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Executive summary

If global warming is to be kept below 1.5°C, the Intergovernmental Panel on Climate Change 
(IPCC) has said, greenhouse gas emissions must reach net zero by mid-century. There is now 
strong momentum among financial actors to adopt net-zero targets. A recent survey of over 1,000 
pension funds and insurers found more than 90% had a net-zero target or planned to adopt one. 

However, the IPCC’s assessment is at the global scale; it is not meant to be directly translated 
into targets for specific companies or even countries. In practice, achieving the global target 
will require completely eliminating emissions from a large share of economic activity, while 
for some sectors, significant emissions may remain by mid-century. At the same time, from a 
climate justice perspective, it is widely accepted that for wealthy countries, it is not enough 
to achieve net zero – they also need to provide significant financial support for low-carbon 
development in poorer countries. 

Interpreting the meaning of net-zero targets for investors represents a special case. For 
investors, the aim is to reduce the emissions associated with the assets in their portfolios. The 
emissions intensity of an investment portfolio can be reduced quickly and significantly by just 
divesting from emissions-intensive sectors and companies and moving investments into lower-
emissions assets. However, that may have very little impact on global emissions. If investors 
want to make a more substantial contribution to the global net-zero target, they need to adopt 
approaches and practices that advance the decarbonisation of the sectors responsible for the 
largest share of emissions.

The main ways in which investors can attempt to have an impact on emissions in the real 
economy is by directly allocating capital towards low-carbon solutions and away from high-
carbon activities; encouraging companies in which they have an ownership stake (or that they 
lend to) to improve their climate performance; or investing in ways that signal to all companies 
that improved sustainability performance is rewarded and poor sustainability performance is 
punished – for instance, through higher borrowing costs. 

This report focuses on “active engagement”, where investors engage with high-emitting sectors, 
through companies in which they hold ownership stakes and with the actors to whom they 
provide debt financing, and place expectations on them to adopt new low-emissions technologies, 
practices and business models. To engage effectively, investors need to understand: 

• What high-emitting companies and sectors should be doing to decarbonise production 
processes or to shift business models;

• The policies and other system conditions necessary for companies to succeed with their 
decarbonisation strategies; and

• When sectors and companies can adopt credible transition strategies that investors can 
support, and when other strategies, such as divestment, are likely to be more impactful.

The report provides insights from sustainability experts focused on four high-emitting sectors 
– steel, cement, agricultural commodities, and oil and gas. In assessments that can be read 
independently, we highlight what investors need to know about these sectors if they really aim 
to influence them, including the decarbonisation pathways that appear most promising. Our 
analysis concludes with a set of broader lessons and questions regarding the role of investors 
in engaging with climate-intensive sectors. The rest of this executive summary is a synthesis of 
those overarching insights.



What does it take to achieve net zero?  5

Large opportunities for real-economy impact
One clear conclusion from the analysis in this report is that large, very disruptive changes must 
start to be implemented in the next decade. None of the sectors we examined has seriously 
initiated the changes needed to align with the targets of the Paris Agreement. In the oil and gas 
sector, there is a need for large and consistent annual decreases in production volumes, but 
production is currently on the rise. In the agricultural commodities sector, emissions are poised to 
increase significantly. For steel and cement, there are still no commercial-scale sites for zero- or 
close to zero-emissions production, although the first sites are under development. 

Given the nascent state of reform, investors have an enormous opportunity to influence the level 
of emissions in the real economy. To do so, they need to be willing and able to put coordinated 
pressure on companies and other actors to plan and start to implement serious decarbonisation 
transitions. Because it is so early in the process, investor engagement may not always reduce 
emissions in the near term. Our analysis suggests that what matters most is to get companies 
to commit to a long-term decarbonisation agenda – to fundamentally change their production 
systems and business models, and demonstrate that they are implementing these changes. 

Long-term transitions require immediate action 
Our analysis shows that it will take decades to fully implement new production methods, 
technologies and business models. This is most clear in the case of heavy industry, due to 
the long investment cycles of existing assets and the long processes involved in piloting and 
demonstrating new production technologies and building commercial-scale plants. In the case of 
oil and gas, drawdowns of production need to coincide with the ramping-up of low-carbon energy 
sources and electrification over several decades. The complexity of the agricultural commodities 
sector also means that many of the reforms and behaviour changes needed will take decades 
to bring about; they need to be handled with extreme care to avoid collateral social impacts. 
However, the fact that these transitions will take time to implement must not distract from the 
urgent need to start to implement changes.

The sectors we have reviewed are all critical for avoiding dangerous global warming, and none 
is close to being aligned with 1.5°C or 2°C targets. This means that investors looking to make 
an impact on the real economy must set high standards for the implementation planning of 
companies that want to be seen as frontrunners. Clearly there should also be no new investments 
in long-lived polluting assets. For heavy industry, current reinvestments and new investments 
in production technologies and infrastructure should be at least compatible with achieving 
company-level net-zero targets. In the oil and gas sector, no new investments in expanding 
aggregate production can be considered compatible with global climate targets. In the 
agricultural commodities sector, companies must commit to adopting climate-smart approaches 
at scale, both on- and off-farm, including the elimination of deforestation from supply chains. 

Engage with value chains 
The analyses of the agricultural commodities and steel and cement sectors highlight the 
importance of working with value chains. For investment in green steel and green cement to 
accelerate, there need to be buyers willing to pay the higher cost of green industrial products. If 
investors view certain industrial products as strategic to achieving real-economy impacts, they 
can help to create lead markets for green industrial products. That would entail engaging with 
sectors such as transport and construction to encourage them to choose materials with lower 
climate impacts and thus help create demand for green industrial products. 

Curbing commodity-driven deforestation requires coordinated engagement with a concentrated 
set of actors that play a central role in the value chains that cause deforestation. Similarly, 
investors can engage with companies higher up in food value chains to develop business 
models that can better incorporate the costs of sustainable production. They can also work 
to support and strengthen policies to help level the playing field and ensure that sustainable 
practices are competitive. 
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Sector-wide transitions
Investors should be careful to consider whether the strategies they adopt are incentivising 
sector-wide alignment with climate targets. It may not be enough to invest in the companies with 
the lowest emissions in a climate-intensive sector. In the oil and gas sector, we see the problem 
of companies adopting ambitious climate targets but selling off polluting assets to actors who 
will not reduce their emissions. Likewise, in the agricultural sector, companies that simply choose 
to avoid sourcing commodities from emissions-intensive regions may do little to change the 
unsustainable practices of these regions if producers can secure other buyers. What is needed 
instead is for large sourcing companies to work to improve the sustainability performance of 
agriculture in these regions. In the industrial sector, technology transfer of low-carbon solutions 
will be needed to help avoid a situation where value chains for green steel and cement remain a 
niche, without broad global adoption. 

It is also important to ensure that companies and branch organisations are supporting the 
policies needed to bring about broad transitions. In general, a key challenge is to find ways to 
engage on a sector-wide basis and help create broad incentives for sustainable practices and 
disincentives to “business as usual”. 

What are the relevant leverage points for investors?
The ability of companies to transition will often depend on a range of policy changes, new 
infrastructure development, and changes to both upstream and downstream value chains – 
all happening in parallel with their own efforts. This raises the question of whether there are 
multiple effective leverage points that investors can use to affect these system conditions. This 
is an important area for further analysis, both for investor coalitions with net-zero targets, and 
for researchers. The complexity of the changes needed in the coming decades also means that 
financial actors have to keep building their own understanding of sustainability transitions, so 
they are able to engage effectively. 

Should investors divest from the oil and gas sector, or engage with it?
The analysis of the oil and gas sector emphasises two important challenges. First, alignment with 
climate targets requires large and persistent decreases in production volumes. Second, nationally 
owned oil and gas companies account for more than half of global production and an even greater 
share of proven reserves. Investor coalitions have had some success in engaging with major oil 
and gas corporations, particularly with respect to commitments to reduce the carbon intensity 
of production. They have been less successful, however, in seeking commitments to reduce 
production levels. 

Do investors wishing to make an impact have a better chance of success through engagement, 
or by divesting from ownership shares in oil and gas and refusing to fund debt? The evidence for 
cost-of-capital impacts from divesting from publicly traded stocks does not appear to be strong, 
but can divestment reduce the social licence and blunt the political influence of the industry 
through stigmatisation? Would limiting access to debt on capital markets, or engaging with banks 
that provide finance to the sector, be more effective than divestment from equities? Given how far 
the oil and gas sector still is from alignment with the Paris targets, it appears that both investors 
and researchers need to do more to understand what the optimal strategy is. 

What kinds of sectoral targets can investors effectively aim for? 
Portfolio emissions trajectories tend to be the typical way in which investors set targets for 
themselves. For sectors and companies, targets are usually set in terms of Scope 1 and 2 and 
sometime Scope 3 emission reductions. One question raised by the sectoral analyses in this 
report is whether there is also room for targets related to the specific and concrete actions that 
need to happen to achieve sectoral transitions. For example, can investors set a target for the 
number of carbon capture and sequestration (CCS) projects initiated by cement companies? 
For the number of companies with high levels of deforestation exposure that implement new 
anti-deforestation policies? For the share of oil and gas production fields that move into planned 
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production decreases? If investors want to accelerate the decarbonisation of these sectors, 
are there advantages in combining emission reduction targets with expectations of specific 
steps that companies and other actors must take to implement new business models? This is 
an area that requires further exploration, to identify potential pitfalls and to determine whether 
financial actors could potentially work together to lay out concrete actions they expect to see in 
carbon-intensive sectors.
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1. Introduction

1 See https://www.unepfi.org/net-zero-alliance.

Financial actors are increasingly adopting ambitious climate goals in line with the Paris 
Agreement, and there is now a strong momentum to commit to reach net zero emissions by mid-
century. A recent survey of over 1,000 pension funds and insurers found that more than 90% had 
net-zero targets or planned to adopt one (Levick and Vernoit 2021). 

These commitments follow a 2018 report by the Intergovernmental Panel on Climate Change 
(IPCC) that found that keeping global warming under 1.5°C will require bringing human-
caused CO

2
 emissions to 45% below 2010 levels by 2030 and net zero by 2050 (IPCC 2018). All 

greenhouse gas (GHG) emissions will then have to reach net zero by about 2065. Achieving this 
will require drastic reductions in GHG emissions, combined with carbon removals to offset any 
remaining emissions. Carbon can be removed by enhancing natural carbon sinks (e.g. through 
reforestation), or with technologies such as bioenergy with carbon capture and sequestration 
(BECCS) or through direct air capture. 

Net zero is an aggregate level global goal for avoiding a range of destructive climate impacts. 
However, it may not be appropriate for individual companies or even countries. Indeed, if we are 
to have any chance of achieving net zero by mid-century, a large share of economic activity will 
have to fully eliminate its emissions, not just reach net zero. For some sectors, meanwhile, net 
zero may not be achievable by mid-century. From a climate justice perspective, there is broad 
agreement that wealthy countries need to go well beyond achieving net-zero and also provide 
significant financial support for low-carbon development in poorer countries (Holz et al. 2018). 

Investors represent a special case in the context of net-zero targets. This is because the core of 
investors’ targets is to reduce the emissions associated with the assets in their portfolios. The 
emissions intensity of a portfolio can be reduced quickly and significantly by divesting from 
emissions-intensive sectors and companies and moving investments into lower-emissions sectors 
and companies; however, that may have little or no impact on the emissions of high-emitting 
sectors (Heeb and Kölbel 2020). 

If investors want to contribute more substantively to achieving net zero at the global level, they 
need to adopt practices and approaches that help advance decarbonisation in the sectors that 
are responsible for the largest share of emissions. The main ways in which investors can attempt 
to have an impact on emissions in the real economy is by directly allocating capital towards low-
carbon solutions and away from high-carbon activities; encouraging companies in which they 
have an ownership stake (or that they lend to) to improve their climate performance; or investing 
in ways that signal to all companies that improved sustainability performance is rewarded and 
poor sustainability performance is punished – for instance, through higher borrowing costs 
(Kölbel et al. 2020). 

Members of the United Nations-Convened Net-Zero Asset Owners Alliance have committed to not 
relying mainly on portfolio reallocation to achieve net zero in their own portfolios. Instead, they 
aim to have an impact on the real economy by engaging with corporations and industrial sectors 
as owners and lenders and encouraging them to decarbonise their business models. They are 
also calling on public authorities to adopt the policies needed to drive the economic transition.1

For investors to make an impact through such “active engagement”, it is crucial that they 
understand what high-emitting companies should be doing, over both the short and long term, 
to decarbonise their production processes or change what they produce. They also need to have 
a clear understanding of the policies and other system conditions that need to be in place for 
companies to succeed with their decarbonisation strategies.

https://www.unepfi.org/net-zero-alliance/
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This report presents insights from experts working on the decarbonisation of four high-emitting 
sectors: steel, cement, agricultural commodities, and oil and gas. We highlight what sustainability 
experts think investors should know about these sectors, including the decarbonisation pathways 
that seem most promising, if they aim to make an impact on the real economy. Each sector 
analysis can be read independently.

The intention of this report is not to suggest that investors could bring about sectoral transitions 
independent of political leadership and the implementation of stronger climate policies. 
However, broad insights into the potential pathways for carbon-intensive sectors to radically 
cut their emissions help investors to understand what counts as a credible transition plan for 
the companies and sectors they want to engage with. A more detailed assessment of sectoral 
pathways also helps to facilitate an evidence-based discussion among asset owners on what their 
role should be in helping companies and economies to drastically cut emissions.

The report ends with a set of general lessons and questions on the role of investors in engaging 
with climate-intensive sectors, drawn from the sectoral analyses. We hope the insights presented 
here offer a useful point of departure for dialogue among investors on how they can work 
together to accelerate the transformation of our economies to reach net zero. 

1.1  Ambitious decarbonisation pathways 
The decarbonisation pathways we are concerned with in this report are step changes that 
would take sectors as close to net zero, zero or net-negative emissions as is technically and 
socially feasible over the foreseeable future. We focus here on the larger changes sectors and 
companies need to make because we are concerned with providing a basis to evaluate how the 
long-term strategies of companies may fit into a net-zero economy. However, it is important to 
recognise that incremental improvements remain extremely important for transitions that run 
over several decades.

Some economic activities cannot be fully decarbonised and residual emissions will need to be 
compensated for with negative emissions. Also, the rates at which sectors can reasonably be 
expected to decarbonise may differ between regions. However, for the purpose of our analysis we 
are largely focused on the most ambitious emissions cuts for the sectors we address given that 
there is a clear need for large portions of these sectors to adopt the most ambitious pathways 
possible. A recent UN assessment found that we are currently on track for 3°C of global warming 
this century, well beyond that Paris targets of well below 2°C and aiming for 1.5°C (UNEP 2020). 
We consider emissions directly associated with production processes, with purchased energy, 
and with upstream supply chains and downstream use of products (Scope 1, 2 and 3 emissions, 
respectively), but often focus on where the sector’s emissions impacts are the largest. 

It is important to be aware that these transitions will have consequences that must be addressed, 
such as non-climate-related sustainability impacts and effects on economic development and 
livelihoods. For the purposes of this report, we focus on sectoral decarbonisation pathways. 
However, recognising how these transitions fit into broader environmental, economic and social 
changes is key for successfully implementing net-zero targets. 
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2.  Steel and cement

The steel and cement sectors are literally the building blocks of modern infrastructure and 
will remain so for the foreseeable future. Although material substitution will play a large role in 
cutting emissions from these sectors, massive amounts of steel and cement will be needed to 
produce the buildings, infrastructure and equipment needed to provide currently underserved 
global populations with decent housing, clean water and sanitation, and modern energy services. 
However, the two sectors have a massive carbon footprint, accounting for a combined 15% of 
global CO

2
 emissions (Bataille 2020). 

There are technological solutions within reach that would allow for close to zero-emissions 
production of both materials. However, verifying that these technological solutions can be reliable 
for continuous use over many years, and deploying these solutions globally between now and 
2050, will be very challenging. 

2.1  Alignment with a 1.5°C trajectory 
According to the International Energy Agency’s net-zero scenarios, global emissions from steel 
and cement production will have to decrease by more than 90% between 2019 and 2050 in order 
to be compatible with a 50% probability of limiting global warming to 1.5°C, without a temperature 
overshoot (IEA 2021). As shown in Figure 1, already by 2030, emissions need to decrease by 25% 
for steel and by 20% for cement. 
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Figure 1. Emission reductions necessary in 2020–2050 for industry sectors to be compatible with a 50% likelihood of limiting global 
warming to 1.5°C above pre-industrial levels.

Data source: IEA (2021).

2.2 Zero-emission pathways
Discussions on how to decarbonise the cement and steel sectors typically revolve around four 
interrelated solutions: clean energy, increased energy efficiency, reduced process emissions, 
and material circularity (Energy Transitions Commission 2018). Energy efficiency solutions, such 
as better insulation and using waste heat, can reduce energy demand, meaning less energy to 
decarbonise (McKinsey & Company 2017). Material circularity can help reduce demand for new 
industrial products in the first place, and thus reduce the total process emissions that need to be 



What does it take to achieve net zero?  11

mitigated (Allwood et al. 2010; European Commission 2019). A recent study found that circular 
economy approaches could reduce CO

2
 emissions from four major industry sectors (plastics, 

steel, aluminium and cement) by 40% globally by 2050, and by 56% in developed economies 
(Material Economics 2018).

However, for both cement and primary steel production (i.e., ore-based as opposed to secondary 
steel production based on scrap), the key challenge lies is reducing emissions from internal 
processes (Scope 1). Not only do they produce the largest share of total emissions – around 50% 
for steel and above 75% for cement2 – but a large share of these emissions are from processes 
that are at the very heart of the respective industries. They cannot readily be addressed by 
switching to clean energy, for instance. For cement, the calcination process, whereby clinker 
is produced by essentially removing CO

2
 from limestone, then releasing that CO

2
 into the 

atmosphere, accounts for more than 60% of process emissions (Bataille 2020). For steel, more 
than 70% of total sectoral emissions originate from iron ore reduction in blast furnaces, wherein 
coke is used to remove oxygen from iron ore to produce pig iron, which is then further processed 
into steel (Toktarova et al. 2020). 

These processes have a very long history of being adjusted and refined, with the result that in 
state-of-the-art facilities, operational efficiencies are approaching the limits of what is practically 
achievable. This means that while there are certainly gains to be made in implementing the best 
available technologies in less advanced plants, eliminating remaining emissions will require 
massive investments in the development and deployment of new low-carbon innovations for 
existing industrial systems. While some of the technological and process innovations that form 
part of these solutions are commercially viable or in pilot stages (Bataille et al. 2018), others 
still require considerable research and development (Skoczkowski et al. 2020). Below we review 
technological options to achieve deep decarbonisation in the steel and cement sectors.

2 See Wang et al (2021) for data on steel emissions divided by scopes, and Mazars (2021) and Holcim (2021), e.g., for cement. 
3 Note though that in India, large DR volumes are used with coal as the reducing agent (Hall et al. 2020). 
4 Scrap can be used in the BF-BOF route to a certain extent as well, added either to the blast furnace or the basic oxygen furnace. 

2.2.1 Steel
In simplified terms, the global steel industry is typically divided into two segments: the primary 
route, based on iron ore, and the secondary route, based on recycling of steel scrap. By far the 
dominant production pathway in the primary route is the so-called blast furnace-basic oxygen 
furnace (BF-BOF) process, where coke – produced from coking coal – is used in a blast furnace to 
reduce – i.e., remove the oxygen from – iron ore to produce pig iron. The pig iron is further refined 
in a basic oxygen furnace, where the carbon content in the pig iron is lowered to produce steel. 
For each tonne of steel produced this way, 1.5–2.5 tonnes of CO

2
 are released into the atmosphere 

(Hasanbeigi and Springer 2019). In addition to the BF-BOF process, there is also the direct 
reduction (DR) process, where iron ore is reduced – typically using natural gas3 – in solid state to 
sponge iron. 

The secondary route is based on the remelting of steel scrap in electric arc furnaces (EAFs).4 
Largely because of problems resulting from copper contamination in steel scrap, this route was 
traditionally used mainly to make steel for products with lower quality requirements (Daehn et 
al. 2017). However, in recent decades, process improvements and increased blending of primary 
iron, predominantly DR-based, has enabled EAF producers to move into higher-quality market 
segments as well (Giarratani et al. 2006). 

Increasing the share of steel that is recycled is the most obvious way to reduce emissions, as 
steel is highly recyclable. In 2019, about 22% of global steel production was based on EAFs. 
However, there is much greater potential, as recycling in many places is hampered by poor sorting 
and contamination issues. Innovations are underway to overcome these barriers. In its net-zero 
scenario for the steel industry, the IEA projects that the share of recycled steel in total metallic 
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raw materials will increase to 46% by 2050, from 32% in 2019, largely as result of increasing 
amounts of scrap becoming available in emerging economies (IEA 2021). This means, however, 
that a majority of global steel production would still be based on iron ore in 2050. Achieving 
the massive emission reductions that are actually needed requires a shift away from current 
production methods and towards new methods. There is very little room for any unmitigated BF-
BOF plants in a global net-zero scenario. 

While several alternative iron ore-based steel production technologies have been proposed 
in recent decades, there has been little progress in terms of commercialisation. The scale and 
technological maturity of the BF-BOF process has constituted a formidable barrier to entry. The 
only real exception has been natural gas-based DRI production, which has become competitive in 
locations with very inexpensive natural gas resources (see Section 4 for further discussion of the 
problems with gas). In the past five years, however, there has been a remarkable acceleration in 
the pace of innovation in low-emissions primary steel production.

The technology options that can enable primary steel production with close-to-zero GHG 
emissions can broadly be divided into three categories: 

1. Continued use of fossil carbon as the main reducing agent, but with carbon capture and 
utilisation or storage (CCUS);

2. Hydrogen-based solutions; and

3. Direct electrolysis of iron ore, essentially using electrons as the reducing agent (ETC and 
Material Economics 2021). 

Having said this, it is important to note that the third option is an early-stage technology that has 
yet to be demonstrated beyond the lab scale. In its Iron and Steel Technology Roadmap, the IEA 
(2020a) sees deep decarbonisation of primary steel production by 2050 made possible through 
a fairly equal division among three technologies: hydrogen-based direct reduction, BF-BOF 
equipped with CCUS, and smelting reduction combined with CCUS.

Hydrogen-based direct reduction builds on the same iron ore reduction technologies that are 
currently operated commercially using natural gas, with the subsequent steel production done in 
an electric arc furnace. As it happens, in the natural gas-based DR process, the actual reduction 
is already partly done with hydrogen. Doing this with 100% H2 is technologically feasible and has 
been proven in pilot plants, but so far not commercially. For this pathway to reach close-to-zero 
emissions, the hydrogen production needs to be low-carbon. This can be means either using 
“blue” hydrogen – made from natural gas – coupled with CCS, or using “green” hydrogen, made 
via electrolysis powered by low-carbon electricity. 

Smelting reduction technology has advantages relative to BF-BOF in that it uses coal – i.e., not 
coke – as the reducing agent. Iron ore can be added as fines, not as pellets or sinter. Not only 
does this reduce the operational cost of the process, but a large portion of CO

2
 emissions are 

then concentrated in one point source, which facilitates CCUS (ETC and Material Economics 
2021). This is in contrast to BF-BOF mills, where emissions are distributed across many point 
sources, making it very expensive to reach high CO

2
 capture rates (Toktarova et al. 2020). For this 

reason, in order for BF-BOF mills to reach zero-emissions, CCS needs to be complemented with 
measures that substitute biomass for some portions of the coal and coke (Mandova et al. 2019; 
Tanzer et al. 2020). 

While the specifics of what these value chains will look like when in operation are still unclear, a 
few observations can be made. Equipping an existing BF-BOF with CCS and biomass might seem 
relatively straightforward, but it would still be a highly demanding project. Implementing carbon 
capture when there are many different point sources is complicated, and a transport and storage 
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supply chain must be in place to ensure that the captured CO
2
 stays out of the atmosphere. 

Moreover, there may also be challenges in ensuring that biomass can be sourced sustainably and 
in sufficient volumes. That said, this option is based on the same set of key assets (coke oven, 
sinter plant, blast furnace, basic oxygen furnace) at the core of current BF-BOF steelmaking, 
which means there would be no fundamental change to the existing supply chain structure. 

Smelting reduction, for its part, has been commercially implemented in a small number of 
locations, but converting BF-BOF mills to smelting reduction essentially entails a thorough 
redesign of the site. The smelting reduction process removes the need for a blast furnace 
and uses coal powder and iron ore fines, which means that no coke plant or sinter or pellet 
plant are needed either. 

Finally, though a recent BloombergNEF analysis indicates that the HDR-EAF route has potential 
for substantial cost reductions – possibly to the point where production costs could eventually 
be lower than for the traditional BF-BOF route (Li 2021) – shifting from BF-BOF to HDR-EAF will 
require substantial changes. As shown in Figure 2, going from BF-BOF to HDR/EAF will entail 
key assets being replaced, in addition to possibly introducing a rather different value chain logic 
(see Section 2.3). 

Coal

Coke plant

Blast furnace

Basic oxygen furnace

Electricity

Electrolysers

Direct reduction shaft

Electric arc furnace

Iron ore

Scrap

Casting, rolling, etc.

Figure 2. Comparison between the BF-BOF steel production process (left) and the HDR-EAF steel production processes (right).

Source: Authors’ own work.

An indication of the current direction of industry strategies can be seen in the Green Steel 
Tracker, an online tool hosted by LeadIT (the Leadership Group for Industry Transition) that 
tracks announcements of deep decarbonisation initiatives in steel production.5 While it is 
important to note that the size and characteristics of the projects in the database vary, to date 
most have built on hydrogen-based solutions. A handful use different CCUS options, and a few 
are based on direct electrolysis (Vogl, Sanchez, et al. 2021). 

5 See https://www.industrytransition.org/green-steel-tracker/.

2.2.2 Cement
After water, concrete is the most used commodity in the world (by weight): 3 tonnes per year, 
per person (Gagg 2014). Twice as much concrete is used in construction as all other building 
materials combined. Indeed, concrete is the most used manmade material on the planet, and 
demand for cement and concrete continues to grow. While decarbonisation options exist for 

https://www.industrytransition.org/green-steel-tracker/
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concrete and cement, progress has been slow, as the need to tackle both heat and process 
emissions translates into higher decarbonisation costs than in other sectors. Low-carbon or 
carbon-neutral cement and concrete requires both significant capital expenditure (capex) and 
high(er) and persistent operating expenditure (opex). Consequently, at this stage, the business 
case for carbon-neutral cement and concrete is not clear. 

For cement, important elements of achieving net-zero emissions include using low-emission 
energy for process heat – either through electrification or by fuel-switching to biomass and 
waste, reducing the content of both clinker in cement and cement in concrete, CO

2
 capture in the 

built environment, more efficient use of concrete in buildings and infrastructure, and different 
circular economy solutions. However, while those measures would bring the sector closer to 
the net-zero target, actually reaching it will likely be impossible without CCS. There are several 
potential setups through which CCS could be implemented in cement production with variations 
not just in the capture technology, but also in how process heat is generated. 

Process heat in the cement sector is now mainly generated with fossil fuels, but “alternative 
fuels” in the form of different waste streams are increasingly being used. For example, 
HeidelbergCement uses 24% alternative fuels, of which around 40% are biogenic and thus 
renewable (Mazars 2021). Individual plants may have higher shares still, with Heidelberg Cement’s 
facility in Slite, Sweden, having a biogenic fuel share around 20–30% (Cementa 2021a). According 
to HeidelbergCement, maximising the biogenic share of the fuel mix while also implementing 
CCS could enable zero-emission cement production and possibly even net-negative emissions 
(Cementa 2021b). 

Regardless of how CCS is implemented, it will entail a substantial increase in cement production 
costs, likely doubling them (Energy Transitions Commission 2018). Technological innovation can 
enable a reduction in the costs of capture, transport and storage, but this will not eliminate the 
problem that cement production with CCS will be significantly more expensive. 

2.3 Value chains
With both steel and cement, it is important to look at the full value chain when assessing the 
impact of decarbonisation costs. With cement, for instance, the significantly larger cost of 
producing cement with CCS would still only translate into about a 1% increase in the cost of 
building a structure using that cement (Rootzén and Johnsson 2017). This means that as with 
many industrial products, the cost premium for low-carbon cement production appears to be 
surmountable. More than technological progress, then, the key to making CCS as natural a 
component of cement plants as other forms of flue gas cleaning is innovation in policy-making 
and business models. Cement manufacturers will need to work with policy-makers and other 
stakeholders to get this message across and help set up regulatory frameworks and business 
practices to spread the added cost across the full value chain.

Value chain changes are also crucial for the cement sector to take full advantage of circular 
economy opportunities. In the upstream segment, alternative fuels can be sourced from a variety 
of waste streams, and the waste can be used to simultaneously recover energy and recycle the 
mineral content. Downstream, concrete can be recycled as aggregate, and the CO

2
 released 

during the cement production phase can be partially reabsorbed at the end of the value chain 
through so-called recarbonation. These technical pathways require a new industrial logic to 
create a business model that enables the reallocation of assets, integrating in ways that allows 
for more efficient processes, improved process technologies and data availability to follow CO

2
 

across the value chain, including in the use phase. 

A new value chain approach is also crucial for the steel sector. Demand for fossil fuel-free steel 
is growing substantially, with strong interest from global market leaders in sectors such as 
passenger and commercial vehicles, white goods and furniture. For instance, Volvo recently 
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announced a new partnership with SSAB and Hybrit to be fossil fuel-free by 2030. Sectors that 
purchase large volumes of steel will be under increasing pressure to decarbonise, including by 
reducing the emissions footprint of the steel they use. As with cement, the cost increases on 
end products seem manageable. The extra cost of a new car built with green steel could be 
under €300, and for a washing machine, under €20 (European Commission 2021). This means 
that several sectors have both a commercial interest in growing the market share of green steel 
and are in a good position to transfer the cost of low- CO

2
 steel to consumers (ETC and Material 

Economics 2021). 

Catalysing demand and creating lead markets for green industrial products plays a crucial role 
in demonstrating to steel producers and investors the business case for scaling up projects. 
Pressure to decarbonise and scrutiny from financial actors on sectors purchasing steel (along 
with policy action) can play an important role in creating the demand signals needed to build 
confidence and unlock investment.

BOX 1. WHERE WILL GREEN STEEL BE PRODUCED?

The commercial viability of iron reduction based on green hydrogen depends on scaling 
up manufacturing of electrolysers and reducing their cost – and, more important, on 
access to large amounts of very low-cost clean electricity. This will affect where 
different process stages are integrated (Gielen et al. 2020; Kinch 2021). For example, 
Australia is the world’s largest producer and exporter of iron ore and has vast solar and 
wind power potential. It has several options for getting involved in green steelmaking 
(Wood et al. 2020):

• Establish integrated green steel production in Australia, which can then be shipped 
to primarily Asian markets;

• Directly reduce iron ore, which can be exported and used for steel production in 
receiving countries; 

• Continue to export iron ore and add green hydrogen exports.

Which of these options turn out to be most viable depends on a host of factors, 
including transport costs and political factors. Shifting the iron ore reduction stage to 
Australia from, say, Japan or Korea also means shifting a large portion of the value 
addition and job opportunities. This is an aspect that should not be taken lightly, given 
the long history of political sensitivities around the steel industry. 

2.4 Investment cycles and decarbonisation
Given the high capital intensity and long investment cycles of industrial production sites, there 
is a window of opportunity at times of major reinvestments, where the choices made can be 
absolutely decisive for decarbonisation (Bataille et al. 2018; Nill 2003). This issue is relevant at 
a company level as well as globally. Immense volumes of CO

2
-emitting industrial capacity came 

online in China in the 2000s, which means that vast amounts of assets are due for reinvestment 
in the coming decades (Wang et al. 2019). The question of whether these reinvestments 
perpetuate GHG intensity or are used as an opportunity for switching to Paris-compatible 
solutions could determine whether global deep emission reductions can be realised. In order to 
avoid reinvestment in high-emitting, long-life assets and thereby increase the risk of prolonged 
operation with associated emissions, it is crucial that low-carbon solutions in heavy industry 
become ready and accepted as viable options to “business as usual” as soon as possible (Vogl, 
Nykvist, et al. 2021).
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One near-term option is to make larger reinvestments that may not enable zero-emissions 
production right away, but are compatible with a longer-term solution. One example is converting 
a BF-BOF steel mill to use an electric arc furnace. This does not solve the entire problem, but 
electric arc furnace steelmaking based on a mixture of scrap and direct reduced iron looks to be 
the most promising pathway to enable zero-emission steel production. Similarly, even if H-DRI 
(iron produced via hydrogen direct reduction) is currently not available at commercial volumes, 
using DRI based on natural gas still entails a substantial emission reduction relative to BF-BOF – 
though upstream methane leakage needs to be monitored carefully; see Box 2 in Section 4.1 – and 
it can then be relatively smooth to switch to DRI produced from green hydrogen as such volumes 
become available. 

2.5 Targets for 2030
Where would steel and cement companies aiming for net-zero emissions by 2050 need to be by 
2030? Obviously, the answer here will vary from context to context, but a few key overarching 
observations can be made:

1. All reinvestments in long-lived equipment or infrastructure that are not net-zero compatible 
should be out of the question by 2030. In countries that are part of the Organisation for 
Economic Co-operation and Development (OECD), the deadline should be well before then, in 
line with the effort-sharing principles of the Paris Agreement.

2. By 2030, net-zero emission value chains need to be ready for deployment. This includes 
integrated processes, infrastructure, business models and regulatory frameworks. 

3. By 2030, improvements in material efficiency need to be in place, and standards and 
codes need to have been developed to allow for the use of innovative materials and the 
establishment of up- and downstream partnerships that distribute both the costs and 
benefits of decarbonisation.

3. Agricultural commodities 

A prominent study published this year estimated that food systems are responsible for a third of 
global GHG emissions, about 18 Gt CO

2
e per year, and those emissions are rising annually in absolute 

terms (Crippa et al. 2021). China is the single largest emitter, but 27% of the total is emitted by 
industrialised countries. Almost three-quarters of food system emissions, or 24% of all anthropogenic 
emissions, are due to the combination of land use and land use change (LULUC) and production 
practices, including emissions from the production and manufacture of inputs, such as fertiliser. 

The IPCC’s 2019 Special Report on Climate Change and Land gave a similar estimate, reporting 
that 23% of global GHG emissions are associated with land use, making it the second largest 
source of emissions after the energy sector (IPCC 2019). Of those land use emissions, about 
half (11% of the total) were attributed to deforestation and the conversion of natural ecosystems 
– mostly for agriculture – and the rest directly to agricultural production, such as emissions 
from livestock and from fertiliser use. Tropical deforestation alone contributes an estimated 7% 
of global GHG emissions, and most of that – 5% of global GHG emissions, or about 2.6 Gt CO

2
 

per year – is driven by the production of agricultural and forest commodities across the tropics 
(Pendrill et al. 2019; Richards et al. 2020). 

These numbers need to be considered against the backdrop of strong evidence that the land 
sector (agriculture and forestry) offers one of the largest solutions to climate change, due both to 
the potential to reduce emissions from land use practices, and to the ability to sequester carbon 
in trees and soil (Girardin et al. 2021; Griscom et al. 2020).
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3.1 Estimating emissions from agricultural commodities 
Overall, emissions from the food sector – including production and trade in agricultural 
commodities emissions – can be divided into four categories (see Figure 3): 

1. Land use change and emissions from the conversion of native ecosystems, including from the 
removal of both above-ground and below-ground biomass. These represent about half of all 
land use emissions. 

2. Upstream emissions, including from the production of fertilisers, pesticides, seeds and 
animal feed; maintenance of animal breeding stock; and machinery, not including other 
aspects, such as the building of infrastructure, including roads, transport hubs, etc. These 
emissions are considerable, including the fossil fuel-intensive process of producing fertiliser 
(including mining of raw materials such as potash and phosphorus) and the transport of 
inputs to the farm gate.

3. On-farm emissions from agricultural practices, which, together with upstream emissions 
from farming inputs, are slightly larger, globally, than emissions from land use change. They 
account for some 39% of food system emissions, compared with 38% for land use change 
(Crippa et al. 2021). On farm emission sources are generally classified as mechanical (from 
direct farming operations) and non-mechanical (e.g. from enteric fermentation, nitrification, 
decomposition of organic matter). Agriculture produces the majority of global emissions of 
methane (CH

4
) and nitrous oxide (N

2
O), two very powerful greenhouse gases (Smith et al. 

2008). The potential for addressing mechanical-source emissions is inherently larger than 
that for non-mechanical sources, for which some emissions are unavoidable. 

4. Downstream emissions, including from food processing, transportation to consumers, 
packaging, storage, retail, consumption and waste management. Together they 
correspond to less than 20% of total food system emissions, though the energy intensity 
of downstream industrial processes has increased over time (Crippa et al. 2021). A major, 
underappreciated component of downstream emissions is in the transportation of primary 
agricultural commodities, such as soy, to import markets on the other side of the world 
(van der Loeff et al. 2018). 
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Figure 3. GHG emissions from the global food system, by stage, 2015.

Source: Redrawn from Crippa et al. (2021), with data from EDGAR-FOOD. https://ec.europa.eu/jrc/en/science-update/edgar-food.

https://ec.europa.eu/jrc/en/science-update/edgar-food
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Looking beyond the global estimates, it is important to understand the large differences in 
the breakdown of food system emission sources across countries, with strong implications 
for mitigation opportunities and climate change accountability. In industrialised countries, the 
majority of emissions come from energy use downstream in the supply chain (53%), while in 
developing countries, land use change and on-farm practices account for over 70% of total 
emissions from the food sector (Crippa et al. 2021; see also Figure 4). 

Figure 4. GHG emissions from the food system, by category and as a share of total emissions, 2015.

Source: Redrawn and adapted from Crippa et al. (2021). 

Note: The pie charts show the share of food system emissions in each country that comes from land-based activities, energy use, industry and waste. The colours on the 
map indicate the share of each country’s total GHG emissions coming from food systems. Total GHG emissions (including CO

2
, CH

4
, N

2
0 and F-gases) are expressed as 

CO
2
e, calculated using the 100-year global warming potential values (GWP-100) used in the IPCC’s Fifth Assessment Report (Myhre et al. 2013); the value for CH

4
 is 28, and 

for N
2
O, 265. 

69%

22%
6%

3%

CANADA

46%
34%

11%
9%

OECD EUROPE

47%
31%

12%
10%

CENTRAL EUROPE

46%
30%

10%
14%

RUSSIA

68%
18%

6%
8%

UKRAINE

62%
27%

3%
8%

CENTRAL ASIA

18%

56%

6%
20%

MIDDLE EAST

50%
35%

5%
10%

TURKEY

39%

44%

3%
14%

CHINA

93%

3%
1%
3%

INDONESIA

74%

15%
1%
10%

SOUTHEAST ASIA

39%

43%

3%
15%

KOREA

30%

49%

18%
3%

JAPAN

66%
22%

6%
6%

OCEANIA

67%
18%
1%

14%

INDIA

35%

33%
6%

26%

NORTH AFRICA

9%1

2%
7%

EAST AFRICA

87%

4%
9%

WEST AFRICA

92%

4%
4%

SOUTH AFRICA

86%

8%
6%

SOUTH AMERICA

85%

6%
8%

BRAZIL

72%
8%
5%

15%

CENTRAL AMERICA

52%
24%

1%
23%

MEXICO

39%

39%

16%
6%

USA

WasteIndustryEnergyLand-based

2015

< 10%
10-15%
15-20%
20-30%
30-40%
40-50%
> 50%

GHG shares 
from food system

Categories:



What does it take to achieve net zero?  19

3.2 Trends in supply and demand: implications for emissions 
reductions 

6 See also FAO statistics: http://www.fao.org/statistics/en/.
7 See Trase Insights (July 2020), “Carbon emissions vary widely between producer regions”: https://insights.trase.earth/

insights/ghg-emissions/. 

Understanding how the farming sector can transition to a lower emissions footing requires 
an understanding of recent trends and projections of future supply and demand for major 
agricultural commodities. 

Demand for agricultural commodities has grown rapidly in the past two decades. Globally, the 
consumption of food and agriculture products rose by about 48% between 2001 and 2018, 
growing twice as fast as the human population. Demand varies significantly across regions, with 
a marked shift towards Asia, which was responsible for 60% of the increase (World Economic 
Forum 2021).6 This additional growth in demand is largely tied to the expansion in the global 
middle class, which has more than doubled since 2000. Demand for key agricultural commodities 
is projected to keep growing, driven by underlying trends in economic growth, per capita 
consumption and ongoing rise in global middle class, and population growth. Even if future 
rates of demand growth are likely to be slower than the past decades for most agricultural 
commodities, the absolute demand will be larger.

For the global agricultural system as a whole, including the majority of staple crops, the latest 
OECD/FAO Agricultural Outlook projects that production will grow by about 1.4% per year, and 
87% of that projected growth will come from yield improvements (OECD and FAO 2021). Another 
7% is projected to come from multiple cropping (another form of intensification) and only 6% 
from an increase in cropland. However, absent a major shift in production practices, this level of 
intensification cannot be achieved without a commensurate increase in emissions, including from 
the use of fossil fuels (upstream, on-farm and downstream). There is limited substitution potential 
for alternatives, such as organic fertilisers or non-fossil-fuelled heavy farming machinery, in much 
of the world (see Section 4.2). 

While total crop area for most commodities has largely stabilised across much of the world, 
the same is not true for a small number of still-rapidly expanding commodities in the tropics – 
especially soy and oil palm, two of the world ś most important oil-producing crops. Much of that 
expansion is occurring directly or indirectly at the expense of native vegetation. 

3.3 Opportunities for reducing emissions
Given the enormous challenges in eliminating GHG emissions all across the economy within the 
next three decades, most mitigation scenarios envision a significant role for carbon removal 
as well (IPCC 2018). Here the agricultural sector has a particularly critical role to play. A recent 
study estimated that, in broad terms, nature-based solutions have the potential to save some 10 
Gt of CO

2
e per year, roughly half by avoiding emissions from land conversion, and half through 

enhanced carbon sinks (Girardin et al. 2021). The latter would be achieved by restoring degraded 
land and improving land management practices. 

Considering both nature and industry-based solutions, there are four broad areas in which 
agricultural emissions can be reduced: 

1. Conservation of forests and other natural ecosystems: With emissions from land conversion 
amounting to about 11% of global GHG emissions (IPCC 2019), efforts to curb deforestation 
and the loss of other native ecosystems are critical components of any attempt to keep 
global warming below 1.5°C or 2°C. Trase Earth demonstrates that from the perspective of an 
individual commodity buyer, major opportunities for emissions reductions can be achieved 
through changes in sourcing practices.7 As shown in Figure 5, patterns of deforestation are 

http://www.fao.org/statistics/en/.
https://insights.trase.earth/insights/ghg-emissions/
https://insights.trase.earth/insights/ghg-emissions/
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highly concentrated, with the carbon footprints of commodities such as soy, beef and palm 
oil sourced from the highest-deforestation regions being many times higher than the average 
levels for those commodities within individual countries. However, market bifurcation and 
leakage dynamics mean that changes to the sourcing practices and avoidance of high-risk 
regions by individual actors will not reduce overall emissions on the ground. Instead, what is 
needed is biome- and sector-wide action that also encourages committed actors (e.g. agro-
industrial companies) to invest in high-risk regions and play an active role in curbing global 
levels of deforestation and conversion. 

2. Restoration of degraded land: The Bonn Challenge estimates that there are about 350 
million hectares of degraded land that are well suited for restoration by 2030, with carbon 
sequestration potential of 1.7 Gt of CO

2
e per year.8 Adopting a systematic approach to 

selecting priority areas for restoration can ensure the delivery of substantial co-benefits 
for biodiversity conservation and job creation, while also minimising implementation costs 
(Strassburg et al. 2020). 

3. On-farm practices: Technological developments in agriculture can increase efficiency and 
yields and help avoid or limit expansion of agriculture to new areas, while also improving the 
resilience of crops and livestock to climate change. This includes changes in the management 
of farm inputs, such as reducing fertiliser and chemical use through precision agriculture; 
nitrification inhibitors; and the reduction of water, waste and energy use in farming practices – 
all of which are commonly labelled as climate-smart agriculture (Zaman et al. 2021). A range of 
nature-based solutions for farms are also available, including agro-ecological practices such 
as low/zero tillage agriculture to improve the conservation of soil organic matter, changes 
to crop rotation to minimise soil disturbance; the use of cover crops, mulch and biochar to 
conserve and increase soil organic matter; and the adoption of agroforestry. 

4. More efficient supply chains: Scope 3 emissions – emissions associated with the value 
chain of a given organisation – typically represent well over 50% of the total emissions for 
companies operating in the food sector and buying agricultural commodities (Hertwich and 
Wood 2018). Emission reductions downstream of agricultural production, including through 
transportation, processing and waste management, offer one of the most promising targets 
for action, as they are not affected by many of the same systemic social and governance 
challenges associated with agricultural production. By contrast, more well-established 
innovations in emission reductions, including in transport and energy sectors, are already 
being adopted in the downstream end of the food system, with potential to rapidly scale. 

Over time, and contingent on the development of the carbon market and emissions trading 
schemes, there are opportunities, in theory, for ecosystem service provision, including carbon 
storage, to become part of the business models of companies in the agricultural sector. This, 
in turn, could further influence the pricing of more sustainably produced commodities, with 
the potential to shift consumption patterns. However, even putting aside the still-unresolved 
debates over Article 6 of the Paris Agreement that are important for scaling up carbon finance, 
there are equity considerations as well. Carbon finance carries significant risks of exacerbating 
existing inequalities and excluding many small-scale and vulnerable farmers at the base of many 
agricultural supply chains, who are comparatively ill-equipped to access such finance. 

8 See https://bonnchallenge.org.

3.4 Barriers to reducing emissions
Reducing emissions from food systems is profoundly challenging, given the fundamental importance of 
agriculture to human well-being and socio-cultural values, the rising demand due to population growth 
and increasing per capita consumption, and the emissions intensity of increased yields, national 
security and geostrategic interests, and the impacts of climate change itself on agriculture. 

https://bonnchallenge.org
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Clearly, avoiding the conversion of forests and other natural ecosystems and changing on-farm 
practices will be critical parts of any global strategy to achieve net zero. Yet efforts to change land 
use practices arguably face more systemic social and economic challenges than interventions in 
other segments of the food system – or, indeed, in other high-emitting sectors. For instance, even if 
land-clearing can be reduced by limiting access to new agricultural land, productivity and harvest 
intensity (e.g. through double-cropping) need to increase to meet rising demand – indeed, as noted 
earlier, the OECD and FAO (2021) project that only 6% of the projected increase in agricultural 
output for 2021–2030 will come from an expansion of cropland. For many staple crops, such as 
wheat, maize and rice, there has been limited expansion – or even a decline – in total cropland since 
the 2000s.9 Yields have continued to grow for most key crops, and significant yield gaps remain, 
offering opportunities for further productivity gains, at least in theory (Folberth et al. 2020). 

Still, there are three significant caveats. First, although our understanding of the relationship 
between yield and environmental externalities in different farming systems remains poor (Balmford 
et al. 2018), in practice, further increases in agricultural productivity will, in many – but not all – 
cases, come with increasing environmental impacts. This includes higher GHG emissions, driven 
in particular by increased fertiliser use – as with nitrogen fertilisation of wheat, maize and rice 

9  See https://ourworldindata.org/grapher/cropland-extent-over-the-long-run.
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Figure 5. Greenhouse gas emissions from beef-producing regions in Brazil, 2017

Source: Trase (2020): https://insights.trase.earth/insights/ghg-emissions/. 
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https://insights.trase.earth/insights/ghg-emissions/
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production in China (Zhang et al. 2020). That, in turn, would require increased mineral extraction 
of diminishing phosphorus reserves – a critical limiting factor in agricultural intensification globally 
(Roy et al. 2016). Those reserves are also being rapidly depleted through soil erosion in many 
regions (Alewell et al. 2020). Another factor to consider is farmers’ continued dependence on fossil 
fuels for mechanical operations, given existing investment lock-ins and lack of renewable and 
electricity infrastructure in many rural areas.

The second caveat is that even where significant yield gaps may exist in theory, social, economic 
and political factors can limit the ability of farmers to exploit them in practice, resulting in evidence 
of slow-down and stagnation of yield growth in some areas (Ray et al. 2012). This contrast between 
theory and practice is perhaps most pronounced with cattle. Some parts of the sector are 
undergoing rapid intensification, while large swathes of land remain under very low productivity 
systems (Latawiec et al. 2017). Some commodities linked to ongoing deforestation are perennials, 
such as palm oil, coffee and cocoa, for which it is inherently harder to rapidly increase yields, and a 
large proportion of production is in the hands of smallholders, many of whom face systemic barriers 
to further reducing yield gaps, such as lack of access to credit and markets. They also risk of being 
marginalised by actors with more capital. 

The third caveat is that there is a growing body of evidence showing that climate change has slowed 
the potential for agricultural production in some regions, with modelling work suggesting that 
productivity is lower by as much as one-fifth relative to a counterfactual with no climate change 
effects in the last 50 years (Ortiz-Bobea et al. 2021). Increased periods of drought have significantly 
reduced harvests in some places, for instance, especially in regions where agriculture has expanded 
into more marginal regions. 

Put simply, in cases where yield growth is set to continue, these increases will be accompanied by 
increased emissions, unless there is a major shift in on-farm practices (see Section 4.1) or demand 
and consumption patterns change. In cases where yield growth remains weak, stagnant or unable 
to meet rising demand, some of the increased production will inevitably be met through further 
expansion, partly at the expense of native vegetation, including both forest and non-forest land. This 
expansion can be through direct land use change, or indirectly, when a crop substitutes another 
crop or land use, and the latter expands into natural vegetation. 

Marked increases in land area are projected for a small but increasingly important subset of mostly 
tropical commodities, such as soy, palm oil and cocoa – driven in part by exceptionally high and 
rising levels of demand (beyond what yield improvements alone can provide). In many regions of 
Latin America and Africa, land also remains abundant and cheap, given complications associated 
with land tenure. The ability of market and demand-side measures to curb vegetation clearance is 
limited by the fact that a significant amount of deforestation associated with agriculture across the 
tropics is not due to the expansion of productive land, but rather to land cleared for speculation, 
and/or land that is cleared only to be quickly abandoned. 

10 See World Bank data: https://data.worldbank.org/indicator/SL.AGR.EMPL.ZS.

3.5 Unintended consequences of emission reduction efforts
The agricultural “sector” is vastly more complex than the energy, transport or mining sectors, 
insofar as the production and trade of agricultural commodities are integral to the well-being and 
economic prosperity of billions of people. Agriculture also underpins the food security of many 
of the most vulnerable populations on earth, with some 690 million still experiencing persistent 
hunger (FAO et al. 2020). Agriculture accounts for about 27% of global employment,10 and in most 
less-developed countries, over two-thirds of the labour force is in agriculture – the overwhelming 
majority in subsistence farming.

Actions to reduce emissions will not come without a social and economic cost, at least in the short 
term. In many cases, smallholder farmers do not have access to the capital and technical support 

https://data.worldbank.org/indicator/SL.AGR.EMPL.ZS
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necessary to increase yields and add value to their products. Smallholders also often lose out to 
a process of consolidation of land ownership into the hands of a small number of individuals and 
corporations, especially when new financial incentives increase the attractiveness of farming by 
actors with capital. New regulatory and incentive measures aimed at reducing emissions can trigger 
unintended consequences for smallholders, who are generally less equipped to engage effectively 
and adapt to the new situation.

Setting aside potential social consequences, the economic cost of any transition cannot be 
underestimated, whether due to necessary investments in yield improvements, the opportunity cost 
of forgoing any further conversion of native vegetation, and the cost of restoring degraded land. 

In sum, the social impacts of any transition in the agricultural sector have the potential to be orders 
of magnitude greater than in other sectors, and extreme caution is needed to ensure that any 
emission reduction pathway accounts for these trade-offs and includes a package of necessary 
social and economic mitigation and compensation measures. This further underscores the critical 
importance of not over-relying agriculture and forests to meet the global net-zero target. It is crucial 
to reduce emissions as much as possible in other sectors as well. 

3.6 How ready is the agricultural sector for decarbonisation? 
Overall, the agricultural sector is not moving rapidly to decarbonise, but there are notable 
exceptions. As outlined in the discussion above, the scale and complexity of the agricultural sector 
and its fundamental importance for the livelihoods and food security of billions of people makes it 
immensely challenging to introduce wholesale changes on the ground. Indeed, across many criteria, 
the needle is pointing in the wrong direction. The status quo (and baseline against which progress 
needs to be measured) is highly unsustainable – characterised by increasing emissions from high-
yielding farming systems, stubbornly high deforestation and conversion rates linked to agricultural 
expansion of a small number of cash crops across much of the tropics, and ongoing degradation of 
active and abandoned farmland. 

Among large-scale agribusinesses, low margins and low demand for more sustainably produced 
agricultural commodities mean that there is little incentive, or readily available capital, for 
sustainable intensification and implementation of nature-based solutions. For many small-scale 
producers, the upfront costs of the transition are simply too high at the moment. And even in 
countries with increasingly strong climate policies, including carbon pricing, there is considerable 
reluctance to apply carbon policies stringently on agriculture (Leahy et al. 2020). 

Nevertheless, there are many opportunities for win-win solutions, using available technologies, 
with benefits for the climate as well as economic and broader environmental outcomes. If 
implemented more systematically, they have the potential to drive a marked reduction in emissions 
from agriculture. Foremost among these are climate-smart agriculture techniques (Zaman et 
al. 2021), such as curbing the massive and widespread over-application of fertilisers (Tian et al. 
2020), together with both on- and off-farm nature-based solutions such as zero-tillage agriculture 
(Mangalassery et al. 2014) and the restoration of soil organic matter and above-ground biomass on 
degraded land (Strassburg et al. 2020). 

Concerted economic investment and political action is needed to provide the necessary enabling 
conditions, incentives and regulatory frameworks to mobilise the uptake of these and other 
interventions. There are some encouraging signs across finance, business and government that 
such a mobilisation is, if not underway, at least within reach. The rising importance of environmental, 
social and governance (ESG) factors in the investment community provides one indicator, as does 
the emerging focus on the environmental impacts of trade in free trade agreements (e.g. Mercosur) 
and due diligence legislation (e.g. in the European Union). Some agribusinesses are also clearly 
paying more attention, as reflected in the increased number, scope and strength of many corporate 
sustainability commitments, including around zero-deforestation and emissions reductions. Some 
are tackling emissions linked to supply chains (Scope 3), driven by increasing transparency and 
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scientific scrutiny – such as through the Science-Based Targets Initiative.11 Ultimately, any large-
scale transition requires action not only by individual investors and companies who can reduce their 
own footprint simply by shifting sourcing and investment patterns, but by broad coalitions that 
can deliver net-positive outcomes on the ground across entire sectors. There is some encouraging 
movement in this direction, including regarding emissions linked to agriculture and food, such as the 
Coalitions of Action of the Consumer Goods Forum, as well as more industry-wide engagement by 
the finance sector (Ceres 2020). 

Achieving a major reduction in emissions in the agriculture sector requires a re-envisioning of the 
role and importance of the sector for overall human prosperity, including with regard to climate 
mitigation. One implication of this is that we cannot expect food and other farming commodities to 
remain so cheap (and a diminishing fraction of household expenditure) while also expecting them to 
be produced more sustainably. Achieving such a shift requires unprecedented levels of engagement 
by the finance sector, alongside government and business, to redirect incentives away from 
conventional practices and towards climate-smart and nature-based solutions. 

11 See https://sciencebasedtargets.org/sectors/forest-land-and-agriculture#about-the-sb-ti-flag-project.

4. Oil and gas

Oil and natural gas account for over half (55%) of total primary energy supply (IEA 2020b). 
Together with coal, they account for over three-quarters of global GHG emissions – as shown 
in Figure 6 – and close to 90% of all carbon dioxide emissions. The extraction and transport 
of oil and gas is also a major source of methane emissions, accounting for roughly 23% of all 
anthropogenic methane emissions (UNEP and CCAC 2021).

All emissions data were drawn from IEA (2019), except for land use and land use change, which 
are from the Food and Agriculture Organization of the United Nations (http://www.fao.org/faostat/
en/#data). The fraction of emissions attributed to fossil fuels within each source IEA category – 
fuel combustion, fugitive, industrial processes and product use, and other – were estimated using 

Figure 6. Fossil fuels’ share of global greenhouse gas emissions, 2015. 

Energy use    64%
Fossil fuels

76%
All other sources

24%

Energy use for fossil    3% 
fuel production    

Fugitive emissions    7%
Non-energy use & other    2%

Data source: All emissions data were drawn from IEA (2019), except for land use and land use change, which are from the Food and 
Agriculture Organization of the United Nations (http://www.fao.org/faostat/en/#data). 
The fraction of emissions attributed to fossil fuels within each source IEA category – fuel combustion, fugitive, industrial processes and 
product use, and other – was estimated using data and information from the IEA (2019) and the Emissions Database for Global Atmospheric 
Research v4.3.2 (Janssens-Maenhout et al. 2019). All non-CO

2
 gases were reported using 100-year Global Warming Potentials (GWPs) from 

the IPCC’s Fourth Assessment Report (2007).

https://sciencebasedtargets.org/sectors/forest-land-and-agriculture#about-the-sb-ti-flag-project
http://www.fao.org/faostat/en/#data
http://www.fao.org/faostat/en/#data
http://www.fao.org/faostat/en/#data
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data and information from the IEA (2019) and the Emissions Database for Global Atmospheric 
Research v4.3.2 (Janssens-Maenhout et al. 2019). All non-CO

2
 gases were reported using 100-

year Global Warming Potentials (GWPs) from the IPCC’s Fourth Assessment Report (2007).

4.1 The need to quickly wind down oil and gas production
Given the oil and gas sector’s large share of global GHG emissions, it is clear that achieving 
net zero will require a rapid wind-down of these fuels’ production, coupled with swift action 
to reduce emissions from any remaining extraction and delivery. Two recent studies provide 
important insights on how quickly these changes need to occur and the implications for 
investment in the sector. 

The Production Gap Report, a collaborative effort of UNEP and leading research institutions and 
experts, shows a large discrepancy between countries’ planned fossil fuel production and the 
global production levels consistent with limiting global warming to 1.5°C or 2°C (SEI et al. 2020). 
Figure 7 depicts the gap for oil and gas. Drawing on IPCC scenarios that meet the world’s energy 
needs under a range of socio-economic pathways (Rogelj et al. 2018; IPCC 2018), the analysis 
finds that to be consistent with a 1.5°C pathway, global oil and gas production would have to 
decline annually by 4%, and 3%, respectively, from 2020 to 2030. That translates to a 10-year drop 
of 31% for oil and 28% for gas. By 2040, oil and gas production would need to be about 59% and 
45% lower, respectively, than in 2020. (This would also require rapid and far-reaching transitions 
towards cleaner and more efficient energy use – to reach 70–85% of electricity from renewables – 
and advances in a range of low-carbon technologies.) In contrast, governments’ actual plans and 
projections for oil and gas production in 2030 – shown by the red lines in the Figure 7 – imply 2% 
annual growth for each fuel.

Figure 7. Global oil and gas production, 2015–2040, as currently planned, as implied by climate pledges, and 
consistent with a 1.5°C or 2°C pathway. 

The 1.5°C and 2°C pathways are based on the mitigation scenarios presented in the IPCC Special Report on Global 
Warming of 1.5°C (Rogelj et al. 2018). The “2°C-consistent” pathway was calculated as the median of scenarios that 
have at least a 66% probability of limiting warming to below 2°C, while the “1.5°C-consistent” pathway was calculated 
as the median of scenarios with at least a 50% likelihood of keeping warming below 1.5°C. Both pathways were further 
constrained to have limited reliance on carbon dioxide removal (CDR) deployment, given the “multiple feasibility and 
sustainability constraints” associated with these measures (IPCC 2018, p.19; SEI et al. 2020). For the 1.5°C and 2°C 
pathways, the median (blue and green lines) and 25th to 75th percentile range (shaded areas) are shown. 

Source: Reproduced from SEI et al. (2020).
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Earlier this year, the IEA released a ”net zero by 2050” pathway (NZE) for the energy sector (IEA 
2021), which it considers consistent with efforts to limit the long‐term increase in average global 
temperatures to 1.5°C. The report suggests similar levels of decline are needed for oil and gas, even 
assuming significant growth in CCUS applied to gas: production drops 54% for oil and 45% for gas 
between 2020 and 2040. Notably, under the IEA’s net-zero pathway, no new oil and gas fields are 
developed, beyond those projects already committed as of 2021. “The unwavering policy focus on 
climate change in the net zero pathway results in a sharp decline in fossil fuel demand, meaning that 
the focus for oil and gas producers switches entirely to output – and emissions reductions – from 
the operation of existing assets” (IEA 2021, p.21). Not only does this suggest an end to exploration 
activities – the IEA net-zero pathway also precludes developing any known, but still-untapped reserves.

Both of these analyses also note the need to quickly reduce Scope 1 and 2 emissions from the 
sector – that is, the methane and CO

2
 emissions associated with extracting and transporting oil 

and gas extraction. 

The implication of these 1.5°C scenario analyses for oil and gas companies is clear:

• Exploration activities should cease, and resources should be redirected to other activities.

• Investment in developing known fields should cease as well. 

• Producers should focus on rapidly reducing or sequestering emissions from existing fields and 
infrastructure and producing existing resources as cleanly as possible.

While companies need to scale up investments in methane capture, flaring reduction, CCS and 
CDR technologies, among others, as these scenarios show, such investments complement but 
cannot substitute for the overall winding down of oil and gas production. It is important to note that 
although the 1.5°C pathways indicate how fast oil and gas production need to decline globally, the 
appropriate wind-down pace for individual companies and regions will vary. It will depend factors 
such as the cost and carbon-intensity of production as well as equity considerations, such as the 
dependence of economies and communities on associated jobs and revenues and the financial and 
economic capacity to transition (Muttitt and Kartha 2020; SEI et al. 2020).

BOX 2. GAS AS TRANSITION FUEL?

Despite increasing recognition that the world’s very limited remaining carbon budget leaves 
little room to expand gas use, some continue to argue that gas is needed as a “bridge” fuel to 
a low-carbon future (Kusnetz 2020). However, more recent studies call this into question. 

Several studies have shown that methane leakage from natural gas systems is much higher 
than is often indicated in inventories (Alvarez et al. 2018; Höglund-Isaksson 2017; 
Schwietzke et al. 2016; Brandt et al. 2014). For example, Alvarez et al. (2018) found overall 
methane leakage rates of 2.3% across the U.S. gas supply chain, 60% greater than official 
estimates and comparable in warming impact to the CO

2
 emissions from gas combustion 

over a 20-year time horizon. 

Lower gas prices and higher availability also stimulate higher overall energy use and 
emissions (Chen and Xu 2019; McJeon et al. 2014). Moreover, wind, solar, battery and other 
low-carbon technologies have advanced so fast that using natural gas as a “bridge” fuel is no 
longer as necessary (Stockman et al. 2019; McGlade et al. 2018). This means that rather than 
advancing the low-carbon transition, increasing natural gas production and thus lowering gas 
prices could lead to a net increase in global emissions and potentially delay the introduction 
of near-zero-emission energy systems (McGlade et al. 2018; Zhang et al. 2016). 
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4.2 Is there movement towards production declines?
The challenge for oil and gas is fundamentally different than for the other sectors discussed in 
this report. Abundant supplies of low-carbon steel and cement will still be needed in a net-zero 
world, and obviously so will sustainably grown agricultural commodities. The same is unlikely to 
be the case for fossil fuels. 

Oil and gas companies will need to reorient their business models to produce as cleanly and 
efficiently as possible from existing fields and where appropriate, seek new areas of growth that 
leverage their assets and expertise (e.g. from offshore oil and gas to offshore wind platforms; 
developing or repurposing infrastructure to transport and store captured carbon; establishing 
hydrogen networks, etc.). As suggested by a recent Carbon Tracker Initiative report, companies 
have two strategic options: 1) a “wind-down/harvest model,” transferring cash and profits from 
existing resources to shareholders (e.g. via dividends) or 2) a “transition model”, investing in new 
areas that promise strong returns in a low-carbon world (Coffin 2021).

Observers of the fossil fuel industry have offered a variety of criteria for judging whether an oil 
and gas company is Paris-aligned. While some touch on 1.5°C alignment, specifically, most criteria 
were suggested prior to the release of the IEA NZE report, and thus may not reflect its key finding 
around the need to end the development of new oil and gas fields.

In 2019, DivestInvest issued a report that sets out five criteria for judging whether companies are 
on a managed decline pathway consistent with the Paris Agreement, building on prior work by the 
Transition Pathway Initiative (Jensen and Harrison 2019): 

1. No lobbying for policies that reduce the probability of the 1.5°C goal;

2. No exploration spending;

3. No approval or acquisition of new fossil fuel infrastructure or projects;

4. A clear plan for wind-down of fossil fuel extraction; and

5. Remuneration policies that support the managed decline of fossil fuel extraction.

At the time of writing, the report authors found no companies had met all five criteria, though 
two – Orsted and TUI – had transitioned away from fossil fuel extraction or are in the process. 
Orsted, formerly known as the Danish oil company Dong, is a prime example of a company that 
has pursued both the wind-down and transition models noted above, ending new development 
and using its historical oil and gas unit as a cash generator for its growing wind business. 

With many oil and gas companies adopting climate and, in some cases, net-zero pledges, Carbon 
Tracker Initiative and Oil Change International reviewed them against their own set of criteria for 
Paris (CTI) and 1.5°C (OCI) consistency (Coffin 2021; Tong et al. 2020). OCI found that none of 
the large oil and gas companies reviewed came close to 1.5°C alignment, noting that all continued 
to explore and approve new projects, and only Eni had set absolute emissions targets, including 
Scope 3 emissions and avoiding potential loopholes. OCI’s criteria also encompass commitments 
to end lobbying that obstructs climate solutions – which none of the companies had done. 
Earlier analysis by the Transition Pathway Initiative had also found that no European oil and gas 
companies, despite their net-zero ambitions and claims, was aligned with 2°C, let alone 1.5°C 
(Dietz, Gardiner, et al. 2020).

In July 2021, using the IEA’s NZE scenario, the World Benchmarking Alliance, in partnership 
with ADEME (The French Agency for Ecological Transition) and CDP, assessed 100 oil and gas 
companies’ targets and performance against 1.5°C pathways (World Benchmarking Alliance 2021). 
Their detailed methodology evaluated investment strategies (extent of emissions locked in by oil 
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and gas projects, as well as capex in low-carbon and carbon removal technologies), research and 
development (R&D) expenditures, management capabilities, business model, and supplier, client 
and policy engagement. Aside from two companies with little direct involvement in oil and gas 
production (Neste and Engie), no company received a good (better than C) grade. The European 
majors fared best, but even the commitments of BP, Shell and TotalEnergies – companies that 
expect declining shares of oil production – were undermined by plans to increase gas production, 
or in BP’s case, plans that to cease new oil and gas exploration only in “new countries”. Taken 
together, these assessments reinforce the conclusion that while some oil and gas companies have 
taken positive steps, none is yet close to a strategy that could be considered consistent with a 
1.5°C, or even 2°C, trajectory. 

It is important to recognise that investor-owned companies account for less than half of global oil 
and gas production, and an even smaller fraction of proven reserves. Investor-owned companies 
tend to be more nimble than national oil companies, a key asset for transitioning rapidly to new 
technologies and business models. At the same time, most lowest-cost and lowest-emissions-
intensity oil resources are held by national oil companies. This is particularly true of the Middle 
East. Notably, Saudi Aramco has signalled its intention to be “the last man standing” among 
producers as oil markets tighten. Therefore, it will be important that financial leverage is exerted 
on both private and state-owned oil and gas companies.

Legal action presents another threat to producers, particularly those based in Europe and North 
America. In May 2021, a Dutch court ruled that Royal Dutch Shell PLC must cut its GHG emissions 
– inclusive of emissions from burning the oil and gas it produces (Scope 3) – by 45% by 2030 
from 2019 levels (Joselow 2021). The landmark ruling sent shockwaves through the industry and 
set a new benchmark for the pace of transition for oil and gas companies.

One consequence of legal action and public pressure has been for companies to “offload” assets, 
particularly more problematic and high-emitting ones, to smaller, less responsible firms, as BP 
recently did in Alaska (Adams-Heard 2021). This trend could accelerate if companies elect to 
use this mechanism to meet court- or self-established emission reduction targets. Offloading 
assets should not be viewed as a legitimate way for companies to meet targets; indeed, investors 
should look to leading companies to take both credit and responsibility for cleaning up and 
decommissioning high-emitting resources, rather than selling them. 

BOX 3. WHAT ABOUT CARBON REMOVAL TECHNOLOGIES?

Many industry actors are pinning hopes on CCS and CDR as means to continue or 
expand production, but there are significant technological, ecological and social 
barriers. Even if success is rapid, will these technologies and companies be able to 
compete with clean energy technologies that are increasingly outcompeting even 
unabated oil and gas in many markets? With that in mind, independent reports tend to 
caution against oil and gas company plans that rely heavily on yet unproven 
technologies and dedicating massive land area to CDR (Coffin 2021; Tong et al. 2020; 
Jensen and Harrison 2019). 

Recent research also underscores how overreliance on CDR could weaken incentives for 
emission reductions and ultimately lead to a greater temperature increase (Grant et al. 
2021). That said, some argue that the oil and gas sectors present the best opportunities 
to commercialise CCS and CDR technologies that will be essential elements of most 
1.5°C and net-zero scenarios (Meckling and Biber 2021). 
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In summary, there are many steps that oil and gas companies should take: from ending 
exploration, new development and lobbying against climate policy, to establishing ambitious, 
comprehensive near- and long-term goals for cutting production levels and following through 
on them. However, such pathways will require dramatic and thorough changes in their business 
models, culture and management. For the time being, while some companies, particularly 
European majors such as Eni and BP, have made important advances in their goals and 
statements, it appears unlikely that any will be able to satisfy the requirements of Paris or 1.5°C 
consistency. Investors can engage with oil and gas companies to encourage them to accelerate 
their movement in this direction. It seems clear that investors serious about making a real impact 
on the production of oil and gas cannot rely only on engagement. This raises the question of 
whether divestment or other strategies that use investors’ financial leverage can be useful in 
influencing developments in the sector. 

12 See the company’s press release from 15 December 2020: https://www.heidelbergcement.com/en/pr-15-12-2020. 
13 At the time of writing, HeidelbergCement had failed to secure a permit to continue its operations at the Slite site and was 

involved in new permitting process. 
14 See http://www.hybritdevelopment.se and http://www.h2greensteel.com.

5.  Investor engagement with carbon-intensive sectors

The analyses presented in Sections 2–4 laid out the central challenges and opportunities 
for cutting emissions in sectors critical to tackling climate change. The aim was to provide a 
knowledge base that can support investors and investor coalitions as they develop strategies to 
help bring about significant emissions reductions. In this final section, we highlight some general 
lessons drawn from these assessments. We also raise a set of questions on the role of investors 
in advancing the net-zero agenda that arise from our perspective as experts in sustainability and 
sustainability transitions. 

5.1 Large opportunities for real economy impact
It is clear that very disruptive changes must start to be implemented in this decade to align high-
emitting sectors with the Paris targets – but none of the sectors we have examined has begun to 
make those changes in earnest. 

The oil and gas sector needs to quickly ramp down production, but the current trend is of 
production increases. Only a few oil and gas companies have committed to cutting production 
levels, and Carbon Tracker finds among the oil majors, that only three have committed to 
absolute reductions of production volumes, and only one without exceptions (Coffin 2021). In the 
agricultural commodities sector, meanwhile, current trends also point to significant GHG emission 
increases, driven by significant demand growth.

In the steel and cement sectors, there are still no commercial-scale sites for zero- or close to zero-
emissions production. The first industrial-scale CCS facility at a commercial scale cement plant is 
now being built by HeidelbergCement in Norway, with government support. It is expected to halve 
emissions.12 HeidelbergCement has also proposed to build the world’s first carbon-negative cement 
plant at its Slite site in Sweden, aiming to start operations by 2030, if it can obtain the necessary 
permits, electricity infrastructure and other financial support.13 For steel, there are now several 
carbon-neutral plants under development. Sweden’s HYBRIT and H

2
 Green Steel projects appear to 

be farthest ahead, aiming for commercial volumes of green hydrogen-based production by 2026–
2030.14 These are positive signs, but only represent a tiny fraction of each sector. We are clearly only 
at the very beginning stages of decarbonising cement and steel globally. 

There is thus an enormous opportunity for investors to make an impact on the real economy by 
placing coordinated pressure on companies and other actors to plan for and start to implement 

https://www.heidelbergcement.com/en/pr-15-12-2020
http://www.hybritdevelopment.se
http://www.h2greensteel.com
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serious transitions of their businesses. Government policy will also play a key role – and of course 
companies themselves have to make the key leadership decisions. Still, by incentivising and 
supporting frontrunners, investors can help lay the foundations for sector-wide implementation of 
net-zero production technologies and methods. 

Importantly, the early state of transition also means that investor engagement will not always 
result in near-term emission reductions. Our analysis suggests that what is most important is to 
get companies to commit to a longer-term agenda of fundamental change and to demonstrate 
actions to implement it. On the back of these long-term plans, investors should clearly push for 
immediate yearly incremental emissions improvements, underpinned by science-based targets 
and judged against regular milestones. 

5.2 Long-term transitions require immediate action 
The sectoral analyses shows that fully implementing new production methods, technologies and 
business models will take decades. This is particularly clear in the case of heavy industry, due to 
the long investment cycles of existing assets. It also takes a long time to pilot and demonstrate 
new production technologies and then build commercial-scale plants. In the case of oil and gas, 
drawdowns of production need to coincide with the ramping-up of low-carbon energy sources 
and electrification over several decades. The complexity of the agricultural commodities sector 
also means that many of the reforms and behaviour changes needed will take decades to bring 
about and need to be handled with extreme care to avoid collateral social impacts. Still, it is 
clearly urgent to put all four sectors on a course to decarbonisation.

Given how critical these sectors are to achieving net zero, investors looking to make an impact 
on the real economy must set a high bar for companies that want to be treated as frontrunners. 
One clear message is that there should be no new investments in long-lived polluting 
assets. New investments in old technologies risk locking us in to polluting industrial assets 
through mid-century. 

For steel and cement, current reinvestment and new investments in production technologies and 
infrastructure must at the very least be net-zero-compatible. To meet climate targets, low-carbon 
production technologies and processes also need to be ready to be scaled up to production levels 
by the end of this decade. In the oil and gas sector, no new investments in expanding aggregate 
production can be considered compatible with global climate targets. For an equitable transition, 
production in wealthy regions may need to decline even faster than global models indicate, to 
allow for slower transitions in poor regions. In the agricultural commodities sector, companies 
must commit to adopting climate-smart approaches at scale, both on- and off-farm, including the 
elimination of deforestation from supply chains. 

5.3 Engage with value chains 
The analyses of agricultural commodities and steel and cement production highlight the 
importance of working with value chains. In the area of green industrial products, the logic is 
quite straightforward: For investment in green steel and green cement to accelerate, there need 
to be buyers willing to pay the higher cost of sustainably produced materials. Clearly policy 
should play the main role in internalising the cost of carbon in industrial production and level the 
playing field between high-emitting and low-emitting producers. However, investors can also help 
create lead markets for green industrial products by engaging with sectors such as transport 
and construction. By encouraging these actors to decrease the climate impacts of the materials 
they use, investors can help create demand for green industrial products (along with improved 
material efficiency and circularity). 

A recent report from Ceres, a non-profit organisation that works to make the business case for 
sustainability, found that up to 39% of the GHG emissions from deforestation associated with 
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agricultural commodities are related to the international trade of commodities (Ceres 2020). 
Deforestation exposure is often concentrated with traders, meat-packers (beef) and palm oil 
refiners, Ceres noted. Of the 2,500 entities trading forest-risk commodities from Latin America, 
for instance, just three dozen accounted for more than half of those exports. The work of the 
Trase initiative, meanwhile, shows that most of the deforestation and land-based emissions 
associated with the production and trade of these commodities is concentrated in less than 5% of 
the localities where they are grown.15 

Coordinated investor engagement with the actors that play a central role in the value chains 
causing deforestation is key – both directly, and indirectly through their sources of financing 
(especially banks). In this context, it is important to note that rather than just encouraging 
companies to change where they source commodities, investors may often have more impact if 
they can incentivise companies sourcing commodities from regions with high deforestation to 
work with suppliers to implement more sustainable practices. 

Another fundamental challenge facing any transition in the agriculture sector is how to create a 
price premium for sustainably produced commodities. Here investors can engage with companies 
higher up in value chains to develop business models that can better incorporate these costs, 
while also working to support and strengthen policies to help level the playing field and ensure 
that sustainable practices are competitive. 

15 See the online Trase Yearbook 2020: https://insights.trase.earth/yearbook/summary/.

5.4 Sector-wide transitions
Investors should be careful to consider whether the strategies they adopt incentivise sector-wide 
alignment with climate targets. It may not be enough to invest in the companies with the lowest 
emissions in a climate-intensive sector. The oil and gas analysis, for instance, highlighted the 
problem of leakage, as companies sell off polluting assets to other actors that are not reducing 
their emissions. Likewise, in the agricultural sector, companies that simply change where they 
source commodities may do little to change unsustainable practices in emissions-intensive 
regions if producers can secure other buyers. In the cement and steel sectors, it will be important 
to avoid a situation where value chains for green materials remain a niche, without broad 
movement to change production processes globally. 

One important recommendation for investors seeking to advance sector-wide transitions is to 
push companies to fix problems with their polluting assets or supply chains, rather than off-
loading them. Another important element is to ensure that companies and branch organisations 
support the policies needed to bring about broad transitions. In general, a key challenge is to find 
ways to engage on a sector-wide basis and help create broad incentives for sustainable practices 
and broad disincentives to “business as usual”. 

5.5 What are the relevant leverage points for investors?
Active engagement is focused on companies where investors hold ownership stakes, and this is 
clearly the most direct point of leverage. However, the analyses of heavy industry, oil and gas, 
and agriculture all show that the ability of companies to transition will often depend on policy 
changes, the development of new infrastructure, and changes to both upstream and downstream 
value chains, all happening in parallel with their own efforts. Political action will of course be most 
important in ensuring the right conditions for transforming our economies. 

Identifying where investors are best placed to influence these system conditions is an important 
area for further analysis, both for investor coalitions with net-zero targets and for researchers. 
The sectoral analyses in this report demonstrate the complexity of many of the changes required. 
Financial actors will need to invest in building their own capacities and understanding of the 
issues, so they can engage effectively. 

https://insights.trase.earth/yearbook/summary/
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5.6 Investor engagement or divestment in the oil and gas sector?
The analysis of the oil and gas sector emphasises two important challenges. First, alignment with 
climate targets requires large and persistent decreases in production volumes. Second, nationally 
owned oil and gas companies account for more than half of global production and an even greater 
share of proven reserves. Investor coalitions have already had some success in engaging with 
major oil and gas corporations, particularly with respect to commitments to reduce the carbon 
intensity of oil and gas production itself. However, there has been much less success in securing 
commitments to reduce production levels (Dietz, Byrne, et al. 2020). This raises questions about 
whether investor engagement is really a viable way of getting oil and gas companies to commit 
to winding down the core of their business models and to invest in producing energy from 
renewable sources. 

Investors cannot have the same type of owner influence on nationally owned oil and gas 
companies as they do on publicly traded companies, but they do play a central role in providing 
financing to these actors through the banking sector and debt markets. Do investors with 
ambitions to have real-economy impact have a better chance of success by divesting from oil and 
gas and refusing debt funding to raise the cost of capital for the oil and gas sector or through 
engagement? The evidence for cost of capital impacts from divesting from publicly trade stocks 
(secondary markets) does not appear to be strong (Kölbel et al. 2020), but can divestment 
reduce the social licence and blunt the political influence of the industry through stigmatisation? 
Would limiting access to debt on capital markets, or engaging with banks that provide finance 
to the sector, be more effective than divesting? A clear active ownership approach is for 
investors to engage with sectors such as transport and petrochemicals to influence demand for 
oil and gas. However, given how far the oil and gas sector still is from alignment with the Paris 
targets, it appears that both investors and researchers need to do more to understand what 
the optimal strategy is. 

5.7 What kinds of sectoral targets can investors effectively aim for? 
A striking feature of the sectors reviewed in this report is the level of complexity involved in 
transitioning to net zero. Just a few of the uncertainties include which technologies will be 
economically viable and socially acceptable, how market conditions will develop and affect 
the kinds of products that will be viable as we move to net zero, and how quickly policies will 
be put in place to align our economies with global climate targets. This complexity means 
that investors aiming to make an impact on emissions in the real economy will face challenges 
in showing a direct link between their efforts and results, in setting reachable and specific 
targets for what counts as “real economy” impact, and in communicating to their stakeholders 
what types of impacts investors can reasonably be expected to achieve and where the limits 
of their influence lie. 

Portfolio emissions trajectories are the typical way in which investors set targets for themselves. 
For sectors and companies, targets are usually set in terms of Scope 1 and 2 and sometime Scope 
3 emissions reductions. One question the sectoral analyses raise is whether there is also room 
for targets related to the specific and concrete actions that need to happen to achieve sectoral 
transitions. For example, can investors set targets for the number of new CCS projects initiated 
by cement companies, the number of companies with high levels of deforestation exposure that 
implement anti-deforestation policies, or the share of oil and gas fields that start to wind down 
production? Are there advantages to be had in combining emissions targets with expectations 
of specific steps companies and other actors must take to implement new business models? 
Where should investors be cautious with this approach, and is it possible for financial actors to 
coordinate around sets of concrete actions they expect to see in carbon-intensive sectors? These 
are important questions that warrant further study. 
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