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This is the fifth of five reports by the ETC, setting out how to achieve a Net Zero 
economy by mid-century in energy, buildings, industry & transport
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Decarbonisation

Negative Emissions



CCUS plays a critical role in achieving Net Zero by 2050 but reliance on 
this technology is mitigated by the availability of preferable alternatives
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CCUS in the energy transition: vital but limited

CCUS is critical to decarbonizing process emissions and CO2 removals, and in 
some instances offers the cheapest pathway to decarbonization

CCUS accounts for 10-15% of total CO2 abatement in 2050 and does not mean a 
business-as-usual scenario for fossil fuels.

• Clean electrification, hydrogen and bioresources are the main engines of 
decarbonization

• Oil and coal consumption fall 90% to 2050, gas by >30%



Clean electricity, hydrogen & bioresources can decarbonize most, but not all 
of the global economy: CCUS has a role to play in addressing the remainder

Final energy mix in a zero-carbon economy – illustrative scenario
Ej/year

SOURCE: SYSTEMIQ analysis for the ETC (2020); IEA (2019) World Energy Outlook 4
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Even ambitious decarbonisation scenarios overshoot the carbon budget : 
carbon dioxide removals (incl. CCUS) are needed to address the overshoot
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Overshoot gap under two decarbonisation pathways

I f accelerated action isn’t 

taken in the next decade 

the carbon budget 
‘overshoot gap’ could 

more than double

Accelerated action shifts 

the curve down

• Scenario B incorporates additional carbon 

reductions that could be achieved through 

early coal closure and ending deforestation 
sooner, and includes more significant 

improvements to energy productivity that 
lower overall energy demand.

Gt CO2 Cumulat ive, Global

NOTES: Carbon budget refers to maximum cumulative emissions av ailable in order to keep temperature increases from exceeding 1.5oC by 2050
SOURCES: SYSTEMIQ analysis for the ETC based on: IEA (2017), Energy Technology Perspectives;  IEA (2020), Energy Technology Perspectives; IPCC (2021) Climate Change 2021: The Physical Science 
Basis

Annual emissions for two decarbonisation pathways



BECCS and DACCS have a role to play in lowering atmospheric CO2

concentration through negative emissions
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Notes: The analysis was designed to avoid potential double-counting of emissions reductions, and is adjusted from annualised average potential estimates for 2020-2050 period. The models reflect land 
use & management changes, yet in some instances can also reflect demand-side effects from carbon prices, so may not be defined exclusively as ‘supply-side’. (1)  ‘Blue Carbon’ is defined as ocean-
based biomass sequestration including mangroves, seagrasses, and tidal marshes. (2) Improved management solutions have been a djusted for feasibility on a country-by-country basis. Overall average 
reduction is ~50%. 
Source: SYSTEMIQ analysis for the ETC (2021), based on Roe et al. (2021), Hannah et al. (2021), Griscom (2017), ETC (2021) Bioresources for a Sustainable Net -Zero Economy, High Level Panel for Oceans 
(2020)



The rationale underpinning CCUS technology deployment varies between 
sectors
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POWER

CEMENT

HYDROGEN

IRON & STEEL

FOSSIL FUELS &
PETROCHEMICALS

Dispatchable generation capable of balancing grids or providing low 
carbon electricity in regions where renewable capacity is constrained

~60% emissions from cement production arise from process and therefore 
cannot be eliminated through low carbon energy

Decarbonization of process emissions from fossil fuel (LNG & refined oil products) 
and petrochemical production 

Blue hydrogen is likely to be competitive with green until ~2030 in most 
regions – possibly later in regions with abundant cheap natural gas

Depending on local resource endowments CCUS may be the cheapest option 
for decarbonizing iron & steel production



The ETC Base Scenario sees just under 7 GtCO2 captured per annum by 2050; 
slower progress in demand side measures would necessitate c.10GtCO2/year
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NOTES: Fossil Fuel Processing refers to natural gas processing, refinery operations and high v alue chemicals production.  Blue Hydrogen includes ammonia production.

SOURCE:  SYSTEMIQ for the ETC (2022)

CO2 captured by sector in Base scenario 
GtCO2/year

6.9

High Deployment Base

10.1

DACC

BECC

Cement

Blue Hydrogen

Iron & Steel

Fossil Fuel Processing

Fossil Power

5

0

1

2

3

4

6

7

2025 205020302020 20452035 2040

Scenarios for CCUS volumes in 2050 – by source of capture 
GtCO2/year



The CCUS value chain can be broken down into three distinct stages: 
capture, transport and end-of-life which can entail either storage or utilisation
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The CCUS value chain

SOURCE: SYSTEMIQ analysis for the ETC (2022)



Emissions captured from fossil combustion and industrial processes can 
deliver carbon neutrality or improved carbon efficiency
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NOTES: Materials Circularity requires that the carbon molecules re recov ered and reused.  This can be achieved up to a point through mechanical recycling although this often limits future application options.  Alternatively, 
chemical recycling or pyrolysis in conjunction with CCU can theoretically provide virgin quality feedstock with low emissions.  However, these processes are highly energy intensiv e and can result in declines in feedstock v olumes.  
See SYSTEMIQ (2020) Breaking the Plastic Wave.

SOURCE: SYSTEMIQ analysis for the ETC (2022)

Ultimate emissions of CO2 from point source fossil and industrial processes



Emissions captured via DACC & BECC can yield negative emissions
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Ultimate emissions of CO2 from bioresources and DACC

SOURCE: SYSTEMIQ analysis for the ETC (2022)



The impact CCUS has on atmospheric carbon dioxide concentration levels is 
a function of the source of the CO2 and its end of life treatment 
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NOTES: Volume show n refer to Base Scenario in w hich demand side measures are fully  implemented. Fossil Fuel Processing includes natural gas processing, oil products refining and product ion of high value petrochemicals (methanol, ethy lene, propy lene, but adiene, 

benzene, toluene, x y lene and BTX). EOR = enhanced oil recovery . CCU = carbon capture and ut ilizat ion. CCS = carbon capture and storage. DACCS = direct air carbon capture and storage. DACCU = direct air carbon capture and ut ilizat ion. BECCS = bioenergy  w ith 

carbon capture and storage. Note that the majority  of point source CCS emissions w ill come from fossil processes and combust ion.  Fossil in the source bar includes process emissions

SOURCE: SYSTEMIQ for the ETC (2022)

CCUS volumes in 2050 under Base scenario
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Energy required is the key determinant of cost of capture and declines with 
CO2 concentration
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Capture



Estimates of cost of CO2 capture vary widely

Capture



Pipelines are the cheapest option for large volumes over short distances; 
ships are more competitive over long distances and with smaller volumes
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Offshore CO2 shipping & pipeline costs by volume
$/tCO2

NOTES: Assumes a distance of 1,000km

SOURCE: IEA (2020) CCUS in clean energy transition.

Comparison of CO2 shipping vs. offshore pipeline 
$/tCO2

NOTES: Assumes a capacity of 2 MtCO2/year.
SOURCE: IEAGHG (2020) The Status and challenges of CO2 Shipping Infrastructure.
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The process of storing CO2 is broken into injection, containment, trapping and 
plugging
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Storage



Median estimates of global storage capacity exceed 25,000 GtCO2: enough 

to store over a century’s worth emissions at today’s levels
Range of estimated practical onshore and offshore geological storage capacity
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Most carbon capture and utilization applications cost more than CO2 storage
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CCU supply cost curve
$/tCO2 Utilisation



The majority of CO2 utilised in EOR comes from naturally occurring subsurface 

reservoirs
Utilisation



Net CO2 emissions from oil produced via EOR vary according to where the CO2 is sourced 
from and the ratio of CO2 injected to oil recovered

CO2 emissions from EOR by recovery source and intensity
kgCO2/bbl

Exhibit: 29 Exhibit: 20

Utilisation



Carbon capture is necessary to decarbonise cement, aviation chemicals, and is likely to 
play a role in several other hard-to-abate sectors; role in power and EOR is less vital
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Note: Shipping and chemicals would require carbon capture in the process of making blue hydrogen for inputs. Both chemicals and aviation would make use of CO2 as an input to make chemical 
products or sustainable aviation fuels. Cement would make use of carbon capture for process emissions, and would make use of CO2 in mineralisation or recarbonation processes. Steel would make 

use of carbon capture for process emissions. Aluminium and the power sector would make use of carbon capture for emissions fr om power generation. Enhanced oil recovery would make use of CO2

to increase rates of extraction. We do not show sectors where the ETC does not see any feasible role for CCUS, for example in trucking.
Source: Systemiq analysis for the ETC
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What is required between now and 2030 in order to deliver 7GtCO2 CCUS 
capacity by 2050?
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• Focus on efficiency and capture rates for high TRL 

• Proof of concept and demonstration for low TRL

• 0.8 GtCO2/year of capture across a suite of technologies by 2030

• Active carbon capture at around 340 sites

• 90%+ capture rates

• 5 GtCO2 storage capacity by 2035, 

• 0.5 GtCO2/year being injected in 2030,

• At least 100 CCS hubs in operation around the world

• Investment increases from  $3bn p.a. today to ~$70bn p.a. by 2030Finance

Innovation

Transport &
Storage

Capture
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Global CCUS project cancellations peaked in the mid-2010s but the pipeline 
is recovering sharply in the early 2020s



Challenging economics, technical problems, a lack of coordination and 
public opposition held back CCUS deployment in the previous decade
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Policy makers’ understanding of the role CCUS can and should play in the 
energy transition has evolved since the start of the 21st century

25Source: SYSTEMIQ  for the ETC (2022)



Over 300 new capture projects are likely required by 2030
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High TRL sectors such as power, fossil processing and blue hydrogen drive 
capacity installations in the 2020s and 30s. 
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CO2 captured by sector
GtCO2/yr

CO2 captured by TRL
GtCO2/yr



Average annual CAPEX reaches $300bn per annum in the late 2040s. 
Cumulative CAPEX is projected between $3tn - $5tn
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Technology specific support should gradually decline as technologies 
mature; carbon pricing, standards and mandates can remain indefinitely
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Government, industry and finance have a role to play

30Footer



CCUS: Our scenarios require approximately 7-9 Gt of CCS by mid-century, in 
the same range as previous estimates
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Note: total captured emissions include both utilized carbon and carbon that is permanently stored. 

ETC (2022) scenarios, which pre-

dated MPP pathways and new 
power modelling, suggested 7-

10 GtCO2/year in 2050. 

Small increases in use of CCUS in 

cement, steel and aluminium 
have been offset by decreases 

in power and chemicals.



Significant incentives in the US, UK, and Norway are increasing the 
commercial viability of many CCUS projects
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CCUS policy and projects are advancing
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The CCUS project pipeline growing fast; but despite impact of the IRA,
projected 2030 capacity just a third of what’s required in the ETC’s scenarios
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ETC - HighHistoric BNEF IEAETC - Low

Note: 1. IRA = Inflation Reduction Act,
Source: ETC (2022) Mind the Gap report, BNEF (2022) CCUS Market Outlook; IEA (2023), Operational and planned capture capacity, BCG (2023), Im pact of IRA, IIJA, 
CHIPS, and Energy Act of 2020 on Clean Technologies

Total Carbon Capture Utilisation and Storage (CCUS) capacity to 2030 
MtCO2 p.a. 

350 – 475 

MtCO2 p.a. 
shortfall 

compared to 
ETC milestone

Projected capacity will 

increase 6-fold to 2030

c. 30% of capacity 

addition to 2030 has been 
announced post IRA1
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