingly turning to the direct 

reduced iron–electric arc furnace (DRI-EAF) route, 

though this transition is still in early stages (KEI 

2025c). 

The non-ferrous metals industry – starting from a 

lower emissions base – has been more successful in 

reducing GHG emissions. Between 2000 and 2022, it 

achieved a 75% reduction in emissions (KEI 2025d). 

This progress has been largely driven by the 

increasing use of recycled materials, which enable 

more energy-efficient production. The share of 

secondary raw materials in primary aluminium 

production is 58%, while in copper production it has 

reached 44% (KEI 2025d). 

3.2.3 Canada 

Economic Relevance  

Canada’s steel and metals sector plays a significant 

role in the economy, albeit on a smaller scale 

compared to Germany. In 2024, the sector accounted 

for 0.5% of the country's total GDP (Statistics Canada 

2025b) and ranked as the seventh-largest 

manufacturing sector in Canada (CWB Group 2024). 

In 2023, it employed nearly 54,600 people, primarily 

in Ontario and Quebec. 
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Figure 7: Germany’s steel and metals sector – GHG emissions and economic output, 2000-2022. Own depiction. 

Source: Destatis 2025d, e; DEHSt 2006-2023. GHG emissions in million tonnes (Mt) CO2eq. Economic output based on 

gross value added by industry, price-adjusted in chained (2020) EUR. Industries include production and processing of 

ferrous and non-ferrous metals. 
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Iron and steel production alone contributed 0.2% to 

Canada’s GDP. In 2023, the steel industry produced 

approximately 12.3 million metric tonnes of crude 

steel (World Steel Association 2024). The sector 

provides over 23,000 direct jobs, with estimates 

suggesting that each of these supports between 3.3 

and 7 additional jobs in the broader economy – 

translating to 80,000 to 160,000 indirectly supported 

jobs (USW 2024). The largest steelmakers in Canada 

are ArcelorMittal SA, Stelco Inc., and Algoma Steel Inc. 

(ITA 2025). 

In 2024, Canada ranked as the world’s sixteenth 

largest steel exporter, shipping 6.4 million metric 

tonnes abroad. The United States is the top 

destination, receiving 95% of Canadian steel exports, 

followed by Mexico and Bangladesh (ITA 2025). The 

steel industry is a critical supplier to key sectors 

within the Canadian economy, including automotive, 

energy, construction, and transportation (USW 2024). 

The non-ferrous metal sector is also economically 

significant. The aluminium industry accounts for 

0.2% of GDP, while other non-ferrous metal 

production contributed 0.1% (Statistics Canada 

2025). Canada ranks fourth globally in aluminium 

production (AAC n.d.), with a total output of 3.3 

million tons of primary aluminium. In 2024, 11,250 

people were employed in aluminium production and 

processing, and another 11,280 worked in other non-

ferrous metal production and processing (Statistics 

Canada 2025a).  Across the country, there are about 

50 non-ferrous metal production facilities (ISED 

2025b; AAC 2025).  

Canada’s steel and metals sector experienced a GDP 

decline of 12.3% following the Covid-19 pandemic, 

falling from $12.7 billion in 2019 to $11.1 billion in 

2020. Since then, output has not returned to pre-

pandemic levels. Employment in the sector declined 

by 5.6% between 2019 and 2023, dropping from 

approximately 58,000 to 54,600 workers. The 

industry faces a number of challenges, including 

economic uncertainty, labour shortages, ongoing 

trade disputes with the United States (with 92% of 

Canadian aluminium exports going to the U.S.), 

geopolitical tensions, competition from low-cost 

imports – particularly from China – and stringent 

environmental regulations (CWB Group 2024).  

Climate Targets & Progress  

In 2023, Canada’s steel and metals industry emitted 

24 Mt CO2eq, accounting for 3.5% of the country’s 

total GHG emissions. Between 2000 and 2023, the 

sector reduced its emissions by 31%, while its 

economic output declined by 14%, indicating a 

moderate decrease in emission intensity (see Figure 

8).  

Metal manufacturing was the second-largest 

industrial energy consumer in 2023 (Statistics 
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Figure 8: Canada’s steel and metals sector – GHG emissions and economic output, 2000-2022. Own depiction. 

Source: ECCC 2024, 2025; Statistics Canada 2025b. GHG emissions in million tonnes (Mt) CO2eq. Economic output based 

on gross domestic product at basic prices by industry, seasonally adjusted in chained (2017) CAD. Industries included: 

primary metal manufacturing. 
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Canada 2024c). Nonetheless, Canada’s steel industry 

has significantly improved operational and energy 

efficiency in recent decades through better 

performance, energy management (including heat 

and by-product recovery with cogeneration), and 

more efficient production and raw material use. As a 

result, Canada now has the lowest GHG intensity for 

integrated steelmaking plants and the second-lowest 

for electric arc furnace plants among the ten largest 

steel-producing countries (CSPA 2021). 

Similarly, the Canadian aluminium industry has one of 

the lowest carbon intensities globally, with an energy 

intensity per unit of production below the global 

average (AAC 2025). The steel and metals sector is 

committed to achieving climate neutrality by 2050, in 

line with Canada’s national climate targets (NRCan 

2025a).  

3.3 Cement and Lime 

3.3.1 Sector Overview 

Cement and lime are essential to the modern 

economy. Cement is used in construction and civil 

engineering, while lime plays a critical role in the steel 

industry, as well as in the production of construction 

materials, paints, plastics and rubber (DG Grow 

2025). Both products are highly emission-intensive 

due to their reliance on raw materials that release CO2 

during processing, combined with the high heat 

requirements of their production (Calix 2025). 

The cement production process begins with 

quarrying limestone and clay, followed by grinding, 

blending, and feeding into a rotary kiln. The resulting 

cement clinker, rich in calcium silicates, is then 

ground and mixed with additives like gypsum to 

produce the final cement. In cement production, 

around 60% of CO₂ emissions stem from the 

calcination of limestone (calcium carbonate), which 

releases CO₂ when decomposed into lime (calcium 

oxide) at high temperatures. These are referred to as 

process-emissions. The remaining 40% comes from 

the combustion of fossil fuels used to heat kilns to 

1,400–1,500°C (Mason and Lea 2025; Fennell et al. 

2021). 

Lime production, by contrast, involves a simpler 

process. It uses limestone as the sole raw material, 

which is heated in kilns at about 900–1,200°C. The 

thermal decomposition (calcination) of calcium 

carbonate yields quicklime (CaO) and CO₂. Although 

similar in its use of limestone and thermal 

requirements, lime production differs from cement 

production in that it produces a single product (lime) 

rather than clinker, and it is not blended with 

additional materials during production (MPA 2025). 

3.3.2 Germany 

Economic Relevance  

Germany’s cement and lime industry contributed less 

than 0.6% to national GDP in 2022 (Destatis 2024b). 

In 2023, the cement sector generated EUR 3.8 billion 

(CAD 5.6 billion) in revenue, producing 28.2 million 

tonnes of cement. The lime industry produced 6 

million tonnes (Mt) of lime in 2021, with revenues of 

EUR 700 million (CAD 1 billion) (Bundesverband 

Kalkindustrie n.d.).  

The cement sector employs about 8,000 people across 

54 plants operated by 21 companies., including major 

players like Heidelberg Materials and Holcim as well 

as several medium-sized enterprises. Production is 

concentrated in southern and western Germany 

(Statista n.d.a; VDZ e.V. 2023; VDZ e.V. n.d.). In 2018, 

57% of cement was supplied to domestic concrete 

producers, and 22% to manufacturers of concrete 

products. In 2023, Germany was Europe’s second-

largest cement exporter, with exports worth EUR 634 

million (CAD 944 million), primarily to neighbouring 

countries like the Netherlands, Austria, and Poland 

(Statista n.d.b.; VDZ e.V. 2024). 

The lime industry comprises 50 companies operating 

over 100 lime kilns and employing 3,100 people. 

Current production is around 6.4 Mt annually 

(Bundesverband Kalkindustrie n.d.). Major 

consumers include the iron and steel industry (2.1 

Mt), construction (1.3 Mt), environmental protection 

(1.1 Mt), and other industries (0.7 Mt). 

Both sectors have faced major headwinds in recent 

years, largely due to the economic fallout of Russia’s 

war in Ukraine. Higher interest rates and inflation 

have weakened investment in construction and 

infrastructure, reducing demand for cement and lime 

(VDZ e.V. 2023; Bundesverband Kalkindustrie 2024). 

Climate Targets & Progress 

In 2022, the German cement and lime sector emitted 

22.9 Mt CO2eq – about 3.1% of the country’s total GHG 

emissions. Cement alone accounted for 11% of 

Germany’s industrial emissions, and lime for 4% (KEI 

2025e). Despite stable output, emissions have fallen 

23% since 2000 (see Figure 9). 

The cement industry has pursued emission 

reductions for decades through various strategies. 
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These include improving energy efficiency (e.g. waste 

heat recovery and optimized electricity use), lowering 

the clinker content in cement, and replacing fossil 

fuels with alternative fuels, such as waste-derived 

materials or biomass (Climate Analytics 2025). 

In the lime sector, roughly two-thirds of emissions 

stem from the calcination process–where CO₂ is 

chemically released from limestone at high 

temperatures. These process-related emissions are 

unavoidable. The remaining third is energy-related, 

resulting from fuel combustion to generate high heat. 

3.3.3 Canada 

Economic Relevance  

Canada’s cement and concrete sector contributed 

0.2% of national GDP in 2023 (Statistics Canada 

2025b) and has a comprehensive annual economic 

impact – direct, indirect and induced – of 

approximately CAD 76 billion (EUR 51.3 billion) (ISED 

2022). Revenue reached CAD 11.2 billion (EUR 7.6 

billion) in 2023, marking a modest 1.05% average 

yearly growth over the past decade (ReportLinker 

n.d.a). 

The sector supports around 166,000 direct and 

indirect jobs across 1,564 establishments, with 96% 

classified as small businesses (ISED 2024c).  The 

leading cement producers are Lafarge Canada, CRH 

Canada Group, and Heidelberg Materials. Canada was 

the world’s 6th largest cement exporter in 2023, 

exporting CAD 784 million (EUR 526 million) mainly 

to the United States. Domestically, production 

primarily serves residential and non-residential 

construction markets (IBISWorld 2025a). 

Looking ahead, the cement market is projected to 

grow by over 6% by 2030 (Bonafide 2024). 

Nonetheless, the industry faces challenges: 

substantial investment is needed for decarbonisation 

to meet environmental regulations (CAC 2023), and 

ongoing trade disputes with the U.S. could disrupt 

exports and raise costs (CemNet 2025). 

Canada’s lime sector is small but regionally 

significant, comprising 17 employer establishments 

nationwide in 2023, with the vast majority (76.5%) 

categorized as small firms employing 5–99 people, 

alongside modest numbers of micro- and 

medium-sized operations (ISED 2023). 

Climate Targets & Progress 

In 2023, Canada’s cement, lime and gypsum 

industries collectively emitted 13.2 Mt CO2eq, 

representing 1.9% of national GHG emissions (ECCC 
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Figure 9: Germany’s cement and lime sector – GHG emissions and economic output, 2000-2022. Own depiction. 

Source: Destatis 2025d, e; DEHSt 2006-2023; VDZ e.V. 2001-2005. GHG emissions in million tonnes (Mt) CO2eq. Economic 

output based on gross value added by industry, price-adjusted in chained (2020) EUR. Due to data limitations, the 

economic output figures represent the entire “mineral processing, glass, and ceramics industry”. Emissions data are 

provided specifically for cement and lime production. 
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2024, 2025). From 2000 to 2023, emissions dropped 

by 12%, while economic output increased by 60%, 

showing a strong decline in emission intensity (see 

Figure 10). 

The cement sector improved energy efficiency by 

20% over three decades and introduced Portland-

limestone Cement, which cuts emissions by up to 10% 

versus conventional cement (CAC 2023). Now, the 

industry is advancing efforts by reducing clinker 

content, increasing use of alternative fuels like 

engineered biomass, and deploying CCS/CCU (carbon 

capture, utilization, and storage) technologies. 

However, fuel substitution stands at under 10% (as of 

2020), well behind Europe’s 40%+ average (ibid.) 

Compared to cement, decarbonization in Canada’s 

lime industry is less documented, but generally 

follows similar process fundamentals as described 

above. While precise numbers for energy or emission 

reductions in lime production aren't publicly 

available, the sector is engaged in decarbonization 

through efficiency improvements and collaboration 

via Canadian Industry Program for Energy 

Conservation (CIPEC) (see Section 4.2.3). 

3.4 Pulp and Paper 

3.4.1 Sector Overview 

The pulp and paper industry converts raw wood 

materials into a wide range of paper-based products 

through several energy- and process-intensive steps. 

Every day, around 3,000 different types of paper, 

board, and cardboard – made from wood and pulp –

are in circulation. These products are essential in 

modern life: as packaging materials, they enable the 

safe transport and protection of goods; as printed 

media, they are indispensable in publishing, and they 

play a crucial role in hygiene as tissues, kitchen 

towels, and toilet paper. 

Paper production begins with the harvesting of trees, 

which are debarked and chipped at mills. The 

resulting wood chips are processed into pulp using 

either mechanical or chemical methods. Chemical 

pulping – commonly through the kraft process – uses 

heat, pressure, and chemicals to break down lignin 

and extract cellulose fibres. This process is 

particularly energy- and water-intensive and is 

primarily used for non-recycled paper. Mechanical 

pulping, by contrast, uses grinding to separate fibres 

and retains more of the original wood components, 

resulting in lower-strength, coarser paper used for 

products like newspaper (Vector Solutions 2024). 
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Figure 10: Canada’s cement and lime sector – GHG emissions and economic output, 2000-2024. Own depiction. 

Source: ECCC 2024, 2025; Statistics Canada 2025b. GHG emissions in million tonnes (Mt) CO2eq. Economic output based 

on gross domestic product at basic prices by industry, seasonally adjusted in chained (2017) CAD. Industry categories 

include “cement and concrete” for economic output and “cement, lime and gypsum” for GHG emissions. 
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Once pulped, the material is washed, screened, and 

sometimes bleached to improve brightness. The pulp 

is then diluted with water and spread onto wire 

screens to form continuous sheets, which are then 

pressed and dried using steam-heated cylinders. 

Additional processing steps, such as calendaring and 

coating, may follow before the product is converted 

into its final form, e.g. packaging, printing paper, or 

hygiene articles (Deskera n.d.). 

This entire process demands significant amounts of 

energy, especially for pulp drying, steam production, 

and chemical recovery. Many production sites are 

integrated mills, combining pulp and paper 

production, which allows for internal energy recovery 

but also increases overall energy intensity. 

The pulp and paper industry is a major industrial 

consumer of energy and a notable source of GHG 

emissions. The most emissions-intensive stages of 

production include pulping, paper machine 

operations, and on-site energy generation. The scale 

of emissions largely depends on the fuel and 

electricity sources used. The primary sources of 

emissions are: 

• Heat and power generation, which relies 

heavily on fossil fuels like natural gas, coal, 

and oil to produce process heat and steam–

especially for drying, the most energy-

intensive step. 

• Chemical pulping, which emits greenhouse 

gases through the combustion of byproducts 

such as black liquor in recovery boilers. 

• Mechanical pulping, which is highly 

electricity-intensive and thus emissions-

heavy when powered by fossil-based grids. 

• Bleaching and finishing, which also consume 

thermal and electrical energy, though to a 

lesser extent. 

Overall, the sector’s carbon footprint is strongly 

shaped by its energy mix and technological choices. 

As such, decarbonization strategies focus on 

improving energy efficiency, electrifying heat 

processes, shifting to renewable fuels, and deploying 

technologies like high-temperature heat pumps and 

thermal storage (IEA 2023b). 

3.4.2 Germany 

Economic Relevance  

Despite recent challenges, Germany's pulp and paper 

industry continues to play a significant role in the 

country's industrial landscape. In 2023, the sector 

generated a turnover of EUR 15.5 billion (CAD 23 

billion), producing 18.6 million tonnes of paper and 

board – making Germany the largest paper producer 

in Europe (Statista n.d.c.; SunSirs 2024). It employs 

around 46,000 people across nearly 150 paper mills, 

comprising a mix of integrated pulp and paper sites 

and just four dedicated pulp mills (IBISWorld 2024; 

SunSirs 2024). The industry primarily serves the 

domestic market, with 58.9% of total production used 

for packaging applications (Die Papierindustrie e.V. 

2023).  

The sector’s structure is shaped by its strategic 

integration with other industrial value chains. Paper 

is essential across a wide spectrum of downstream 

sectors, including food and pharmaceutical 

packaging, publishing, hygiene, logistics, and e-

commerce. About 85% of production remains within 

the EU, underscoring its regional relevance. 

However, the industry is currently under pressure 

from several directions. In 2023, production volumes 

dropped by 14% compared to the previous year – the 

lowest output in over two decades – while revenues 

fell by 27% (SunSirs 2024). This sharp contraction 

reflects the broader slowdown of the German 

economy: falling industrial output and weak 

consumer spending directly reduced demand both for 

packaging and advertising material, two major 

products in the sector (Die Papierindustrie e.V. 2024). 

At the same time, structural changes continue to 

reshape the market – especially digitization, which 

has led to sustained decline in demand for graphic 

papers. Nonetheless, innovative paper-based 

packaging solutions may offer growth as the economy 

recovers, providing sustainable alternatives to plastic 

packaging (Birkner’s PaperWorld 2024; Cepi 2023). 

Climate Targets & Progress 

In 2022, Germany’s paper and pulp sector emitted 

13.7 million tonnes CO2eq, accounting for 1.8% of 

national GHG emissions and 7% of industrial 

emissions. Unlike other energy-intensive industries, 

the sector’s process-related emissions are 

comparatively small; the vast majority of emissions 

arise from energy use, particularly for steam and heat 

generation. 

Between 2000 and 2022, emissions from the sector 

increased by 26%, while economic output grew by 5% 

(see Figure 11). This development is primarily driven 

by an expansion in overall production, which has 

outpaced gains in energy efficiency. In 2022, 

production was 19% higher than in 2000, and 69% 

higher than in 1990, offsetting progress made in 

reducing energy consumption (Labelprint24 n.d.). 
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Despite this trend, significant progress has already 

been made in terms of switching energy supply. 

Around 50% of the sector’s energy needs are now met 

by renewable sources, supported largely by combined 

heat and power (CHP) plants. These plants cover 

around 42% of electricity demand and more than 

80% of heating requirements through on-site 

generation, reducing dependency on external fossil-

based energy (Die Papierindustrie e.V. 2024b; 

Energynest 2023).   

The increasing use of wastepaper also plays a critical 

role in reducing the sector’s carbon footprint. In 2023, 

the recycling rate reached 83%, up from 49% in 1990, 

contributing to a reduction in primary energy use, as 

well as lower wood and water consumption. Between 

1955 and 2020, the sector reduced its energy input 

per tonne of paper by 66.5%, reflecting continuous 

efficiency gains over the long term 

(Umweltbundesamt 2024e). 

3.4.3 Canada 

Economic Relevance  

Canada’s pulp and paper industry remains a 

significant contributor to the national economy, 

despite ongoing structural challenges. In 2023, the 

sector generated CAD 22 billion (EUR 14.8 billion) in 

revenue and contributed approximately CAD 7.4 

billion (EUR 5 billion) to Canada's real GDP – 

representing 0.3% of GDP, down from 0.9% in 2000 

(ReportLinker n.d.b). This reflects a long-term decline 

in economic output as demand for certain paper 

products, particularly newsprint, continues to shrink 

amid accelerating digitalization (Statistics Canada 

2025b).  

The industry comprises around 80 pulp and paper 

mills across the country, employing approximately 

20,000 people. Production is concentrated in key 

provinces with rich forest resources, notably British 

Columbia, Quebec, and Ontario, Alberta and New 

Brunswick. Mills are typically located in small towns, 

where they play a critical role in regional employment 

and economic activity by converting forest biomass 

into pulp, paper, and related products (440 

Megatonnes 2024).  

Canada is also a major exporter of pulp and paper. In 

2023, the sector exported roughly CAD 13.6 billion 

(EUR 9.2 billion) worth of products, with the United 

States as the dominant trading partner (Statista 

2024b). Other important destinations include the 

Netherlands, France, and Spain (WITS n.d.).  

Domestically, production focuses on newsprint, 

sanitary paper, and specialty papers. used in 

industrial and consumer applications (IBISWorld 

2025b). 

Although the sector experienced a 45% decline in 

economic output between its peak in 2004 and 2018, 
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Figure 11: Germany’s pulp and paper sector – GHG emissions and economic output, 2000-2022. Own depiction. 

Source: Destatis 2025d, e; DEHSt 2006-2023. GHG emissions in million tonnes (Mt) CO2eq. Economic output based on 

gross value added by industry, price-adjusted in chained (2020) EUR.  
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it continues to adapt by shifting toward value-added 

products, sustainable production, and bio-based 

innovations to stay relevant in a changing global 

market (CER 2019). 

Climate Targets & Progress 

In 2023, Canada’s pulp and paper sector emitted 

approximately 8 Mt of CO2eq, accounting for around 

1.1% of national GHG emissions. While the industry 

reduced its emissions by 40% since 2000, this decline 

is largely attributable to a 47% decrease in economic 

output over the same period – indicating little 

progress in reducing emission intensity.  

The sector has focused its decarbonisation efforts 

primarily on implementing energy efficiency 

measures and switching to less emission-intensive 

fuels. Companies have increased the use of biomass, 

switched to gas-fired boilers, and increasingly utilized 

hydroelectric power (Pulp & Paper Canada 2022). The 

increased use of cogeneration (combined heat and 

power) has also helped optimize energy use, though 

it has contributed to higher direct emissions at mill 

sites (440 Megatonnes 2024). 

Despite these measures, the decline in emissions is 

largely a byproduct of reduced production levels, 

rather than a transformation in process efficiency or 

technology deployment. As of 2023, paper 

manufacturing remained the largest industrial energy 

consumer in Canada, underscoring the sector’s 

continued reliance on high levels of thermal and 

electrical energy for processes such as pulping, 

drying, and chemical recovery (Statistics Canada 

2025b).  
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Figure 12: Canada’s pulp and paper sector – GHG emissions and economic output, 2000-2024. Own depiction. 

Source: ECCC 2024, 2025; Statistics Canada 2025b. GHG emissions in million tonnes (Mt) CO2eq. Economic output based 

on gross domestic product at basic prices by industry, seasonally adjusted in chained (2017) CAD. 
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4.1 Technologies and Solutions 

4.1.1 Electrification 

Electrification refers to the replacement of fossil fuel-

based production plants, technologies, or processes 

with those that directly use electricity. When the 

electricity is generated from renewable or climate 

neutral sources, industrial emissions can be 

significantly reduced (IEA 2023c). Additionally, 

electrified processes typically have a higher efficiency 

factor than those based on fossil fuel combustion, 

resulting in an overall reduction of energy demand 

(Jo rg et al. 2024). 

In heat generation, electrification technologies such 

as electric boilers and high-temperature heat pumps 

have the potential to replace most fossil fuel-based 

systems for low- to high-temperature heat (Agora 

Energiewende 2020, McKinsey 2024). While 

technical and economic feasibility for high-

temperature applications have long been a concern, 

recent technological advances demonstrate that 

electrified systems can also meet these needs 

(McKinsey 2024). Electrification technologies for 

low- and medium-temperature heat are already 

commercially available, while solutions for high-

temperature processes range in maturity. Power-to-

heat plants offer the additional advantages by 

utilising excess heat and achieving greater efficiency 

through more precise heat generation compared to 

conventional combustion processes (Agora 

Energiewende 2020). 

In energy-intensive industries, several examples of 

electrification technologies exist. In the chemical 

sector, electric steam crackers can replace 

conventional cracking in refineries and basic 

chemicals production. In cement production, 

electrified calciners can substitute fossil-fuel driven 

technology for clinker production. In steel 

manufacturing, electric arc furnaces can melt directly 

reduced iron into steel, replacing basic oxygen 

converters. In the pulp and paper industry, high-

temperature heat generation can shift from combined 

heat and power plants to electric boilers and heat 

pumps (Agora Energiewende 2020). 

Despite its benefits, widespread electrification of 

industrial plants and processes faces several 

challenges. First of all, there is the need to redesign or 

completely change entire production processes, 

which may require capital-intensive investments in 

new equipment and machinery. A significant barrier 

is also today’s cost advantage of fossil fuels such as 

natural gas compared to electricity in many regions, 

leading to higher operating costs for electrified 

processes (Energy Innovation 2025).  

In Germany, electricity prices for large industrial 

consumers averaged EUR 14.4 ct/kWh (CAD 23 

ct/kWh) in 2025, compared to EUR 4.5 ct/kWh (CAD 

7,3 ct/kWh) for natural gas (BDEW 2026; Destatis 

2025f). In Canada, the gap is even larger, with 

electricity prices for industry ranging from CAD 5.69 

to 14.60 ct/kWh (EUR 3.5 to 9.0 ct/kWh) in 2024, 

depending on the province, while the natural gas price 

for industrial consumers was approximately EUR 0.86 

ct/kWh (equivalent to CAD 1.31 ct/kWh or 13.9 ct/m³ 

in 2021, the latest available data) (NRCan 2025b; 

Statistics Canada 2023).  

Securing sufficient low-cost electricity for 

electrification will require significant expansion of 

renewable or climate-neutral generation capacity, as 

well as the necessary grid infrastructure to connect 

industrial sites. In Germany, this poses a challenge 

given that the majority of wind electricity is generated 

in the country’s north while the large industrial 

consumers are located in the south (BMWE 2025a). 

Furthermore, in countries with high shares of wind 

and solar in the electricity mix, such as Germany, 

fluctuations in electricity supply present an 

additional challenge. In the future, industries will 

have to adapt to this variable supply by increasing the 

flexibilization of their production processes and plant 

operations, which are today generally characterised 

by high-capacity utilisation (Fraunhofer ISI 2024). 

4.1.2 Renewable and Low-Carbon 

Hydrogen and Hydrogen 

Derivatives 

Renewable and low-carbon hydrogen and hydrogen 

derivatives will play a key role in decarbonising 

energy-intensive industries and may be preferred to 

4 Transformation Pathways 
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direct electricity in certain applications due to their 

unique properties.  

Generating process heat with hydrogen rather than 

electricity can offer advantages and thus be necessary 

for certain applications, particularly for processes 

that require hydrogen-based reactions (Agora 

Energiewende 2020). In direct reduced iron (DRI) 

production, for example, hydrogen would not only be 

used to generate high-temperature heat but also as a 

reducing agent to remove oxygen from iron ore. Due 

to its high energy density and storage capability, 

hydrogen could also be used for heat generation in 

combined heat and power (CHP) plants during 

periods of insufficient renewable electricity supply 

(Fraunhofer IEE 2020). 

Renewable and low-carbon hydrogen and hydrogen 

derivatives will also be an important feedstock to 

decarbonise key processes in basic chemicals 

production. This applies to the production of 

nitrogen-based fertilizers, for which ammonia 

derived from renewable or low-carbon hydrogen will 

be needed. Also, for the manufacture of high-value 

chemicals (HVCs), conventional emission-intensive 

steam cracking could be replaced by methanol-based 

processes (Agora Energiewende 2020). 

Today, industry in both Canada and Germany already 

consumes large amounts of hydrogen, almost entirely 

produced from natural gas through steam methane 

reforming (SMR) (BMWE 2023; NRCan 2020). Global 

production of this so-called grey hydrogen emits 830 

million tonnes of CO2 per year, equivalent to the 

combined emissions of the UK and Indonesia (IEA 

2019a).  

Decarbonisation of hydrogen production will require 

a shift to low-carbon and renewable hydrogen (IEA 

2019b). Renewable, or green hydrogen, is produced 

by splitting water using renewable electricity via 

electrolysis. Low-carbon hydrogen, on the other hand, 

can be produced using several pathways, the most 

widely discussed being blue hydrogen. Blue hydrogen 

is produced by reforming natural gas, as in SMR, but 

with the added step of capturing and storing the 

associated CO2 emissions (IRENA 2020).  

While green hydrogen’s production process is 

virtually emission-free, the climate impact of blue 

hydrogen can vary, potentially being higher or lower 

than that of fossil fuels (Parkes 2024). It largely 

depends on methane lifecycle emissions, the CO2 

capture rate, and the energy-related emissions for the 

CCS process. Blue hydrogen can only reach the low 

emission intensity of green hydrogen if methane 

leakages along the natural gas supply chain are kept 

below 1% and carbon capture rates reach 93% or 

more (Bauer et al. 2021).  

Both Canada and Germany have published federal 

hydrogen strategies in 2020 and updates or progress 

reports in 2024 and 2023 respectively (BMWE 2023; 

BMWK 2020; NRCan 2020; NRCan 2024a). Canada is 

planning to both domestically use and export large 

amounts of so-called clean hydrogen, which includes 

both green and blue (NRCan 2020). Germany is 

focusing on green hydrogen in the long-term but sees 

blue hydrogen as an important transitional option, 

given that it is expected to be cheaper than green in 

the short term and that overall hydrogen supply will 

likely fall short of Germany’s demand in the next 

decade (BMWK 2023). 

To supply end-users of hydrogen and hydrogen 

derivatives, extensive infrastructure will be required 

to connect production and import points with 

industrial sites. Germany has decided to build a core 

hydrogen grid (“H2-Kernnetz”) by 2032, consisting of 

9,000 km of new and repurposed pipelines to link 

supply sources and major demand centres. To secure 

its future hydrogen supply, Germany is actively 

developing hydrogen partnerships with its European 

neighbours as well as third countries. Canada is an 

important partner country, having established a 

hydrogen partnership with Germany in 2022. In 2024, 

Canada and Germany agreed to establish a joint 

funding window for hydrogen trade projects through 

the H2 Global mechanism (BMWE 2024a). 

While many countries have published hydrogen 

strategies and announced ambitious targets in the 

past years, the global market ramp-up has so far been 

slower than expected. According to the IEA’s Global 

Hydrogen Review 2026 only “300ktpa of additional 

production has reached FID” since the 2025 report 

and projects with high likelihood of operation by 

2030 have reduced from 10 Mt to 6 Mt because FIDs 

are delayed (IEA 2026). The ramp-up has been stalled 

by the high upfront investment costs on the supply 

side, but also by the shortage of offtakers willing to 

sign bankable offtake agreements, as well as the 

regulatory uncertainty, and the insufficient 

infrastructure for hydrogen transport and storage. 

4.1.3 Carbon Capture, Utilization, and 

Storage (CCS/CCU) 

Carbon capture, storage and utilisation (CCS/CCU) 

involves capturing CO2 from fossil fuel combustion or 

industrial processes, followed by either underground 

storage (onshore or offshore) or utilisation in other 
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processes, such as synthetic fuel production (IEA 

2024).  

From a technological perspective, CCS/CCU can be 

applied across various industrial sectors and plants. 

However, it is most viable for large point sources with 

high CO2 concentrations, such as primary steel 

production or steam methane reforming. In processes 

with lower CO2 concentrations in exhaust fumes, 

including steam cracking or combined heat and 

power generation, CCS/CCU could also be an option, 

although capture efficiency decreases and separation 

costs increase (Agora Energiewende 2020). 

For all these industrial processes, however, whether it 

is steel production, power and heat generation, 

hydrogen production, or steam cracking, alternative 

decarbonisation pathways based on direct 

electrification or renewable hydrogen exist. There 

are, however, certain industries that produce process-

related CO2 emissions that are largely unavoidable, 

making CCS/CCU essential. These include cement and 

lime production, where more than two-thirds of 

emissions result from the chemical decomposition of 

limestone into lime and CO2 (Wernicke 2024). 

Similarly, waste incineration may require CCS/CCU to 

capture CO2 released from burning non-recyclable 

waste (UBA 2023). 

CCS/CCU remains an emerging technology, and 

opinions differ on its breadth of application – whether 

it should be limited to specific sectors or broadly 

implemented across industries. One advantage of 

CCS/CCU is its relatively low CO2 abatement costs, as 

it allows industrial facilities to maintain their core 

production processes (Agora Energiewende 2020). 

Additionally, captured CO2 could be used in chemical 

or synthetic fuel production, where CO2 serves as a 

key input. 

However, there remain significant risks and 

challenges regarding CCS/CCU, which suggest limiting 

its use to hard- or impossible-to-abate sectors 

without viable alternatives. Most importantly, the 

climate impact of CCS/CCU remains a topic of debate. 

Available technologies capture about 50% to 90% of 

CO2 emissions, and achieving a 100% capture rate is 

currently unrealistic, meaning that residual emissions 

will persist (IEA 2024). Moreover, when CCS/CCU is 

used for fossil fuel combustion, upstream and 

midstream GHG emissions, such as methane leaks 

during natural gas production and transport, remain 

unaffected. The energy required for capturing, 

transporting, and storing CO2 could also result in 

additional emissions if fossil fuels are used. 

Consequently, a comprehensive lifecycle assessment 

is necessary to accurately evaluate the total GHG 

emissions associated with a given project or product 

utilising CCS/CCU (Agora Energiewende 2020). 

Additional risks associated with CCS/CCU include 

potential lock-in effects that prolong reliance on fossil 

fuel-based technologies and infrastructure, hindering 

innovation in key technologies based on 

electrification or hydrogen (CIEL 2021; IEEFA 2022). 

Furthermore, underground storage requires suitable 

geological sites, which for Germany would be 

primarily offshore in the North Sea or in neighbouring 

European countries. This would necessitate the 

development of an extensive CO2 pipeline 

infrastructure to transport captured CO2 from 

industrial sites to Germany’s coast (BMWE 2024b). 

Further, the risk of CO2 leakage during transport and 

sequestration must also be taken into account 

(Gholami et al. 2021).  

Canada is a global leader in CCS/CCU and has been 

active in the field for over fifteen years, with 

demonstration and large-scale projects (Eckardt et al. 

2023). In the provinces of Alberta and Saskatchewan, 

there are four large operational CCS projects that 

capture CO2 from refineries, steam methane 

reforming, and coal plants. While most captured CO2 

is used for enhanced oil recovery, the Quest project in 

Alberta permanently stores CO2 underground. 

Canadian CCS/CCU projects benefit from Federal 

Investment Tax Credits, with CAD 8.6 billion allocated 

until 2030 (Canadian Climate Institute 2023). 

Germany currently has no operational CCS/CCU 

projects, and underground CO2 storage is prohibited 

in several federal states. However, perspectives on 

CCS/CCU in Germany have been shifting, with the 

Federal Government now recognizing it as an 

important climate mitigation tool (Blanchard et al. 

2024). In May 2024, the Federal Government released 

its Carbon Management Strategy in order to allow the 

utilisation of CCS/CCU as well as transportation and 

storage offshore (BMWE 2024c). In the fall of 2025, 

the German Parliament passed a CCS/CCU law to 

legalise underground CO2 storage and streamline 

regulations on sequestration and transport. 

4.1.4 Energy Efficiency 

Improving energy efficiency of industrial production 

– that is, reducing the energy required for each unit of 

production – is another important strategy for 

lowering emissions. However, in energy-intensive 

industries such as steel and cement, incremental 

efficiency improvements alone will not be sufficient to 

reach climate neutrality. That is why the other 
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solution pathways mentioned – including 

electrification, renewable and low-carbon hydrogen, 

CCS/CCU, biomass, and circular economy – will be key 

so that these hard-to-abate sectors can meet their 

climate targets (Agora Energiewende 2020). 

Industry-wide, the adoption of energy efficiency 

technologies would have an immense potential. In 

Germany, industry-wide adoption of readily available 

energy efficiency technologies could reduce final 

energy demand by 44% or energy costs by EUR 25 

billion (CAD 40.5 billion), without compromising 

production. Process heating, motion energy (pumps, 

engines and machinery), and space heating have the 

largest efficiency potentials (Meyer et al. 2023).  

In energy-intensive industry, however, key production 

processes remain largely unchanged for decades or 

even much longer. Physical and technical boundaries 

limit further efficiency gains in these conventional 

processes (Agora Energiewende 2020). Significant 

emission reductions will thus require innovative 

technologies, such as replacing blast furnaces with 

direct reduced iron (DRI) plants. Moreover, one-third 

of industrial emissions are process-related, meaning 

they are a by-product of chemical reactions. This 

results in energy efficiency improvements being 

insufficient for full decarbonization.  

Therefore, while energy efficiency measures can still 

deliver immediate energy savings and emission 

reductions in the energy-intensive industry in the 

short term, they should only be made if they do not 

lead to a long-term lock-in of emission-intensive 

processes and infrastructures (Agora Energiewende 

2020). 

4.1.5 Circular Economy and Resource 

Efficiency 

Circular approaches hold substantial potential to 

reduce emissions in industrial production. The 

primary production of materials is far more energy- 

and emission-intensive than recycling or reusing 

existing ones. Accordingly, circular economy 

strategies are particularly relevant in energy- and 

resource-intensive sectors such as steel, non-ferrous 

metals, cement, plastics, and chemicals (dena 2025a; 

Agora Energiewende 2019). According to one 

estimate, by 2050 recycling could reduce EU demand 

for primary materials by 75% for steel, 50% for 

aluminium, and 56% for plastics (Agora 

Energiewende 2019). Germany’s steel industry 

already recycles around 90% of its steel scrap, 

whereas recycling rates in sectors such as cement and 

plastics remain significantly lower (dena 2025a). 

Despite this potential, the transition towards a 

circular economy faces a number of obstacles. 

Recycling is often economically unattractive, as 

primary production from fossil sources is cheaper 

and less risky. Substitutes for primary materials are 

not always readily available and developing them 

often requires changes in product design, including 

greater transparency about material composition and 

easier disassembly at end-of-life. Technical barriers 

also exist, for example contamination of materials 

(e.g. copper in steel or impurities in plastics). 

Furthermore, current regulation still favours linear 

value chains and disposal rather than recycling, while 

the infrastructure and logistics required for circular 

value chains are underdeveloped. This means that 

first movers face disproportionately high investment 

costs (Agora Energiewende 2019, dena 2025a). 

A related strategy is to increase resource efficiency to 

achieve the same function in a material or product 

with less material demand. Along the entire industrial 

production chain, material losses are significant: it is 

estimated that around one tenth of all paper, one 

quarter of all steel, and as much as two fifths of all 

aluminium are lost between basic material 

production and the finished product (Agora 

Energiewende 2019). Resource efficiency can also be 

improved by reducing material intensity in product 

design – something technically feasible in many 

sectors but often lacking economic incentives – and by 

intensifying product use. These measures not only 

lower material demand but also reduce the energy 

inputs and emissions associated with industrial 

production (ibid.). 

4.1.6 Biomass 

Biomass can substitute fossil fuels in generating 

process heat for industrial production, particularly in 

energy-intensive sectors such as cement and lime. 

When combined with carbon capture at the point of 

combustion (e.g. in cement kilns), it can even enable 

negative emissions (Bioenergy with Carbon Capture 

and Storage, or BECCS). Captured CO₂ can either be 

permanently stored or utilised, for instance in the 

production of synthetic fuels. Biomass further offers 

potential as a renewable carbon feedstock replacing 

fossil-based inputs, e.g. in the basic chemicals or steel 

industries. According to recent studies, by 2050 up to 

20% of the global carbon demand in the chemical and 

materials sector could be met sustainably through 

biomass (Carus et al. 2025). 

At the same time, the potential of biomass is 

constrained by resource availability. In Germany and 

Europe, sustainably available biomass is limited due 
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to land-use competition with food production, 

biodiversity protection, and other ecosystem services. 

Cultivation can also carry environmental trade-offs, 

including impacts on water, soil quality, and 

biodiversity. Moreover, the climate benefit of biomass 

depends heavily on its lifecycle emissions, which can 

be significantly undermined by the use of fossil-based 

fertilisers and pesticides or by long-distance 

transport of the biomass (Agora Energiewende 2019). 

Given these constraints, the overall use of biomass 

requires careful prioritisation. Studies suggest that 

allocating biomass to industrial applications – 

particularly as a renewable feedstock and in 

combination with BECCS – yields significantly higher 

system efficiency than traditional uses such as power 

generation, biofuels, or space heating, where other 

decarbonisation options exist (dena 2025b). 

4.2 Sectoral Pathways 

4.2.1 Chemicals and Refining 

In the chemicals and refining industry, energy 

efficiency remains a central pillar of decarbonisation. 

Continuous optimisation of existing processes, 

alongside a shift towards lower-carbon fuels – e.g., 

from coal- to natural-gas – has already delivered 

measurable emission reductions. In Germany, the 

chemical industry significantly reduced its GHG 

emissions between 1990 and 2022 despite rising 

production volumes (KEI 2025b). However, to achieve 

substantial progress beyond incremental efficiency 

gains, the sector must fundamentally transform its 

production pathways and increase reliance on 

renewable energy and feedstocks. 

Electrifying process heat through power-to-heat 

technologies could, in principle, eliminate 

combustion-related emissions. Yet such a transition 

also requires a major expansion of renewable 

electricity supply to ensure emissions are not merely 

shifted to the power sector (Agora Energiewende 

2020). According to the IEA (2023d), approximately 

30 percent of the process heat required in the sector 

is below 200 °C – making direct electrification via 

high-temperature heat pumps a highly effective 

solution for this segment. For higher-temperature 

processes, options include replacing existing gas-fired 

combined heat and power (CHP) units with 

power-to-heat systems such as electric boilers or 

resistance heating, or retrofitting CHP units with 

CCS/CCU technologies, which can technically achieve 

90 percent capture efficiency. 

In ammonia and methanol production, key 

decarbonisation pathways focus on replacing 

fossil-based hydrogen with low-carbon or electrolytic 

(“green”) hydrogen. Currently, ammonia synthesis 

relies on hydrogen produced via steam methane 

reforming (SMR) of natural gas. Substituting this with 

green hydrogen could virtually eliminate process 

emissions. Transitional alternatives include blue 

hydrogen (SMR with CCS) and turquoise hydrogen 

(derived from methane pyrolysis) (Agora 

Energiewende 2020). 

Petrochemicals present a more complex challenge, as 

carbon itself remains an essential building block of 

chemical products (Agora Energiewende 2020). 

Achieving net-zero therefore depends on replacing 

fossil feedstocks with sustainable carbon sources 

such as biogenic feedstocks or CO₂ captured from the 

atmosphere. Closing carbon loops through advanced 

recycling technologies is equally vital to building a 

circular carbon economy. Electrifying steam crackers 

with renewable power can further reduce emissions 

by eliminating the need to burn part of the feedstock 

to generate process heat. 

In the plastics value chain, emissions originate not 

only from production but also from end-of-life 

incineration. Methanol-to-olefin (MTO) and 

methanol-to-aromatic (MTA) routes–based on green 

methanol synthesised from renewable hydrogen and 

non-fossil CO₂–offer a viable pathway to replace 

conventional naphtha-based feedstocks (Agora 

Energiewende 2020).  

In Germany, the chemical industry continues to 

advance decarbonisation projects, though current 

efforts focus primarily on demonstration-scale 

projects. At Ludwigshafen, BASF commissioned its 

54-megawatt proton exchange membrane 

electrolyser (the country's largest) in March 2025, 

reaching full operation by August 2025, and in May 

2025 became the first producer of renewable 

ammonia in Central Europe (BASF 2025). Together 

with SABIC and Linde, BASF also opened the world's 

first electrically heated steam cracker demonstration 

plant in 2024, with the potential to reduce cracker 

emissions by more than 90 percent (BASF 2024). 

Complementing these efforts, TotalEnergies and RWE 

signed a long-term green hydrogen supply contract in 

March 2025 (2030–2044), in which RWE's 

300-megawatt electrolyser in Lingen will deliver 

around 30,000 tonnes of hydrogen per year to 

decarbonise TotalEnergies' Leuna refinery (RWE 

2025). Construction of the Lingen plant is already 

underway: commissioning of the first 100 MW phase 

began in December 2025, with commercial operation 



adelphi study | Transforming Energy-Intensive Industries in Germany and Canada 33 

expected in 2026 and the full 300 MW targeted for 

2027 (S&P Global 2025). In parallel, the 

Carbon2Chem consortium led by thyssenkrupp is 

demonstrating how CO₂-rich blast furnace gases from 

steel production can be converted into methanol and 

ammonia (thyssenkrupp 2025). 

Canada's chemical sector benefits from abundant 

natural gas resources, established CCS/CCU 

infrastructure, and supportive federal and provincial 

incentives, positioning it for large-scale low-carbon 

hydrogen and integrated petrochemical projects. 

Dow's Path2Zero project at Fort Saskatchewan aims 

to create the world's first net-zero Scope 1 and 2 

emissions integrated ethylene cracker and derivatives 

facility, using autothermal reforming with carbon 

capture to produce hydrogen as fuel for the site's 

furnaces (Dow 2024). Construction was paused in 

April 2025 due to weak market conditions and US 

tariff uncertainty, but restarted in January 2026 

following a nine-month break, pushing back the start 

of Phase 1 by two years to the end of 2029 (ICIS 2026). 

Air Products is constructing a net-zero hydrogen 

energy complex in Edmonton that will capture CO₂ 

and supply low-carbon hydrogen to industrial 

customers including Imperial Oil's Strathcona 

refinery (Air Products 2025). Shell has taken final 

investment decision on the Polaris carbon capture 

project at its Scotford refinery and chemicals 

complex, designed to capture approximately 650,000 

tonnes of CO₂ annually, with construction actively 

underway and operations expected by end of 2028 

(Shell 2024). 

4.2.2 Steel and Metals 

The steel industry can achieve moderate emission 

reductions through efficiency measures such as 

process optimization, advanced monitoring systems, 

equipment upgrades, and waste-heat recovery. The 

International Energy Agency estimates that 

widespread adoption of modern technologies in blast 

furnace–basic oxygen furnace (BF-BOF) plants could 

reduce global energy demand in steelmaking by 

around 20% (IEA 2021).  

However, the potential for emission savings in 

conventional production processes is limited. 

Secondary scrap-based steel production via electric 

arc furnaces (EAF) is less emission-intensive, but its 

potential is constrained by limited scrap availability 

and market demand for high-quality primary steel 

(Bellona 2018). A more promising pathway lies in 

replacing the BF-BOF route with hydrogen-based 

direct reduced iron (DRI) feeding into EAFs (DRI-EAF 

route). This approach can cut emissions by up to 86%, 

as hydrogen substitutes carbon as the reducing agent 

(Fan and Friedmann 2021). Other than hydrogen, 

biomass could also serve as an alternative for coal-

based DRI in regions with abundant supply, while 

research is also underway on electrification through 

molten oxide electrolysis, which directly uses 

electricity to separate iron from ore (Soltoff 2022). 

Carbon capture and storage (CCS) offers another 

pathway, enabling partial emission reductions of 15–

57% when retrofitted to BF-BOF or DRI plants, but it 

cannot achieve full decarbonisation. Ultimately, no 

single option will be sufficient, and a combination of 

all these solutions will likely be required to reach net-

zero steel production (Fan and Friedmann 2021).  

In Germany, major producers such as Salzgitter are 

driving projects to replace blast furnaces with 

hydrogen-based DRI and EAF systems. Phase 1 of 

Salzgitter's SALCOS programme – comprising a DRI 

plant, an EAF, and a 100 MW electrolyser 

(cornerstone laid February 2025) – is under 

construction and on track, with DRI plant startup 

expected by mid-2026 and green hydrogen 

production from the electrolyser beginning the same 

year (Salzgitter n.d.). However, due to regulatory 

uncertainty and weak market conditions, Salzgitter 

announced in September 2025 that investment 

decisions on Phases 2 and 3 have been postponed to 

2028–2029, approximately three years later than 

originally planned (Reuters 2025).  

Canada, with its abundant iron ore and conventional 

and renewable energy resources, could become a 

highly competitive producer of decarbonised steel 

(Algers and Bataille 2025). Algoma Steel has made 

significant advances: EAF Unit 1 was successfully 

commissioned in July 2025, producing the company's 

first low-carbon steel, and Blast Furnace No. 7 and 

cokemaking operations were shut down and 

decommissioned from January 2026. A second EAF 

unit is on track for completion in the second half of 

2026, which will complete the full transition and is 

expected to reduce Algoma's carbon intensity by up to 

70% (Algoma 2026). ArcelorMittal Dofasco's 

transition project in Hamilton has faced significant 

revisions: the originally planned on-site DRI facility 

will not be built, with reduced iron to be sourced 

instead from ArcelorMittal's existing plant in 

Contrecoeur, Que bec, and the federal funding 

agreement has been extended from 2028 to 2050. 

Some physical progress is underway, with the final 

coke push completed in April 2026, but no firm 

timeline for EAF construction has been confirmed 

(CBC 2026). 
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Emission reductions in the non-ferrous metals sector 

have in the past been achieved through efficiency 

improvements and recycling. In Germany, secondary 

materials already account for 58% of inputs in 

aluminium production and 44% in copper 

production. Recycling is especially impactful in 

aluminium, as secondary aluminium requires only 

about 5% of the energy needed for primary 

production (KEI 2025d).  

At the same time, technology innovation is 

progressing. TRIMET Aluminium SE, for example, is 

developing an innovative inert-anode process at its 

Essen facility. Following successful pilot operation, 

the project was expanded in January 2025 into a 

demonstration plant at the Essen smelter (Trimet 

2025). Traditional aluminium smelting releases 

substantial CO₂ during the combustion of carbon 

anodes, but by replacing these with inert materials, 

the process emits oxygen instead of CO₂, significantly 

reducing emissions.  

In Canada, the ELYSIS joint venture between Rio Tinto 

and Alcoa, backed by the governments of Canada and 

Que bec as well as Apple, is developing inert-anode 

electrolysis at industrial scale. The technology 

eliminates all direct greenhouse gas emissions from 

aluminum smelting by replacing carbon anodes with 

inert materials (Rio Tinto 2025). In November 2025, 

ELYSIS achieved a milestone with the successful start-

up of a 450 kA commercial-size inert anode cell at Rio 

Tinto's Alma smelter in Que bec, which represents the 

first deployment of this technology at commercial 

scale. Rio Tinto has also been granted the first ELYSIS 

smelter technology license for a 100 kA 

demonstration plant to be built at its Arvida site 

(ibid.). 

4.2.3 Cement and Lime 

In the cement industry, further efficiency gains can be 

achieved through advanced kiln designs, optimised 

maintenance, and improved grinding processes, while 

waste heat recovery systems can help reduce overall 

energy demand. Substituting part of the clinker with 

materials such as fly ash or blast furnace slag also 

lowers the energy intensity of production by reducing 

the clinker-to-cement ratio (IEA 2021). 

However, because of the high share of process 

emissions in the production of both cement and lime, 

substantial decarbonisation will require more 

transformative production pathways based on 

CCS/CCU and alternative raw materials (IEA 2023e). 

Production processes using oxyfuel carbon capture 

technology conduct combustion using a mixture of 

oxygen and recycled CO₂ instead of air, producing 

exhaust with a high CO₂ concentration and enabling 

capture rates of around 90 percent of both process- 

and fuel-related emissions (Agora Energiewende 

2020). Another approach, the LEILAC (Low Emissions 

Intensity Lime and Cement) process, uses indirect 

heating in a closed steel reactor to generate a pure CO₂ 

stream, thereby reducing the energy required for 

separation. The technology can also be powered by 

renewable electricity, potentially cutting kiln 

emissions by up to 80 percent (Agora Energiewende 

2020). Beyond CCS, alternative binders offer a 

non-CCS route by replacing conventional clinker with 

materials that contain less limestone or require lower 

processing temperatures. Such binders can reduce 

emissions by up to 50 percent, although their 

deployment is expected to remain limited to niche 

applications due to differing performance 

characteristics (Agora Energiewende 2020). 

The lime industry faces a similarly high proportion of 

process emissions: roughly two-thirds of its CO₂ 

output results from the chemical decomposition of 

limestone during calcination. Even with complete 

electrification or full substitution by renewable fuels, 

additional CO₂ capture will be required to achieve 

climate-neutral production (KEI 2025). Accordingly, 

strategies in this sector also centre on CCS/CCU 

technologies. Research is further exploring the 

carbonation potential of lime products – their 

chemical ability to reabsorb CO₂ – which has been 

observed across eight industrial applications, 

including steelmaking and flue-gas scrubbing. This 

provides an additional means to partially offset 

emissions by binding CO₂ back into lime-based 

products (KEI 2025f). 

In Germany, cement and lime producers plan to 

implement several major CCS/CCU projects. 

Heidelberg Materials is advancing the GeZero project 

in Geseke, which will capture around 700,000 tonnes 

of CO₂ per year. Following completion of the FEED 

study in 2025, construction is scheduled to begin in 

2026, with operations planned for 2029 (HM 2025). 

At Ru dersdorf, Cemex and Linde have formalised their 

full-chain CCS/CCU project – now named CO₂LLECT – 

with the EU Innovation Fund grant agreement signed 

in March 2025 (€157 million). The project is designed 

to capture 1.3 million tonnes annually; a final 

investment decision is expected in 2027, with full CCS 

operations targeted for 2030 (COLLECT 2025). 

Holcim's Carbon2Business project in La gerdorf will 

apply oxyfuel technology, with operations expected to 

commence by the end of the decade (Holcim 2025). In 

the lime sector, Lhoist's EVEREST project at Europe's 

largest lime facility in Wu lfrath aims to abate more 
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than one million tonnes of CO₂ each year (Lhoist 

2025). 

In Canada, several cement producers are also scaling 

CCS/CCU technologies. In Edmonton, Heidelberg 

Materials is building what will become the world's 

first full-scale CCS installation at a cement plant. A 

government contribution agreement of up to CAD 226 

million was finalised in March 2025, and a pilot 

capture system has been installed and is being tested 

on-site. Full-scale operations are now anticipated by 

late 2026 (HM 2025). Carbon Upcycling Technologies 

and Ash Grove have launched Carbon 1 Mississauga, a 

commercial CCU facility that converts captured CO₂ 

into low-carbon supplementary cementitious 

materials (Government of Canada 2025a). Meanwhile, 

at Richmond, Lafarge Canada's Project CO₂MENT 

employs Svante's solid-sorbent capture system at 

demonstration scale (Svante 2023). 

4.2.4 Pulp and Paper 

Nearly all emissions from the pulp and paper sector 

are energy-related, with process-based CO₂ emissions 

playing a comparatively minor role. Drying processes 

are particularly significant, accounting for an 

estimated 60–70 per cent of energy-related emissions 

(KEI 2025g). 

As outlined in Chapter 3.4, both Germany and Canada 

have made progress on reducing pulp and paper 

emissions through incremental measures – Germany 

through high recycling rates, renewable energy 

integration, and combined heat and power, and 

Canada through energy efficiency measures, fuel 

switching, and cogeneration. However, the limits of 

these approaches are becoming apparent, 

underscoring the need for transformative 

technologies for deep decarbonisation. 

The IEA (2023b) identifies several key technologies 

for deep decarbonisation in the sector. Since drying 

accounts for most energy consumption, innovations 

that reduce water evaporation or enhance waste heat 

recovery offer substantial improvements. High-

temperature heat pumps are particularly promising: 

by capturing latent heat from drying and reusing it to 

generate steam, they could supply up to 65 percent of 

process heat while reducing energy demand by half. 

Emerging technologies such as superheated steam 

drying, non-thermal water removal using electric 

forces – which could reduce drying energy 

consumption by 30–90% – and waterless 

papermaking hold further potential, though most 

remain at pilot or early commercialisation stages. 

Expanding recycled pulp production can also reduce 

energy intensity but requires parallel switching to 

low-emission energy sources, since recycled 

production currently relies more heavily on fossil 

fuels than primary pulp production (IEA 2023b). 

In Germany, the industry has largely exhausted 

conventional efficiency measures – with recycling 

rates at approximately 80%, further gains are 

constrained by the need for virgin fibres in products 

requiring high strength or hygiene standards (KEI 

2025g). GHG emission reductions are therefore 

increasingly pursued through electrification, 

advanced drying technologies, and intelligent energy 

management. Innovations such as electrode boilers, 

high-temperature heat pumps, and hybrid systems 

could progressively replace fossil fuels (KEI 2025g). 

Several pioneering projects illustrate this trajectory. 

The Voith–Essity pilot plant in Heidenheim, funded 

with EUR 14.5 million from the BMWE, is developing 

a fully electrified paper line that could reduce 

freshwater consumption by up to 95% and energy use 

by 40% (Voith 2025). At its Mainz-Kostheim facility, 

Essity became the first company globally to produce 

tissue using 100 per cent renewable hydrogen, 

replacing natural gas in the drying hood of the paper 

machine (Essity 2023). Furthermore, the EnEWA 

research project is investigating the recovery of paper 

fibres from mixed waste streams – a pathway that 

could cut the sector's annual CO₂ emissions by an 

estimated 2.5% (EurA 2022). 

Beyond efficiency measures, the Canadian pulp and 

paper industry is exploring CCS/CCU technologies. At 

Kruger's Wayagamack Mill in Trois-Rivie res, 

construction of the “world's first demonstration-scale 

carbon capture system in a pulp and paper setting” is 

progressing, with several major components 

delivered to site; the demonstration unit, using 

molten borates technology, is expected to begin 

capturing approximately 5 tonnes of CO₂ per day in 

2026 for on-site utilisation (Kruger 2025). CO280 

Solutions has made significant advances on its larger 

project targeting biogenic CO₂ capture from pulp and 

paper mills. This includes a successful field pilot using 

liquid amine technology was completed in November 

2025, FEED contracts for the flagship project were 

awarded by March 2026, and the company has 

contracted over 4.3 million tonnes of CDR to date, 

including agreements with Microsoft and JPMorgan 

Chase (CO280 2025a; CO230 2025b; Carbon Herald 

2025). Commercial operations are expected to begin 

around 2029. 

In Canada, the pulp and paper industry faces 

persistent structural challenges. While emissions 
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have fallen over recent decades, much of this decline 

is linked to reduced output (440 Megatonnes 2024). 

Looking ahead, further reductions will require a 

combination of electrification, fuel switching, and 

greater energy efficiency. Industrial heat pumps could 

supply medium-temperature heat, while electrified 

dryers may gradually displace fossil-fuel-fired 

systems where viable. In processes less suited to 

electrification, fuels such as biomass or renewable 

natural gas provide lower-emission alternatives – 

though the industry already makes extensive use of 

biomass, and opportunities for expansion are limited 

(440 Megatonnes 2024). 
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5 Policy Frameworks 

5.1 Germany 

As a member of the EU, Germany's energy policy is a 

shared competence with the EU. Thus, regulations 

and funding aimed at decarbonising the German 

industry sector, including its energy-intensive sectors, 

are a blend of EU and national legislation. There are 

both cross-sector and targeted policy frameworks, 

with the latter being sector- and technology-specific. 

Below, the cross-sector policy frameworks at both EU 

and national levels are outlined, followed by targeted 

frameworks. This sequence is mirrored in the funding 

and financing instruments discussed later in this 

chapter. 

5.1.1 Cross-Sectoral Policy Frameworks 

EU ETS & CBAM 

The EU Emissions Trading System (EU ETS) is the 

primary instrument for reducing emissions across the 

EU, including in the industry sector. Launched in 2005 

as the first ETS globally, it remains one of the largest, 

encompassing the EU27, Iceland, Liechtenstein, and 

Norway. It has been linked to the Swiss ETS since 

2020 (European Commission n.d.a). The system 

covers the electricity, heating, aviation, and shipping 

sectors, operating on a cap-and-trade principle that 

sets emission limits aligned with the EU's overall 

emissions target. 

In July 2026, the European Commission proposed a 

reform of the EU ETS. The linear reduction factor – 

which determines the yearly decrease in allowances 

on the market – is currently set at 4.3 per cent. Under 

the proposal, this would be reduced to 3.7 per cent 

between 2031 and 2035, and to 1.7 per cent between 

2036 and 2040. The current ETS provides for no 

further allowances after 2039; the reform proposal 

would permit additional allowances after 2040. The 

aim is to increase flexibility and certainty for the 

affected industries (European Commission n.d.b; 

European Commission n.d.c; Tagesspiegel 

Background 2026). 

The European Commission also intends to provide 

targeted support to energy-intensive industries by 

extending the availability of free allowances beyond 

2030, on the condition that companies invest the full 

monetary equivalent in decarbonisation efforts 

within the EU. Flexibility would be increased further 

by permitting an EU body to purchase international 

allowances covering up to two per cent of the 

required 90 per cent reduction in emissions. 

Additionally, 250 Mt of negative emissions are to be 

integrated into the EU ETS to encourage the uptake of 

the necessary technologies. The reform proposal also 

envisages the establishment of an "Industrial 

Decarbonisation Bank" equipped with EUR 100 

million to help finance industrial decarbonisation 

projects (Tagesspiegel Background 2026). The 

legislative process for the reform is expected to 

conclude in 2027, with the new rules coming into 

effect by mid-2028. 

To maintain competitiveness for European producers, 

mitigate carbon leakage risks, and promote cleaner 

production in non-EU countries, the European 

Commission introduced the Carbon Border 

Adjustment Mechanism (CBAM) in 2023. Importers 

must account for their products' emissions by 

purchasing certificates for each tonne of CO2. The 

CBAM aligns certificate prices with the weekly 

average ETS auction price, ensuring that international 

producers pay a carbon price equivalent to that faced 

by EU producers. During its transitional phase (2023–

2025), importers in the cement, iron and steel, 

aluminium, fertilisers, electricity, and hydrogen 

sectors reported emissions without purchasing 

certificates. As of 1 January 2026, the CBAM has been 

in full effect (European Commission n.d.d). 

EU Clean Industrial Deal 

Published in February 2025, the EU's Clean Industrial 

Deal outlines a vision for reducing emissions while 

enhancing competitiveness in energy-intensive and 

clean-tech sectors as well as increasing circularity to 

reduce dependency on third-country resources. It 

focuses on six areas that the EU regards as the key 

drivers of business: affordable energy, lead markets 

for clean products, finance, circularity, global 

cooperation, and skills and jobs. The Affordable 

Energy Action Plan accompanies the deal and is 

intended to support energy-intensive sectors amid 

the ongoing crisis, with measures like counter-

guarantees from the European Investment Bank for 

renewable electricity PPAs (worth EUR 50 billion) 

and PPAs by grid component manufacturer (worth 
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EUR 1.5 billion). Simplified state aid rules and new 

cross-border capacity allocation rules are planned to 

boost clean energy use. Member states are 

encouraged to lower electricity taxes, while the 

Industrial Decarbonisation Accelerator Act, also 

accompanying the deal, addresses permitting 

bottlenecks. Additionally, the internal energy market 

is to be strengthened through the European Grid 

Package (published in December 2025) and the 

functioning of the gas market to be improved through 

increased oversight. 

Demand for cleaner products is essential for 

investment in cleaner production methods. Hence, 

sustainability, resilience, and made-in-Europe criteria 

were announced to be introduced for procurement, 

which has now been done through the Industrial 

Accelerator Act (see below). Meanwhile, the uptake of 

renewable and low-carbon hydrogen is to be 

encouraged further by the third auction round under 

the European Hydrogen Bank. In May 2026, nine 

projects with a production capacity of 1.4 Mt over 

their first ten years were announced to receive EUR 

1.09 billion (European Commission 2026a). 

Funding instruments will be reorganised to 

streamline access, with a Competitiveness Fund 

serving as a one-stop-shop and a Clean Industrial Deal 

State Aid Framework simplifying state aid approval as 

well as launching additional IPCEIs (for more details 

please refer to section 5.1.3.2.2.). 

Circularity will be supported through the EU Critical 

Raw Materials Centre, enabling joint procurement of 

critical resources, and a Circular Economy Act in 

2026. Global cooperation remains vital, with several 

Clean Trade and Investment Partnerships (CTIPs) 

envisioned and the first one launched with South 

Africa in November 2025, alongside strengthened 

trade-defence instruments and a simplification of the 

CBAM. Overall, the deal reflects a shift towards 

technology neutrality and increased flexibility for 

businesses. Sector-specific guidance is provided 

through the European Steel and Metals Action Plan 

and the Chemicals Industry Package (European 

Commission 2025a; 2025b; Tagesspiegel Background 

2025). 

EU Industrial Accelerator Act (IAA) 

The European Commission announced the Industrial 

Action Act (IAA) in March 2026. It is currently under 

review by the European Parliament and the Council. If 

adopted, the IAA aims to strengthen EU 

competitiveness and industrial resilience in the face 

of growing global pressures. By 2035, industrial 

manufacturing is to contribute 20 per cent to EU GDP, 

up from 14.3 per cent in 2024. The sectors covered 

include energy-intensive industries, net-zero 

technologies, and the automotive industry (European 

Commission 2026b; European Parliament 2026). Key 

measures include: 

• The introduction of "Made in EU" and low-

carbon preferences in public procurement 

and public support schemes 

• The establishment of Industrial Acceleration 

Areas 

• The streamlining of permitting processes for 

industrial manufacturing projects 

• The screening of foreign direct investments 

for benefits to the EU market 

EU Industrial and Livestock Rearing Emissions 

Directive 

This directive is targeted at a wide range of industrial 

sectors, including those covered in this study, to 

reduce local pollutants. It is therefore not aimed at 

GHG emissions per se, but its implementation often 

results in the lowering of GHG emissions as well. 

Companies must implement Best Available 

Techniques (BATs), which for instance entail 

measures to increase energy efficiency. Covering 

37,000 industrial installations in the EU, its 

contribution to the saving of GHG emissions can be 

expected to be significant (European Commission 

n.d.e.).  

Federal Climate Action Act 

At the national level, sectoral emission reduction 

targets are set by the Federal Climate Action Act, with 

overall targets for Germany (-63% by 2030, -88% by 

2040, net zero by 2045) and targets for the energy, 

industry, buildings, transport, agriculture, LULUCF, 

and waste sectors. The targets are expressed in 

tonnes CO2eq that each sector is allowed to emit per 

year. For the industry sector, the target is 122 million 

tonnes CO2eq by 2030. However, the sectoral targets 

are not binding, allowing compensation between 

sectors. The Federal Environment Agency annually 

assesses target achievement (Umweltbundesamt 

2025). 
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5.1.2 Targeted Policy Frameworks 

5.1.2.1 Energy Efficiency 

EU Energy Efficiency Directive and Germany’s 

Energy Efficiency Act 

The Energy Efficiency Directive is central to the EU's 

energy efficiency framework, establishing the 

efficiency-first principle. This means that energy 

efficiency must be considered by member states in all 

decisions relating to energy policy. The directive's 

2023 revision sets an ambitious target for the EU to 

achieve at least an 11.7 per cent reduction in both 

primary and final energy consumption by 2030, based 

on projected usage for that year in the 2020 scenario. 

Specifically, this translates to a target of 992.5 million 

tonnes of oil equivalent (Mtoe) for primary energy 

consumption and 763 Mtoe for final energy 

consumption by 2030 (European Commission n.d.f). 

The directive also introduces binding cumulative end-

use energy savings for member states, which must be 

realised through energy efficiency measures. For the 

period 2026–2027, member states are required to 

achieve savings of at least 1.5 per cent, rising to 1.9 

per cent in 2028–2030. Furthermore, companies in 

the industrial sector with energy consumption 

exceeding 10 TJ are required to conduct regular 

energy audits, while those consuming over 85 TJ must 

establish energy management systems (European 

Commission 2024; European Commission n.d.g). 

Unlike regulations, EU directives do not apply directly 

to member states; instead, they must be transposed 

into national law within a specified timeframe. In 

Germany, the Energy Efficiency Directive is enacted 

through the Energy Efficiency Act. A revised version 

of the Act was approved by the Federal Cabinet in 

2026; the Bundestag and Bundesrat are expected to 

pass their decisions by autumn, so further changes 

remain possible. Under the original legislation, 

Germany's final energy consumption must be reduced 

by at least 26.5 per cent by 2030 compared to 2008 

levels, equating to 1,867 TWh, and primary energy 

consumption must decrease by 39.3 per cent, 

amounting to 2,252 TWh. Consistent with the 

directive, companies with an average annual energy 

consumption exceeding 2.5 GWh over the preceding 

three years are required to conduct energy audits. 

Additionally, those with an average consumption of 

7.5 GWh must implement an Environmental 

Management and Audit Scheme (EMAS) (The Federal 

Government 2023; DLA Piper 2023; Federal Ministry 

of Justice and Consumer Protection 2023; Linklaters 

2023). 

The proposed revision raises the latter threshold 

from 7.5 GWh to 23.6 GWh. According to DENEFF, this 

would reduce the administrative burden on 

companies but risks foregoing opportunities for 

economic efficiency gains (DENEFF 2026). 

National Energy Efficiency Strategy 2050 

In 2019, the German government introduced the 

Energy Efficiency Strategy 2050, which includes the 

National Action Plan for Energy Efficiency 2.0 (NAPE) 

and the Roadmap for Energy Efficiency 2050. NAPE 

specifies the measures needed to achieve the targeted 

reduction in primary energy consumption set by the 

strategy–initially aimed at a 30% reduction by 2030 

but later updated through the Energy Efficiency Act to 

align with EU standards (see above). The roadmap 

established a dialogue with industry representatives 

to explore ways to halve energy consumption by 2050. 

A key aspect of NAPE is the Initiative for Energy 

Efficiency and Climate Action Networks (BMWE 

2019). 

This initiative, a collaboration between the German 

government and 21 industry associations, has been in 

place since 2014, initially focusing solely on energy 

efficiency. Since 2021, it has expanded to incorporate 

climate-related measures. The initiative's goal is to 

create networks of companies–targeting the 

establishment of 300-350 new networks by the end of 

2025–to collectively save nine to eleven TWh of final 

energy consumption or reduce greenhouse gas 

emissions by five to six million tonnes. Each network 

comprises five to 15 companies, serving as platforms 

for exchanging ideas and best practices. Participating 

companies conduct energy audits and engage in three 

to four years of regular collaboration to set energy-

saving goals. Independent monitoring institutes 

periodically audit these firms to ensure compliance 

and progress (Fraunhofer ISI n.d.; IEA 2017; IEEN 

2020; IEEKN n.d.)  

5.1.2.2 Hydrogen 

Hydrogen Strategies and Industry Targets in the 

Third Renewable Energy Directive (RED III) 

The EU Hydrogen Strategy, unveiled in 2020, 

positions hydrogen as a pivotal solution for 

decarbonising hard-to-abate sectors, such as steel and 

chemicals. In these industries, renewable and low-

carbon hydrogen is envisioned to replace fossil fuels 

in high-temperature processes, serve as a chemical 

feedstock, and substitute grey hydrogen entirely 

(European Commission 2020a). To foster the 

adoption of renewable and low-carbon hydrogen, the 
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third revision of the Renewable Energy Directive 

(RED III) has established a target for 42% of hydrogen 

used in the industry sector to originate from 

Renewable Fuels of Non-Biological Origin, i.e. to be in 

the form of renewable hydrogen, by 2030. This target 

is set to rise to 60% by 2035 (EP & EC 2023). 

 

At the national level, the German National Hydrogen 

Strategy and its update from 2023 complement the 

EU's initiative by similarly identifying the industry 

sector, particularly energy-intensive industries, as 

principal consumers of renewable and low-carbon 

hydrogen (The Federal Government 2020; 2023b).  

5.1.2.3 Circular Economy 

EU Circular Economy Action Plan 

The EU's Circular Economy Action Plan comprises 35 

strategic actions designed to enhance recycling, 

minimise waste, and optimise resource efficiency. 

Within the industrial sector, the plan advocates for a 

transition towards greater circularity in production 

processes. This is achieved by integrating circular 

economy practices into the Best Available Techniques 

(BAT) reference documents of the Industrial 

Emissions Directive, alongside promoting “digital 

technologies for tracking, tracing, and mapping 

resources” (European Commission 2020b). 

Ecodesign for Sustainable Products Regulation 

(ESPR) 

Implemented in 2024, the Ecodesign for Sustainable 

Products Regulation aims to enhance the circularity, 

energy performance, recyclability, and durability of all 

products manufactured within the European Union, 

excluding food, feed, and medicinal products. Digital 

product passports are gradually introduced for 

products, components, and materials, with the 

specific information varying per product. For energy-

intensive industries covered in this study, this 

regulation will necessitate a significant shift towards 

recycled inputs (such as scrap steel, recycled 

chemicals, paper, and construction materials), 

product reformulations, energy efficiency measures 

to reduce energy consumption, and improvements in 

the recyclability of their products (European 

Commission n.d.h.). 

National Circularity Strategy 

In December 2024, the German government unveiled 

its national strategy to responsibly utilise and reuse 

resources, minimise waste, and preserve the value of 

products for extended periods. In addition to 

ecological objectives, the strategy explicitly aims to 

bolster German independence from resource imports. 

Aligning with EU provisions, it advocates the use of 

recycled and secondary materials across various 

sectors, including those examined in this study. In 

these sectors, employing recycled and secondary 

resources presents a significant opportunity to 

substantially reduce emissions and costs (BMUKN 

n.d.; 2024). 

5.1.2.4 CCS/CCU 

EU Industrial Carbon Management 

Communication and Certification Scheme for 

Carbon Capture 

The Net Zero Industry Act, passed in 2024, envisions 

that the EU establishes a CO2 storage capacity of at 

least 50 million tonnes (Mt) per year by 2030, 

expanding to 280 Mt by 2040 to achieve its 

greenhouse gas (GHG) reduction target of 90% below 

1990 levels. The Commission’s Industrial Carbon 

Management Communication outlines a strategy to 

meet these targets, including the introduction of a CO2 

transport and storage regulatory package and an atlas 

for mapping potential storage sites within the EU. 

Additionally, CO2 suppliers will be matched with 

transport and storage operators, as well as offtakers, 

through a planned aggregation tool, and an 

accounting framework will be developed to assess the 

climate benefits of using CO2 as a resource in 

industrial processes. New funding opportunities will 

be explored (European Commission 2024b;c). 

Meanwhile, the European Parliament approved the 

establishment of a certification scheme for carbon 

capture in 2024, aimed at accurately measuring 

removals and long-term storage. To obtain 

certification, the methods employed by companies 

must demonstrate the ability to store CO2 for several 

decades, with products removing carbon from the 

atmosphere for a minimum of 35 years (European 

Parliament 2023). These initiatives are still in the 

development phase, marking the EU's early steps in 

regulating CCS/CCU measures. In December 2025, the 

EU passed the Implementing Regulation (EU) 

2025/2358 establishing transparency standards for 

certification schemes and rules for certification 

bodies and audit processes (European Commission 

2025c). Further existing regulations include the CCS 

Directive, which provides a framework for carbon 

transportation, while RED II governs the utilisation of 

carbon in relation to biomass fuels, biogas, and 

biomethane, incorporating emission savings from CO2 

capture and storage into their GHG emissions 
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calculation methodology (EP & EUC 2009; 2018). The 

EU ETS Directive (Directive 2003/87/EC) established 

that if CO2 has been captured and is permanently 

stored in accordance with the CCS Directive, no ETS 

allowances need to be surrendered (dena 2025c). 

National Carbon Management Strategy 

Germany is in the process of developing its own 

carbon management strategy, with foundational 

elements already adopted. CCS/CCU is identified as a 

crucial measure for the industry sector, particularly in 

areas like cement production, waste incineration, and 

the chemicals industry. The strategy aims to ensure 

these industries remain competitive internationally 

amid increasing decarbonisation demands. It will 

outline plans to develop necessary infrastructure and 

adapt legislation, permitting offshore carbon storage 

outside marine protection areas, while onshore 

storage remains prohibited unless individual states 

(Bundesla nder) opt-in. The government emphasises 

that carbon storage usage must not compromise 

genuine reductions in greenhouse gas emissions and 

prohibits its use at coal-fired power plants (Clean 

Energy Wire 2024a). 

5.1.3 Funding and Financing Instruments 

5.1.3.1 Cross-Sectoral Programmes 

5.1.3.1.1 EU Programmes 

EU Innovation Fund 

The EU Innovation Fund is one of the largest funding 

programmes globally targeted at net-zero and low-

carbon technologies. It forms part of the European 

Green Deal Industrial Plan and is financed through the 

revenues of the EU ETS. Specifically, revenues from 

530 million ETS allowances flow to the fund. 

Accordingly, the estimated revenue for 2020 to 2030 

is EUR 40 billion (assuming a carbon price of EUR 

75/t). Funding is open to all EEA member states and 

is awarded in the form of grants through an auction 

system. Funding is open to all energy-intensive 

industries, renewables, energy storage, and CCS/CCU 

projects, as well as net-zero mobility and buildings 

projects (European Commission n.d.i; 2023).  

Recovery and Resilience Facility 

This is a temporary measure, which runs until 2026. 

Money is available for initiatives that make the MS’s 

economies more sustainable, resilient, and prepared 

for the green and digital transitions. Funding is 

provided by borrowing on the capital markets and 

then made available in the form of loans or grants to 

the members states. To apply for funding, member 

states had to devise national recovery and resilience 

plans, in which they outline where the money would 

be spent. Only if the milestones and targets outlined 

in these plans are reached is the money paid out. This 

is not a funding instrument open to industry directly, 

but diverse industry sectors can profit indirectly, if 

their national governments decide to allocate money 

to the transformation of their facilities (European 

Commission n.d.j; EU Chemicals Platform 2025). 

EU LIFE Programme 

The EU LIFE Programme has been running since 1992 

and has supported more than 6,000 projects. The 

current programme round is running from 2021 to 

2027 and is divided into sub-programmes including 

circular economy and quality of life, climate change 

mitigation and adaptation, and clean energy 

transition. The circular economy sub-programme is 

for instance supporting the recovery of resources 

from waste while the climate change mitigation and 

adaptation sub-programme supports inter alia energy 

efficiency measures and the build out of renewables. 

The clean energy transition sub-programme has a 

budget of EUR 1 billion to support more energy-

efficient, renewable energy-based, climate-neutral, 

and resilient approaches in diverse sectors, including 

the industry sector (European Commission n.d.k.; 

n.d.l.). 

European Investment Fund 

This fund provides EUR 26.2 billion across four areas: 

Sustainable infrastructure (EUR 9.9 billion), research, 

innovation, and digitisation (EUR 6.6 billion), SMEs 

(EUR 6.9 billion), social investment and skills (EUR 

2.8 billion). Sustainable infrastructure projects 

eligible for funding include energy efficiency and 

circular economy measures (European Investment 

Fund n.d.). 

5.1.3.1.2 National Programmes and Support 

Mechanisms 

Industrial Electricity Price and Electricity Price 

Compensation 

The industrial electricity price is a compensation 

payment available exclusively to energy-intensive 

industries for the period 2026 to 2028. Applications 

may be submitted from 2027 onwards and apply 

retrospectively to 2026. The maximum rebate 

amounts to 50 per cent of the wholesale electricity 
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price, subject to a price floor of 5 ct/kWh. For 2026, 

the relief amount stands at approximately 3.75 

ct/kWh. Up to 50 per cent of a production facility's 

electricity consumption, including indirect electricity 

consumption, is eligible for support. 

Beneficiaries are required to invest 50 per cent of the 

compensation received in decarbonisation measures 

within 48 months. Eligible measures include 

investments in renewable energy, efficiency 

improvements, and power-to-heat applications, 

among others. An additional flexibility bonus is 

granted where companies allocate a significant 

portion of their investments to measures that 

increase demand flexibility. The bonus amounts to a 

ten per cent increase in the compensation payment 

(BMWE 2026b). 

The industrial electricity price may only be applied to 

electricity volumes not already covered by the 

electricity price compensation scheme. The latter is a 

state aid scheme for energy-intensive companies, 

designed to offset the indirect CO2 costs arising from 

the EU Emissions Trading System (EU ETS). Since 

2013, power plants no longer receive free ETS 

allowances for electricity generation; the associated 

costs are passed on to customers, which is 

particularly burdensome for energy-intensive 

industries. Companies belonging to sectors identified 

by the European Commission as being at high risk of 

carbon leakage may apply for the compensation. The 

amount of aid is determined by electricity efficiency 

benchmarks, which prevent incentives to increase 

electricity consumption. The German government has 

allocated EUR 4 billion for 2026 to state aid (Deutsche 

Emissionshandelsstelle 2025).  

Carbon Contracts for Difference Scheme  

This funding programme is targeted at the energy-

intensive industry and aims to avoid 350 million 

tonnes of CO2eq emissions while ensuring that 

German businesses remain competitive 

internationally. It is organized in the form of auctions 

with the main criterium being the price per tonne of 

CO2 saved. In their application, companies indicate 

the costs (both CAPEX and OPEX) that accrue with the 

changing of production processes towards greener 

methods compared to conventional production 

processes. The necessary state aid is granted to the 

cheapest bidder over a time of 15 years. If the cost 

difference between the greener and conventional 

production method decreases over the course of the 

15 years, for instance because the CO2 price increases 

or renewable energy sources become cheaper, the 

grant paid will decrease as well. If the greener 

production process even achieves to become cheaper 

than the conventional method, the direction of 

payment reverses, with the company paying the 

difference to the state. This ensures that state aid is 

only paid where it is truly needed (BMWE n.d.a.; CMS 

Law-Now 2024). The programme is set to run until 

2045; the first 15 companies received their CCfDs in 

October 2024. Funding in this first round totalled EUR 

2.6 billion and will help save 17 million tonnes CO2eq 

over the next 15 years. Companies had until 

December 1, 2025, to participate in the preliminary 

procedure for the 2026 bidding round, which runs 

until September 2026. Unlike in the first bidding 

round, CCU/CCS technologies will also be eligible for 

funding in 2026 (BMWE 2025b; BMWE 2026a).  

Federal Fund for Industry and Climate Action 

The Federal Fund for Industry and Climate Action 

consist of two separate funding streams. Module 1 

supports decarbonization efforts, while module 2 

supports the application of CCU and CCS technologies. 

The programme is set to run until 2030 with yearly 

funding rounds. Over the entire term, EUR 3.3 billion 

are to be made available with funding starting at EUR 

500,000 for SMEs and EUR 1 million for large 

companies. The maximum funding per project is EUR 

200 million. The programme is open to all industry 

sectors and technology neutral. To be eligible, the 

proposed project must reduce emissions by at least 

40% (Umweltbundesamt 2024d).  

KfW Energy Efficiency Programme 

The programme provides loans of up to EUR 25 

million for energy efficiency and decarbonization 

measures in production facilities (e.g. electrification, 

CCS/CCU measures, hydrogen applications, process 

heat and cooling, etc.). The measures must achieve a 

reduction of GHG emissions of at least 15% compared 

to the average value over the past five years for the 

respective production process (KfW n.d.).  

SME-innovative 

This programme is run by the Federal Ministry of 

Research, Technology and Space (BMFTR) and is 

targeted specifically at SMEs to support them in 

developing new innovative technologies, production 

processes, and products that increase energy 

efficiency, protect the climate and help them adapt to 

climate change (BMFTR n.d.). 

Environmental Innovation Programme 

This federal programme has been running since 1979 

and has thus far provided EUR 1,220 million to 809 
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projects. The aim is to support companies in bringing 

innovative approaches to application. To this end, 

large-scale industry plants that serve as 

demonstration plants, i.e. the technology is applied 

for the first time in Germany or known technologies 

are combined in a novel manner, can receive either an 

investment subsidy or an interest subsidy (to reduce 

the cost of a loan). In the past 16 years, the 

programme has resulted in the saving of 1,673 

thousand tonnes of CO2eq (Environmental Innovation 

Programme n.d.).   

5.1.3.2 Targeted Programmes 

5.1.3.2.1 Energy Efficiency 

Modernisation Fund 

The Modernisation Fund is specifically targeted at 13 

lower-income member states and is financed through 

ETS revenues. It provides EUR 2.4 billion, that is 2% 

of the total quantity of EU ETS allowances auctioned 

between 2021 and 2030. The money may be spent on 

energy efficiency measures, the use of renewable 

energies (including renewable hydrogen), and 

heating and cooling systems based on renewable 

sources and is open to the industry sector. However, 

companies cannot apply for the funding directly. 

Instead, the respective member state applies and 

decides on the form of funding desired (grants, 

premium, guarantee instruments, loans, or capital 

injections), which is then provided to recipients 

within the member state (European Commission 

n.d.m).  

Energy and Resource Efficiency in the Economy 

This funding programme is a joint endeavour by the 

Federal Office for Economic Affairs and Export 

Control (BAFA) and the KfW. It consists of six 

modules: Module 1 is available for cross-cutting 

technologies (electric motors, ventilators, pumps 

etc.), module 2 is open to the establishment of process 

heat applications from renewable sources (heat 

pumps, geothermal plants, biomass plants….), module 

3 is open to MSR, sensors, and energy management 

software, module 4 targets energy and resource 

related optimization of plants and processes 

(technology-neutral), module 5 supports companies 

in devising transformation plans, and module 6 

targets small enterprises, providing support for their 

electrification. Under all these modules, companies 

can receive a loan of up to EUR 100 million, which is 

available for two to 20 years.  

One additional component of the EEE is the Energy 

and Resource Efficiency Funding Competition. Similar 

to module 4, this competition is technology neutral, 

but companies can receive a grant of up to EUR 20 

million. However, companies must be willing to 

participate in a competitive process. The funding is 

provided by the BMWE and a new funding 

competition of EUR 60 million each is launched every 

two months. The company with the most efficient 

reduction in CO2 emissions: i.e. the highest CO2 

emission reduction at the lowest cost, will be chosen. 

The sole eligibility criteria is that the energy and 

resource cost-related amortisation period of the 

investment without subsidies must be at least four 

years (BAFA n.d.; BMWE n.d.b.). 

5.1.3.2.2 Hydrogen 

Important Projects of Common European 

Interest (IPCEIs) 

IPCEI are a funding tool embedded in EU state aid law. 

Within the framework of the IPCEI, member states 

may provide state aid without violating EU 

competition law. IPCEIs are aimed at supporting 

economic growth, the creation of jobs, the green and 

digital transformation, and competitiveness in the EU. 

Thus far, four hydrogen-related IPCEIs encompassing 

90 companies from 16 member states including 

Norway have been established. The total state aid 

provided totals EUR 18.9 billion (European 

Commission n.d.n.). The German government 

provides state aid under 3 IPCEIs: 

• Hy2Tech: 41 projects on the development of 

hydrogen-related, innovative technologies, EUR 5.4 

billion from 15 MS, 4 German companies (European 

Commission n.d.o.) 

• Hy2Infra: 33 projects on the development of 

hydrogen infrastructure, EUR 4.6 billion, 23 German 

companies (European Commission n.d.p.) 

• Hy2Move: 13 projects on hydrogen 

technologies and applications in the mobility sector, 

EUR 1.4 billion, 7 MS, 3 German companies (European 

Commission n.d.q.) 

While some energy-intensive industries are directly 

involved and receive state aid, the wider impact of 

more renewable hydrogen becoming available in the 

market will profit the energy-intensive industry 

sector as a whole in the long-term. 
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5.1.3.2.3 Other funding 

In addition to these funding programmes, the German 

Government is regularly supporting individual 

companies to transition to more sustainable 

production methods. For instance, 

Georgsmarienhu tte GmBH received EUR 880,000 in 

2022 to change the heat treatment of its steel from 

natural gas to renewable electricity (Rohstoff.net 

2022). In 2023, thyssenkrupp steel received EUR 2 

billion jointly from the Federal Government and the 

government of Northrhine Westphalia for its tkH2-

Steel project (for more details please see Chapter 2), 

and the Stahl-Holding Saar received EUR 2.6 billion to 

switch to the EAF production route including the use 

of hydrogen and scrap steel, promising to reduce the 

company’s CO2 emissions by 55% by 2030 (SHS 2023; 

thyssenkrupp 2023). In the same year, Salzgitter AG 

received EUR 1 billion for its SALCOS projects, which 

also involves switching to the EAF route, including the 

use of hydrogen. This will help reduce yearly CO2eq 

emissions by 95%, which in turn translates to saving 

1% of Germany’s total yearly emissions (Salzgitter AG 

2023).  

5.2 Canada 

5.2.1 Political Targets, Strategies and 

Regulation 

Canada has enshrined its commitment to achieving 

net-zero GHG emissions by 2050 in the Canadian Net-

Zero Emissions Accountability Act (2021), which 

establishes a legally binding framework for emission 

reduction targets and progress reporting. The Act also 

sets a 2030 target to cut emissions by 40-45% below 

2005 levels, as well as interim targets for 2035, 2040, 

and 2045, each supported by credible emission 

reduction plans and progress reports to Parliament 

(Government of Canada 2024).  

To implement these commitments, the Canadian 

government launched the 2030 Emissions Reduction 

Plan (ERP) in 2022. The ERP outlines sectoral 

pathways across oil and gas, transportation, 

electricity, buildings, agriculture, and heavy industry 

for meeting the 2030 emission target. In the ERP, the 

Federal Government also sets sector-specific 

industrial emission pathways for 2030. Compared to 

the base year of 2005, they stipulate an emission 

reduction of -10% for chemicals and fertilizers, -53% 

for petroleum refining, -35% for iron and steel, -4% 

for non-ferrous metals, -49% for cement, lime and 

gypsum, and -60% pulp and paper (ECCC 2022). 

Although the ERP sets sector-specific emission 

reduction targets, there exist no such decarbonisation 

roadmaps for individual industrial sectors, with the 

exception of cement (Roadmap to Net-Zero Carbon 

Concrete by 2050) (CEC 2025). Instead, the plan lays 

out federal investments in clean technologies, 

electrification, and low-carbon fuels. Key measures 

include the creation of the CAD 8 billion 

Strategic Innovation Fund – Net Zero Accelerator to 

support decarbonisation in large industrial facilities, 

and a CAD 194 million expansion of the Industrial 

Energy Management Programme to increase 

industrial energy efficiency. Additional initiatives 

comprised a Buy Clean Strategy to promote 

low-carbon materials in public procurement and a 

national CCS/CCU Strategy (ECCC 2022).  

The ERP also explicitly references the Clean 

Electricity Standard and the National Hydrogen 

Strategy as key policy instruments for reaching 

net-zero. Together, these policy frameworks indirectly 

support industrial decarbonisation by enabling 

access to low-emission electricity and alternative 

fuels. 

5.2.1.1 Climate Competitiveness Strategy 

Under Prime Minister Mark Carney, the Federal 

Government launched the Climate Competitiveness 

Strategy through Budget 2025, redefining Canada’s 

climate and energy policy around investment 

incentives, enhanced industrial carbon pricing, and 

federal–provincial collaboration (Government of 

Canada 2025b).  

The strategy maintains the suite of Clean Economy 

Investment Tax Credits (see below) and extends the 

CCS/CCU Investment Tax Credit at full rates until 

2035, delaying the previously planned phase-down. It 

also commits to developing a post-2030 

carbon-pricing trajectory in cooperation with 

provinces and territories to provide long-term 

certainty for investors. Importantly, the strategy 

marks a move away from sector-specific regulatory 

caps: the proposed oil-and-gas emissions cap – 

focused on upstream activities – was dropped, with 

the government instead relying on industrial carbon 

pricing, tighter methane rules, and expanded 

CCS/CCU deployment to achieve emissions 

reductions across industry (ibid.). 

5.2.1.2 National Electricity Strategy 

 

Canada's National Electricity Strategy “Powering 

Canada Strong” sets out the ambition to double the 

capacity of the country's electricity grid by 2050 to 
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meet projected demand, driven in large part by the 

electrification of transport, buildings, and industry, as 

well as growth in electricity-intensive sectors. While 

approximately 80% of Canada's current generation is 

already non-emitting and industrial electricity prices 

are among the second lowest in both the G7 and the 

OECD, the strategy frames grid expansion as a nation-

building exercise estimated to require over CAD 1 

trillion in investment through to 2050. The strategy is 

structured around four pillars: building new 

generation, transmission, distribution, and storage 

infrastructure; connecting Canada's currently 

fragmented provincial grids through expanded east-

west-north transmission interties; training and 

retaining the more than 130,000 skilled workers 

required; and strengthening domestic manufacturing 

of grid components and clean technologies. 

 

The strategy positions electrification as the primary 

mechanism for economy-wide decarbonisation. With 

electricity sector emissions representing only 7% of 

Canada's total, the principal opportunity lies in 

switching high-emitting industrial end uses from 

fossil fuels to electricity, with the potential to reduce 

economy-wide emissions by up to five times current 

electricity sector levels. The strategy also signals an 

intent to adjust the Clean Electricity Regulations to 

allow for greater flexibility, including a continued role 

for natural gas, to preserve affordability and system 

reliability as industrial demand scales up. The details 

of the proposed amendments are discussed in 5.2.1.3 

below. 

 

To support industrial electrification, the federal 

government is deploying a range of financial 

instruments, including clean economy Investment Tax 

Credits covering clean electricity, clean technology, 

and carbon capture, utilisation and storage; strategic 

financing through the Canada Infrastructure Bank 

(with a clean energy target of CAD 20 billion) and the 

Canada Growth Fund; as well as a new Productivity 

Super-Deduction allowing businesses to write off a 

larger share of capital investment immediately. 

(NRCan 2026; Prime Minister of Canada 2026).  

5.2.1.3 Clean Electricity Regulations 

The Clean Electricity Standard, committed in the ERP, 

evolved into the Clean Electricity Regulations, enacted 

in December 2024 under the Canadian 

Environmental Protection Act, 1999. These 

regulations set enforceable CO₂-intensity limits on 

electricity generation, applying to new fossil-fuel 

units commissioned after 2024 and extending to all 

remaining emitting facilities by 2035, effectively 

operationalising the ERP target of a net-zero 

electricity grid (Government of Canada 2025c).  

Under these rules, generating units face a cap of 65 

tonnes of CO₂ per GWh annually, with the option to 

exceed this by up to 35 t/GWh if matched by 

qualifying offset credits. From 2050 onward, the cap 

falls to zero, though some offset flexibility is retained. 

The final regulations also incorporate tradeable 

compliance credits for facilities performing below 

their limits, alongside phased compliance deadlines – 

the majority of units must meet requirements by 

2035, while certain projects have until 2050. 

In November 2025, following provincial resistance, 

Canada’s Federal Government reached an agreement 

with Alberta that effectively paused federal 

enforcement of the Clean Electricity Regulation in the 

province, substituting it with more stringent 

provincial carbon pricing for industry and support for 

CCS/CCU projects. Although the deal nominally 

upholds the 2035 net-zero objective, it replaces 

binding federal regulation with a negotiated 

provincial pathway (CanREA 2025). 

Building on the Alberta agreement, the Carney 

government's National Electricity Strategy (May 

2026) signals further amendments to the CER. These 

include extending the operational life of existing gas-

fired assets beyond the transition periods already 

provided for in the regulations, permitting new 

natural gas units to be added in the near term, 

particularly to support reliability in Western Canada, 

and broadening the use of carbon offsets to allow 

residual emissions to be offset elsewhere rather than 

met solely through generation-side measures. Taken 

together with the Alberta MOU, these proposed 

changes indicate a shift away from the strict 2035 

decarbonisation timeline towards a more flexible 

2050 framework. The amendments are subject to a 

consu2026,ion process launched in May 2026 and no 

revised regulatory text has been published to date. 

5.2.1.4 Hydrogen Strategy 

The Hydrogen Strategy for Canada, published in 

December 2020, established the Federal 

Government’s long-term vision for hydrogen as a 

cornerstone of the country’s energy transition. The 

strategy identified hydrogen’s role across sectors – 

particularly in heavy industry, long-haul transport, 

heating, and electricity storage – and projected that 

hydrogen could meet up to 30 percent of Canada’s 

end-use energy needs by 2050 (NRCan 2020). A 

progress report was issued in 2024 (NRCan 2024a). 

Since 2020, approximately 80 low-carbon hydrogen 

production projects have been announced, 
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representing a combined capacity of more than 5 

million tonnes of hydrogen per year. These projects 

span electrolysis and steam methane reforming 

(SMR) with CCS/CCU, targeting applications in 

refining, industry, transport, and ammonia exports. 

Eight hydrogen hubs are forming across the country, 

and 23 export-oriented projects are under 

development, with international agreements signed 

with Germany, the Netherlands, Japan, South Korea, 

and the EU to establish trade corridors (NRCan 

2024b). 

Federal policy support announced since then includes 

the Clean Hydrogen Investment Tax Credit, 

announced in 2022, the Clean Fuels Fund, the Canada 

Growth Fund, the Canada Infrastructure Bank, and 

complementary tax credits for clean electricity, clean 

technology manufacturing, and CCS/CCU. Six 

provinces – British Columbia, Alberta, Ontario, 

Que bec, Nova Scotia, and New Brunswick – have 

published their own hydrogen strategies. 

5.2.1.5 Roadmap to Net-Zero Carbon 

Concrete 

As the only sectoral decarbonisation strategy for 

energy-intensive industry, the Roadmap to Net-Zero 

Carbon Concrete by 2050, published in 2022 by the 

Government of Canada, sets out a plan to decarbonise 

Canada’s cement and concrete industry. The roadmap 

establishes milestones to reach net-zero emissions by 

2050. It outlines an Action Plan to 2030, which targets 

a cumulative reduction of more than 15 Mt of CO₂ by 

that year and ongoing annual cuts exceeding 4 Mt 

thereafter. Three strategic themes guide the plan: 

driving domestic market transformation through 

low-carbon procurement and performance-based 

standards; accelerating innovation and industrial 

transition across the value chain; and positioning 

Canada as a global leader in low-carbon cement and 

concrete technologies (CEC 2025). 

To achieve these outcomes, the roadmap promotes a 

suite of measures across production, construction, 

and policy. In the near term, efforts focus on reducing 

the clinker content of cement, switching to 

lower-carbon fuels such as biomass and hydrogen, 

and improving energy efficiency at plants. Over the 

longer term, the pathway relies heavily on the 

deployment of CCS/CCU to address process emissions 

that cannot otherwise be eliminated. Complementary 

innovations such as supplementary cementitious 

materials, admixtures, and carbon-mineralisation in 

concrete are expected to further cut embodied 

emissions.  

Government actions – such as evolving building codes, 

implementing Buy Clean procurement policies, 

supporting R&D, and maintaining predictable 

carbon-pricing – are identified as critical levers for 

decarbonising cement and concrete.  

The roadmap further links the cement and concrete 

decarbonisation agenda to the 2030 Emissions 

Reduction Plan and federal programmes like the 

Strategic Innovation Fund – Net Zero Accelerator and 

the CCS/CCU Investment Tax Credit (see Chapter 

5.2.3). 

5.2.1.6 Standard on Embodied Carbon in 

Construction 

The Buy Clean Strategy announced in the 2030 

Emissions Reduction Plan has been implemented 

through the Standard on Embodied Carbon in 

Construction, issued under the Treasury Board's 

Policy on Green Procurement. Effective since 

December 2022, the standard requires federal 

departments to disclose and reduce the embodied 

carbon of structural materials in major construction 

projects. Initially applying to projects valued at CAD 

10 million or more (lowered to CAD 5 million from 

2025) and covering only ready-mix concrete, the 

standard was updated in March 2025 to include 

structural and reinforcement steel and to require 

whole-building life-cycle assessments for buildings 

exceeding a certain size; these new requirements took 

effect in September 2025. The Greening Government 

Strategy sets a target of 30% reduction in the 

embodied carbon of major construction projects 

starting in 2025. By leveraging federal purchasing 

power, the standard creates demand-side incentives 

for low-carbon cement and steel production 

(Government of Canada 2025d). 

5.2.2 Industrial Carbon Pricing 

The principal policy instrument for advancing 

industrial decarbonisation in Canada is the industrial 

carbon pricing system. This so-called Federal 

Output-Based Pricing System (OBPS) applies to large 

industrial emitters and operates separately from the 

consumer fuel charge. Following the elimination of 

the federal fuel charge in April 2025, industrial 

carbon pricing through the Federal OBPS remains in 

place (Government of Canada 2025e).  

The Federal OBPS covers facilities in 

emissions-intensive and trade-exposed industrial and 

electricity sectors that emit 50,000 t CO₂eq or more 

per year. Smaller facilities emitting at least 10,000 t 

CO₂eq annually may opt in if they operate in sectors 
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exposed to carbon-leakage. The OBPS sets 

performance standards for specific sectors, which are 

based on the national production-weighted average 

emissions intensity (GHG emissions per unit of 

output) for that sector. Facilities exceeding their 

standard must compensate for excess emissions, 

while those performing below the standard generate 

credits that can be banked or traded (ICAP 2022). 

Compliance can be achieved through several 

mechanisms: payment of an excess-emissions charge 

to the government at the prevailing carbon price, 

surrender of surplus credits acquired from other 

facilities or banked from previous compliance 

periods, or submission of eligible offset credits from 

recognised provincial or federal schemes. 

Provinces and territories are allowed to establish 

their own industrial carbon pricing systems, provided 

these meet the federal benchmark. Where no 

compliant system exists, the federal OBPS functions 

as a backstop, resulting in a patchwork of federal and 

provincial approaches.  

British Columbia continues to administer a provincial 

OBPS, having removed its consumer carbon tax in 

April 2025 (ECCC 2025b). Alberta regulates industrial 

emitters under its Technology Innovation and 

Emissions Reduction (TIER) regulation, which was 

frozen at CAD 95 per tonne in May 2025. Pursuant to 

a November 2025 Memorandum of Understanding 

with the federal government, Alberta has committed 

to strengthen TIER and increase the effective credit 

price to CAD 130 per tonne (Prime Minister of Canada 

2025). Que bec maintains a cap-and-trade programme 

linked with California, while Ontario operates an 

Emissions Performance Standards Program. New 

Brunswick, Newfoundland and Labrador, and Nova 

Scotia each administer their own provincial OBPSs. 

Saskatchewan suspended its system on 1 April 2025, 

placing the province in non-compliance with federal 

requirements (National Observer 2025). The 

Northwest Territories also removed its consumer 

carbon tax but continues to apply carbon pricing to 

large emitters (ECCC 2025b). 

The federal OBPS continues to apply directly in 

Manitoba, Nunavut, Prince Edward Island, and Yukon, 

which do not operate equivalent provincial systems. 

As of 2025, these backstop jurisdictions include 41 

covered facilities (Government of Canada 2025f). 

Approved provincial systems elsewhere remain valid 

until at least the end of 2026 (ICAP 2022). 

Provinces and territories that voluntarily adopt the 

federal OBPS may choose to receive all proceeds 

directly for inclusion in their general budgets. In 

jurisdictions where the federal system acts as a 

backstop, proceeds are returned through the 

Output-Based Pricing System Proceeds Fund, which 

supports projects that lower industrial emissions. 

The fund’s two main streams are the Decarbonization 

Incentive Program and the Future Electricity Fund 

(Government of Canada 2025e). 

Independent analysis by the Canadian Climate 

Institute (2024) finds that large-emitter trading 

systems, which include the Federal OBPS and its 

provincial counterparts, are the most significant 

contributors to Canada’s projected emissions 

reductions by 2030. 

5.2.3 Funding and Financing Instruments 

5.2.3.1 Federal Programmes 

Canada has several federal funding instruments 

combining direct public investment with fiscal 

incentives to advance industrial decarbonisation. 

Strategic Innovation Fund – Net Zero Accelerator 

(NZA) 

The Strategic Innovation Fund – Net Zero Accelerator 

(NZA) is Canada's flagship programme for industrial 

decarbonisation. Launched in December 2020 with 

an initial CAD 3 billion and expanded to CAD 8 billion 

through Budget 2021, the NZA is administered by 

Innovation, Science and Economic Development 

Canada (ISED). It targets the country's heaviest-

emitting manufacturing sectors – steel, aluminium, 

cement, mining, mineral processing, and chemicals –

which collectively account for 13.6% of national GHG 

emissions (ISED 2025c). 

The NZA operates across three investment pillars: (1) 

near-term emissions reduction in large industrial 

emitters, (2) industrial transformation of sectors such 

as automotive and aerospace toward low-carbon 

production, and (3) clean technology development, 

including hydrogen, CCS/CCU, and a domestic battery 

supply chain. Signature projects include CAD 400 

million for ArcelorMittal Dofasco's transition from 

coal-fired blast furnaces to hydrogen-ready electric 

arc furnaces in Hamilton and CAD 420 million for 

Algoma Steel's similar conversion in Sault Ste. Marie. 

The NZA has also committed CAD 300 million to Air 

Products' Edmonton blue-hydrogen facility, which 

uses autothermal reforming with CCS to supply 

refineries. 
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Clean Fuels Fund (CFF) 

Complementing the NZA, the Clean Fuels Fund (CFF) 

allocates CAD 1.5 billion over five years through 

Natural Resources Canada to expand domestic 

production of low-carbon fuels – hydrogen, 

renewable diesel, cellulosic ethanol, renewable 

natural gas (RNG), and sustainable aviation fuel 

(SAF). Launched in June 2021 and extended to 2030 

under Budget 2024, the fund de-risks capital 

investment by covering up to 50% of project costs 

(75% for Indigenous-led projects), with individual 

grants capped at CAD 50 million. Recent CFF 

investments include CAD 4.6 million for StormFisher 

Hydrogen's green-hydrogen-to-RNG facility in 

Thorold, Ontario and funding for Azure Sustainable 

Fuels' SAF plant (NRCan 2025b). 

Canada Growth Fund (CGF) 

Established in December 2022, the Canada Growth 

Fund (CGF) is a CAD 15 billion investment vehicle for 

advancing major decarbonisation projects. Managed 

by a subsidiary of the Public Sector Pension 

Investment Board (PSP Investments), the CGF deploys 

blended-finance instruments – equity stakes, 

concessional debt, and carbon contracts for difference 

(CCfDs). Up to CAD 7 billion of its capital is earmarked 

for CCfDs. The fund's inaugural CCfD, signed with 

Calgary-based Entropy Inc. in December 2023, 

commits the CGF to purchase up to 185,000 tonnes of 

carbon credits generated annually by the company 

over 15 years at CAD 86.50 per tonne – enabling 

Entropy's Glacier CCS project in Alberta. Subsequent 

deals include CAD 137 million for Svante, a Burnaby-

based manufacturer of modular carbon-capture 

filters. By May 2026 the CGF has announced 23 

investments totalling CAD 5 billion (CFG 2026). 

Low Carbon Economy Fund (LCEF) 

The Low Carbon Economy Fund (LCEF) was launched 

in 2017 with CAD 2 billion over five years and 

recapitalised in Budget 2022 with an additional CAD 

2.2 billion over seven years – bringing total 

investment to CAD 4.2 billion through 2028–29. The 

LCEF operates through four funding streams: the 

Leadership Fund (CAD 1.4 billion for provincial and 

territorial programmes), the Challenge Fund (CAD 

500 million for competitive grants to municipalities, 

businesses, and non-profits), the Champions stream 

(over CAD 450 million for projects from any eligible 

applicant), and the Indigenous Leadership Fund (CAD 

180 million for Indigenous-owned renewable energy, 

energy efficiency, and low-carbon heating projects). 

To date, the original LCEF has supported 138 projects 

(ECCC 2025c). 

Clean Economy Investment Tax Credits (ITCs) 

Another group of instruments consists of several 

refundable investment tax credits (ITCs), enacted 

through Bills C-59 and C-69 in June 2024, which 

function as performance-based fiscal incentives (CRA 

2025). Budget 2024 projects these credits will cost 

CAD 93 billion over 2022–23 to 2034–35 – a figure the 

Parliamentary Budget Officer estimates may run CAD 

10 billion higher (Office of the Parliamentary Budget 

Officer 2024).  

The Carbon Capture Utilisation and Storage ITC offers 

up to 60% on direct air capture equipment, 50% on 

other carbon-capture equipment, and 37.5% on 

transportation, storage, and utilisation infrastructure, 

applying to expenditures incurred between 1 January 

2022 and 31 December 2040.  

The Clean Hydrogen ITC is tiered by lifecycle carbon 

intensity: 40% for projects producing hydrogen 

below 0.75 kg CO₂e/kg H₂ (typically electrolysis 

running on renewable electricity), 25% for 0.75–2 kg 

(blue hydrogen with high-capture CCS), and 15% for 

2–4 kg; production at or above 4 kg CO₂e/kg H₂ is 

ineligible.  

The Clean Technology Manufacturing ITC grants 30% 

on machinery for producing solar panels, wind 

turbines, batteries, electrical-storage systems, heat 

pumps, small modular reactors, and CCS/CCU 

equipment – as well as on critical-mineral extraction 

and processing.  

Two additional credits include the Clean Technology 

ITC (30% for capital investments in renewable energy 

generation, battery storage, and zero-emission 

vehicles) and the Clean Electricity ITC (15% for non-

emitting electricity generation, including for 

provincial Crown corporations).  

All credits carry labour requirements – prevailing 

wages and a minimum 10% apprenticeship hours in 

specific trades – which if not met reduce the credit 

rate by one-third. For all Investment Tax Credits, the 

rates begin phasing down in 2032 (to 20%), 2033 

(10%), and 2034 (5%), falling to zero thereafter. With 

the Climate Competitiveness Strategy, the full 

CCS/CCU ITC rates were extended until 2035. 

 

 



adelphi study | Transforming Energy-Intensive Industries in Germany and Canada 49 

Green Industrial Facilities and Manufacturing 

Program 

Energy-efficiency and process-optimisation measures 

are supported through Natural Resources Canada's 

Green Industrial Facilities and Manufacturing 

Program (GIFMP), launched in February 2023 (NRCan 

2025c).  

The programme operates through two tracks: the 

Industrial Facility Track provides up to 50% of 

eligible costs (up to 100% for Indigenous or not-for-

profit organisations) to a maximum of CAD 5 million 

per project for facility-level retrofits – including boiler 

systems, compressed air, process furnaces, kilns, 

refrigeration, and waste-heat recovery (ibid.).  

The Energy Efficiency Solutions Track funds utilities, 

governments, and non-profits at up to 75–100% of 

costs to a maximum of CAD 20 million per proposal 

for programmes that aggregate demand across 

multiple facilities. In October 2024, NRCan 

announced CAD 40 million to Emissions Reduction 

Alberta to develop a province-wide industrial 

efficiency programme under this track (ibid.). 

Canada Infrastructure Bank 

The Canada Infrastructure Bank (CIB) is a federal 

Crown corporation established in 2017 with CAD 35 

billion in authorised capital to mobilise private and 

institutional investment in public-interest 

infrastructure (Government of Canada 2025g). Unlike 

grant programmes, the CIB provides repayable 

financing – primarily loans, but also equity 

investments and loan guarantees – to make capital-

intensive projects commercially viable. 

Budget 2022 expanded the CIB's mandate to include 

private sector-led decarbonisation projects, enabling 

investments in small modular reactors, hydrogen and 

clean fuel production and distribution, as well as 

CCS/CCU. Budget 2023 further directed the CIB to 

invest at least CAD 10 billion through its Clean Power 

priority area and at least CAD 10 billion through its 

Green Infrastructure priority area (Government of 

Canada 2022). 

Notable industrial decarbonisation financing includes 

a CAD 220 million loan to Algoma Steel to support its 

transition to electric arc furnace steelmaking, a CAD 

660 million loan to Irving Pulp & Paper for large-scale 

mill modernisation in New Brunswick, and CAD 277 

million for the Varennes Carbon Recycling biorefinery 

and electrolyser project in Que bec. By fiscal year 

2023–24, the CIB had reached approximately CAD 9.7 

billion in cumulative investment commitments, with a 

growing share directed toward clean power and clean 

energy infrastructure (ibid.). 

5.2.3.2 Provincial Programmes 

In addition to federal funding and tax incentives, 

Canada's provinces have established complementary 

programmes that recycle carbon-price revenues and 

target region-specific decarbonisation priorities. 

These initiatives vary in scale and governance but 

operate with similar aims: to lower industrial 

emissions, stimulate innovation, and adapt national 

objectives to local resource and energy contexts. 

Alberta administers its industrial innovation funding 

primarily through Emissions Reduction Alberta 

(ERA), which allocates proceeds from the provincial 

TIER carbon-compliance system to technology 

deployment in CCS/CCU, methane abatement, 

hydrogen, and process electrification. Since 2009, 

ERA has committed CAD 986 million toward 299 

projects with a combined value of CAD 8.6 billion, 

projected to deliver cumulative GHG reductions of 

37.7 Mt by 2030. Payments into Alberta's industrial 

carbon-pricing fund totalled approximately CAD 4 

billion between 2007 and 2022. Alberta has also 

launched the Alberta Carbon Capture Incentive 

Program (ACCIP), providing a 12% grant for eligible 

CCS/CCU capital costs, designed to stack with the 

federal CCS/CCU ITC (ERAlberta 2025). 

British Columbia channels carbon-price revenues 

through the CleanBC Industry Fund (CIF), which since 

2019 has invested more than CAD 244 million into 

projects that reduce industrial emissions (BC 2025). 

The fund operates through four streams: Emissions 

Performance, Innovation Accelerator, Feasibility 

Studies, and Industrial Electrification – the latter 

jointly administered with the Province’s State 

Electricity Provider BC Hydro. The Innovative Clean 

Energy (ICE) Fund has committed over CAD 124 

million since 2008 to pre-commercial clean-energy 

demonstrations. 

Que bec reinvests proceeds from its cap-and-trade 

system – which has raised more than CAD 9.9 billion 

since inception – into the Fonds d'E lectrification et de 

Changements Climatiques (FECC). Under the Plan 

pour une économie verte 2030, the province allocated 

over CAD 2.1 billion for 2022–2027 to reduce 

emissions from industry and buildings through 

electrification and energy efficiency (Gouvernement 

du Que bec 2025). 

Ontario supports industrial efficiency through the 

Emissions Performance Standards (EPS) Program, 
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which in 2024 launched the Emissions Performance 

Program to reinvest compliance payments into capital 

projects at eligible facilities. Furthermore, the 

Province’s Electricity System Operator, the IESO, 

administers the Save on Energy Industrial Energy 

Efficiency Program, offering up to CAD 5 million per 

industrial energy efficiency project, with total funding 

of nearly CAD 80 million (Ontario 2025).
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6 Conclusion and Areas for Future 

Cooperation 

Germany and Canada both rely on their industrial 

sectors as key economic pillars, though at markedly 

different scales. Secondary manufacturing accounts 

for 23% of GDP in Germany, compared with around 

10% in Canada. Their emission reduction trajectories, 

however, diverge considerably. Germany has reduced 

industrial emissions by 44% since 1990, closely 

mirroring its economy-wide progress. Canada’s 

industrial emissions have fallen by 6.5% over the 

same period – still outperforming the national trend, 

which saw overall emissions rise by 16%. Notably, 

Germany’s recent industrial emission reductions are 

fragile, as they stem largely from production declines 

triggered by the energy crisis rather than structural 

decarbonisation. 

When it comes to the transformation of industry, each 

country has distinct vulnerabilities. Germany’s 

energy-intensive industries are highly exposed to 

energy price volatilities and supply disruptions, as 

demonstrated by Europe’s recent gas price crisis. 

Canada, meanwhile, faces trade concentration risk, 

with over 80% of manufacturing exports destined for 

the United States. These differing preconditions will 

shape each country’s strategic priorities as they 

pursue industrial decarbonisation. 

This study has focused specifically on 

energy-intensive industries, which hold comparable 

economic significance in both countries. These 

sectors contribute 3.4% to national GDP in Germany 

and 2.6% in Canada, while representing around 16% 

of the industrial workforce in each country. Across 

both economies, chemicals and refining, steel and 

metals, cement and lime, and pulp and paper 

dominate the emissions profile of energy-intensive 

industries. 

The findings show that both countries have achieved 

a degree of decoupling between emissions and 

economic activity in these sectors over the past two 

decades. Since 2000, in Germany’s chemicals and 

refining sector, emissions fell by 23% while 

production increased slightly; in Canada, they 

declined by 2% as sectoral growth reached 12%. In 

steel and metals, Germany showed a 13% reduction 

in emissions with stable production levels, whereas 

Canada achieved a 31% emission reduction alongside 

a 14% contraction in manufacturing. Germany’s 

cement and lime industry reduced emissions by 23% 

while maintaining steady output, while Canada’s fell 

by 12% even as the sector expanded by roughly 60%. 

The pulp and paper industry shows a different 

pattern: in Germany, emissions rose by 26% against 

5% higher production, whereas in Canada they 

dropped by 40%, reflecting a substantial 47% 

decrease in industry output. 

In both countries, the energy-intensive industries face 

similar decarbonisation challenges. Production 

processes are largely the same – steam cracking for 

high-value chemicals, blast-furnace routes for 

primary steel, and calcination for cement and lime – 

and both countries confront the same core obstacle: 

fossil fuels serve not only as energy sources but also 

as feedstocks, making substitution particularly 

complex. To meet these challenges, incremental 

efficiency gains alone will not be sufficient. 

Instead, both countries require the deployment of 

transformative production technologies, including 

electrification, hydrogen, CCS/CCU, enhanced energy 

efficiency, circular economy approaches, and the use 

of biomass. Across all four sectors, these 

transformative technologies remain largely at the 

demonstration or early investment stage. Electric 

steam crackers, large-scale electrolysers, 

hydrogen-based steelmaking, cement CCS 

installations, and electrified paper-drying plants have 

been announced or are under construction, but few 

yet operate at commercial scale. 

Each country brings distinct strengths and resource 

endowments to this transformation. Germany 

benefits from dense industrial clusters, such as 

integrated chemical parks that enable efficient energy 

and material flows between facilities, as well as a 

highly skilled workforce and well-established 

innovation ecosystems linking industry with research 

institutions. However, Germany remains a 

resource-poor country whose energy demand 

exceeds its domestic renewable generation potential. 

To this day, it is still heavily dependent on 

price-volatile fossil fuel imports – a vulnerability 
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exposed by the post-2022 gas crisis, which triggered 

large production declines in energy-intensive 

industries, and again this year by the war in Iran and 

associated blockade of the Strait of Hormuz, although 

gas price increases have (thus far) been far less 

pronounced. 

Canada possesses several advantages for industrial 

decarbonisation. Its abundant natural gas resources, 

leading CCS/CCU initiatives, and access to 

hydroelectricity position the country well for 

production pathways based on renewable and 

low-carbon energy carriers. For example, Canada’s 

aluminium industry already operates with some of 

the lowest carbon intensities globally, benefiting from 

Que bec’s hydroelectric grid. However, fragmentation 

across provincial markets remains a structural 

weakness for domestic industry. Interprovincial trade 

continues to be hindered by regulatory 

inconsistencies, differing standards, and overlapping 

permitting regimes, while heavy trade dependence on 

the United States creates strategic vulnerabilities 

amid shifting U.S. climate and trade agendas. 

The path forward will require sustained policy 

support, significant capital investment, and 

coordination across complex industrial value chains. 

Both Germany and Canada will have to achieve 

industrial decarbonisation, while safeguarding 

competitiveness and avoiding carbon leakage. In this 

transformation, the two countries have the 

opportunity to expand their strategic partnership – 

sharing technological expertise, aligning policy 

frameworks, jointly advancing demonstration 

projects, and pursuing trade opportunities – to 

accelerate the joint progress towards industrial 

decarbonisation. Building on this study, the following 

sections outline key areas where Germany and 

Canada can deepen their cooperation. 

Stimulating demand for green industrial 

products 

Both Germany and Canada face a shared challenge: 

transformative technologies remain mostly at the 

demonstration stage because demand for low-carbon 

industrial products is still limited. Joint work on 

demand-side policy instruments – such as lead 

markets, green public procurement, and product 

quotas – could help create the offtake certainty 

needed to de-risk private investment and accelerate 

deployment. Both countries have valuable experience 

with Carbon Contracts for Difference (CCfDs), 

blended finance tools, and other incentive schemes 

that could be shared for mutual learning. Aligning 

regulatory standards, including the mutual 

recognition of certification schemes and accounting 

methodologies, would further lower trade barriers. 

Scaling CCS/CCU deployment and decarbonising 

cement production 

Canada leads in commercial-scale deployment of 

carbon capture, utilisation and storage, particularly in 

the cement sector. Heidelberg Materials’ Edmonton 

facility will become the world’s first full-scale CCS 

installation at a cement plant. Germany has recently 

adopted legislation for building CO₂ transport and 

storage infrastructure and could benefit from 

Canada’s experience in infrastructure planning, 

regulatory design, permitting, and project execution. 

Both countries would further gain from joint research 

and development on key technologies such as carbon 

capture and compression systems and CO₂ purity 

management.  

Accelerating industrial electrification 

In Canada, provinces such as Que bec have long 

powered energy-intensive industries with 

hydroelectricity, giving them deep practical 

experience in planning and investing in industrial 

electrification. Germany, by contrast, has developed 

sophisticated mechanisms for maintaining grid 

stability amid high shares of variable wind and solar 

generation. Closer bilateral exchange on integrating 

renewable energy into the electricity grid, enhancing 

flexibilization of industrial loads, and advancing 

sector coupling could generate valuable insights for 

both sides, as they pursue the electrification of 

process heat and other industrial applications. 

Advancing hydrogen cooperation 

Hydrogen cooperation represents one of the longest 

standing areas of bilateral engagement between 

Germany and Canada. Canada, with its excellent wind 

resources, remains a promising partner for Germany 

in the future supply of renewable ammonia and other 

hydrogen-based products. While current progress is 

constrained by the absence of firm offtake 

agreements – reflecting today’s price gap between 

renewable and conventional ammonia – upcoming 

support through H2Global is expected to help bridge 

this divide and enable first projects to move forward. 

Further exchanges could deepen knowledge sharing 

on domestic hydrogen scale-up – for instance 

comparing hydrogen hub development in Alberta’s 

Industrial Heartland and the Atlantic cluster with 

Germany’s hubs in North Rhine-Westphalia and 

Hamburg. Other relevant topics for exchange are grid 

infrastructure planning and repurposing, as well as 
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the alignment of hydrogen standards and certification 

schemes – specifically harmonizing the requirements 

and GHG calculation methodologies under Canada’s 

ITCs with the EU’s Delegated Acts RFNBOs. 

Decarbonising iron and steel production 

Both countries are advancing hydrogen-based direct 

reduced iron (DRI) production combined with electric 

arc furnaces (EAF) as the main pathway to 

decarbonise steelmaking. Exchanges drawing on 

projects such as Salzgitter’s SALCOS programme in 

Germany and ArcelorMittal Dofasco’s transformation 

in Canada would support shared learning and help 

reduce technical and financial risks. Cooperation on 

the development of harmonised standards and 

certification schemes for green steel could further 

improve market compatibility. 

Germany’s priority remains maintaining domestic 

iron production, making use of its industrial clusters 

and skilled workforce to keep value creation within 

the country. At the same time, Canada’s combination 

of high-grade iron ore and abundant renewable 

energy – both in the geographically proximate 

province of Newfoundland and Labrador – positions 

it as a potential supplier of green hot-briquetted iron 

(HBI). Exploring how such trade might complement 

domestic iron production could provide Germany’s 

steel industry with greater flexibility during the 

transition. 

Accelerating permitting and regulatory 

approvals 

In both Germany and Canada, long approval processes 

remain a major obstacle to industrial transformation. 

Hence, both countries have introduced new 

approaches to speed up permits for critical 

infrastructure. Germany’s LNG Acceleration Act 

showed that large energy projects can be approved 

and built within months instead of years when they 

are declared to be of overriding public interest and 

when licensing procedures are accelerated and 

simplified. Germany is now applying the same 

principle to renewable energy, grid infrastructure, 

hydrogen and CCS/CCU infrastructure.  

Canada’s Building Canada Act and its Major Projects 

Office take a similar approach, streamlining federal 

approvals for projects deemed to be in the national 

interest. To reduce administrative barriers, both 

countries could benefit from exchanging practical 

experience on how to balance faster permitting with 

environmental protection, manage legal challenges, 

and strengthen administrative capacity. Such 

cooperation would help refine their respective 

approaches to help accelerate approvals for 

transformative industrial projects. 

Strengthening cooperation on critical minerals 

Although this study has focused on hard-to-abate 

industries, cooperation on critical minerals remains 

central to the wider industrial transformation. The 

August 2025 Joint Declaration of Intent on Critical 

Minerals Cooperation commits Germany and Canada 

to strengthening supply chains for materials essential 

to renewable energy technologies, electric vehicles, 

and advanced manufacturing. The partnership could 

help diversify Germany’s raw material supply away 

from highly concentrated sources while supporting 

value-added processing and refining in Canada.
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