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About the project partners

– Independent consultancy 
specialising in the field of energy 
& climate change

– Long track-record of advisory on 
GHG accounting methods esp, for 
CCS and CCU (e.g. for European 
Commission and UNFCCC)

– Supported the establishment of 
policies, rules, regulations and 
guidelines across a range of 
energy & climate technologies 
and in multiple jurisdictions
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– International collaborative 
research programme est. 1991 as 
Implementing Agreement under 
the International Energy Agency 
(IEA)

– Evaluate technologies that can 
reduce greenhouse gas emissions 
derived from the use of fossil 
fuels

– Focussed on policy-relevant but 
not policy-prescriptive analysis
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Examples of expertise
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Project Overview
Aim

– Develop greenhouse gas (GHG) accounting method 
applicable to carbon dioxide (CO2) capture and utilisation 
(CCU) technologies

Approach
– Review current state-of-play and policy & regulatory issues
– Use CCU case studies to gain insight into process energy 

and carbon flows
– Adopt life-cycle analysis (LCA) perspective to look at entire 

CCU value chain emissions
– LCA approach to focus primarily on major energy and 

carbon flows; need to cut through apparent complexity
– Outcome must enhance understanding of whether, how 

and where CCU delivers GHG emissions reduction benefits
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Activities and Status
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ACTIVITY 1 – Characterising CCU (literature review)

ACTIVITY 2 – CCU facility-level GHG emissions

ACTIVITY 3 – Life-cycle GHG emission inventory

ACTIVITY 4 – GHG Accounting Approach /Guide

ACTIVITY 5 – Final Report









(Draft)

(Draft)

(In Progress)

03/2017

09/2017
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ACTIVITY 1
Characterising CCU Technologies
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What is CCU? Why is it of interest?

• Drivers for considering CCU:
– Emergence of new techniques to convert CO2 to high value products
– Concerns over CCS value-chain costs/lack of progress e.g. in Europe
– Lack of CO2 storage potential in some countries
– Enhance energy security and support renewables
– Support industrial innovation and competitiveness 

• Challenges and barriers:
– Low activation state: need for energy + catalysts = costs/emissions
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feedstock
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Carbamates
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CO2
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Formic acid

Renewable methanol
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(EOR)
En. gas recovery (EGR)
Enhanced coal bed 
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power cycles

Source: EC (2013) Implications of the Reuse of Captured CO2 for 
European Climate Action Policies. Report by Ecofys/Carbon Counts 
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Estimates of CCU mitigation potential
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Source Year Estimate (Gt/year) Time period

IPCC (SRCCS) 2005 < 1.0 Medium-term

GCCSl 2011 0.5 – 1.87 * Future

DNV 2011 3.7 None provided

Armstrong and Styring 2015 1.34 * 2030

Global CO2 Initiative/ICEF 2016 7 * 2030

* denotes CO2 demand estimate rather than CO2 abatement estimate
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Milestones for CCU (2009-2020)
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2010 2012 2014 2016 2018 2020

American Recovery & Reinvestment Act (2009) ($120 M to CCU)

Carbon Capture and 

Utilisation in the Green 
Economy

GCCSI: Accelerating 

the uptake of CCS: 

industrial use of 

captured carbon 
dioxide 

Germany (FONA) Tech. for Climate Protection: 

Chemical Processes and Use of CO2 (€100 M)

Germany (FONA): Various grants:

(1) Carbon2Chem (2) r+Impuls (3) CO2Plus 

EC: Implications of the Reuse of Captured CO2

for European Climate Action Policies

NRG COSIA Carbon XPrize ($20 M)

EU Horizon Prize for CO2 Reuse (€1.5 M)

NETL: Novel CO2

Utilization Concepts

Covestra DREAM 
production starts

Carbon8 
Aggregates 

Global CO2 Initiative 
launched (at WEF)

ERA Grand Challenge: Innovative 
Carbon Uses (C$3 M)

Skyonic Skymine 

Funding 

scheme

Publication Commercial 
plant 

KEY:

Range of ongoing activities in EU 

and US to enhance incentives for 
CCU through climate policies
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CCU developments around the world
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Global
- Main products in CCU could utilise ~7 GtCO2/yr with market of >US$800 billion by 2030 

(Global CO2 Initiative). CCU Roadmap 2.0 launched November 2017
- CO2 as possible signature ‘rough diamond’ material in circular economy (WEF/McKinsey)

United States
- Include CCU in 45Q 

Sequestration Tax Credit 
(FUTURE Act proposal) 

- Clean Power Plan includes 
CCU technologies

- Various renewable fuel 
standards already accept 
some CO2 derived fuels

Europe
- European Parliament proposed amendments to 

Phase IV of the ETS to include CCU
- Recent ECJ ruling means CCU is to be integrated 

into ETS Phase III MRR
- EU RED and FQD to include both ‘fuels of non-

biological origin’ and ‘fuels produced from waste 
streams of non-renewable origin, including 
waste processing gases and exhaust gases’

Rest of the world
- Will be interested to see how rules evolve in e.g. Japan, China and Korea.
- Could influence treatment of future carbon finance initiatives under UN Convention on 

Climate Change  
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Key Issues for policy
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 Regulators face 
challenges to 
implement planned 
rule changes

 Project aims to 
help fill these gaps

- Policy development reliant on closing gaps in the 
knowledge about how to fit CCU into schemes

- Measurement, reporting and verification (MRV) rules 
are cornerstone of inclusion, but are lacking

- Assess GHG emissions across CCU project/product 
lifecycle

- Establish GHG accounting approaches/model rules that 
take account of full lifecycle emissions, including 
different CCU technologies

- Take a case-study based approach to facility review 
through project participants, rather than desk-based 
review using generic data and CCU typologies
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Challenges for CCU GHG accounting

• Recognition difficult because apparent abatement effects occur across multiple parts 
of value chain, making them difficult to discern since they rely on assumptions about 
the inputs to fabrication and product market dynamics (i.e. assuming perfect 
substitution and displacement of incumbents). 

• Accounting is challenging because of both spatial and temporal factors, which do not 
fit easily to the typical source-based, annual reporting cycle adopted in GHG 
accounting approaches and the measurement, reporting and verification (MRV) of 
emissions ex post. 

• Reward through carbon price is complex because of the multiple parties across the 
value chain involved in delivering the full-life emission reductions that may be 
achievable. 12
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CO2 to fuels

Enhanced commodity 
production

Enhanced hydrocarbon 
production

CO2 mineralisation

Chemicals production

Algae cultivation

Renewable 
methanol

Formic acid

Photo-catalysis

Enhanced geothermal systems with CO2

Supercritical CO2 power cycles

Urea yield boosting

Methanol yield boosting

Enhanced coal bed methane (ECBM)

Enhanced gas recovery (EGR)

Enhanced oil recovery (EOR)

Carbonate mineralisation

Concrete curing

Bauxite residue treatment

Sodium bicarbonate

Polymers

Other chemical processes

Displacement 
of fossil fuel 
and/or other 
GHG benefits

Permanent 
storage

CCU category Technology / application Potential abatement effect

Improved efficiency

Temporary 
storage

Source: EC (2013) Implications of the Reuse of 
Captured CO2 for European Climate Action Policies. 
Report by Ecofys/Carbon Counts 

• Emission reduction benefits 
derive from substitution of fossil-
based alternatives on both the 
supply and demand side 
(boundary challenge)

• CCU products have variable 
lifespans (permanence challenge)
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ACTIVITY 2
CCU facility-level GHG emissions
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Facility-level Assessment 
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CCU Process
Process modifications

Process efficiencyCaptured 
(incl. DAC)

CO2

Electricity / Heat / Mechanical power

Product

Bought-in

Flue gas
(direct use)

Feedstock

Energy

Local 
renewables

Fossil 
(local or grid)

Increased 
CO2 content

Permanence

Substitution 
effects

Waste heat & 
heat from CHP

Ancillary services

Compressors Chillers ASU’sMotors/DrivesFans Other(s)

❶ Energy Balances across the process: 
Electricity and heat

❷ Carbon Balances across the process:
CO2 input, output (product) and losses

Source: EC (2015) Design of an EU Inducement Prize for CO2 Reuse. Report by Carbon Counts, UoS and ESN 
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CCU case studies
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Carbon8 Aggregates

(Avonmouth, UK)

Carbonate mineralisation 

from thermal waste

CRI George Olah plant 

(Grindavik, Iceland)

Renewable methanol 

production

Algenol Biofuels 

(Fort Myers, US)

Algae-based ethanol 

fuel production

Boundary Dam 

Weyburn project

(Canada)

Coal power + CO2-EOR

CO2-to-fuels

Covestro

(Leverkusen, Germany)

CO2-based polyether 

polyol production

TerraSync

(Owensboro, US)

Algae-based fertilizer 

production

CO2-to-chemicals

CO2 mineralisation

CO2-EOR

Scheduled 

02/2018
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CRI: Renewable methanol
• CRI ETL: methanol from direct hydrogenation of CO2

• VulcanolTM can be used as a ‘drop-in’ substitute for gasoline (EN 228) 

• George Olah (GO) (Svartsengi, nr. Grindavik) plant producing 4,000 t/year

• 2 new R&D projects planned under EU Horizon 2020 + several 
commercial-scale projects proposed (diff. H2 and CO2 sources) 

16



© 2018, Carbon Counts

CRI: Renewable methanol
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material flow

electricity input

steam input

CO2 + 3 H2 → CH3OH + H2O

CRI Emissions-to-Liquids process

CO2 input: 7,210 tCO2/year 

Plant output:  4,000 t MeOH/year

CO2 in product: 1.375 tCO2/t MeOH

GO Plant

Data as provided by B. Stefansson. European Workshop on Life Cycle Analysis for Carbon Capture & Utilisation - 6 June 2017
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Electricity consumption: 
65 MJ/kg MeOH
(low carbon grid supply)

Steam consumption:
9.7 MJ/kg MeOH
(geothermal plant)

Largest energy source is 
H2 supply (grid electricity 
for water hydrolysis):
76% of total

Steam provided to MDEA 
H2S capture process: 
8% of total  

CRI: Renewable methanol

18

CO2 supplied from 
geothermal plant 
(up to 7,210 tCO2/year)

CO2 consumed at a gross 
rate of around 1.8 tCO2 per 
t MeOH

CO2 contained in product is 
1.375 tCO2 per t MeOH: 
difference (0.425) is CO2

released by process purge 
streams - CO2 not 
absorbed during 
hydrogenation

Unit GHG intensity from 
energy use small for GO 
plant: but highly 
dependent on elec. source

Data as provided by B. Stefansson. European Workshop on Life Cycle Analysis for Carbon Capture & Utilisation - 6 June 2017
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Carbon8 Aggregates: CO2 mineralisation

• Patented “Accelerated Carbonation Technology” to manufacture high 
quality lightweight aggregate, marketed as C8Aggregate

• Utilises pure CO2 feedstock to treat industrial thermal residues from EfW

• CO2 chemically binds with the free lime components of thermal residues 
to form calcium carbonate (CaCO3), permanently storing CO2

19

• Commercial driver is EU+UK 
waste regulation: EfW 
operators avoid large charges 
imposed by landfill taxes

• Two existing facilities in UK 
(Brandon and Avonmouth); 
current plans for 5 additional 
sites in UK, and in discussions 
with operators abroad
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Carbon8 Aggregates: CO2 mineralisation

20

material flow 

electricity input

heat (exothermic) 

CO2 input: 2,600 tCO2/year 

Plant output:  80,000 t product/year

CO2 in product: 0.167 tCO2 per t
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Algenol biofuels: Algae-to-ethanol
• Algenol Biotech formed in 2006: HQ in Fort Myers, US + R&D in Berlin

• Fort Myers sites has 4.5-acre green-field facility for outdoor cultivation 
of cyanobacteria in commercial scale photobioreactors (PBRs) 

• Uses CO2 feedstock, salt-water, sunlight, electricity and nutrients to 
enable growth of proprietary algae in the PBRs for EtOH extraction

• CO2 use and displacement of gasoline achieves life-cycle GHG benefits

21
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material flow

Algenol biofuels: Algae-to-ethanol

22

electricity input

heat input 

CO2 input: 100-150 tCO2/year

Plant output:  64,000 litres/year

CO2 in product: 1.91 tCO2 per t EtOH
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Weyburn Boundary Dam: CO2-EOR
• Largest CO2 capture facility from power plant in the world (located in 

Regina, SK, Canada)

• About 860,000 tCO2/year sent to nearby oilfields (Weyburn-Midale) for 
enhanced oil recovery purposes 

• Not a CO2 ‘recycle’ technology like others; the CO2 becomes geologically 
sequestered rather than integrated into product, thus similar to CCS

• Can deliver GHG benefits through substituting more GHG intensive crude oil 
sources

23
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Summary and key findings

1. CCU activities with potential GHG benefits are currently very 
limited in scale compared to other GHG mitigation options

2. Potential GHG benefits highly dependent on circumstances
– To what extent can CCU applications be scaled-up and replicated?

3. MRV of facility-level energy and carbon flows is well 
established
– Operators are monitoring flows and understand their processes 

4. GHG reduction policy is not yet a major driver for CCU
– CCU is either at R&D demo stage, or undertaken for non-climate reasons (and 

until CO2 capture is incentivised, it represents an operational cost instead of 
an avoided cost to emitter) 

5. Most purchase CO2 from industrial gas suppliers, which 
arrives by truck
– Source is generally unknown
– CCU operator is ‘price-taker’ not ‘price setter’
– No clear link to upstream CO2 emission reduction efforts

24
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ACTIVITY 3
Life-cycle GHG emission inventory 
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Lifecycle Assessment

26
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Enhanced oil recovery (EOR)

Carbonate mineralisation

Concrete curing

Bauxite residue treatment
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Methodology

1. Two components:
A. Lifecycle GHG inventory for different CCU 

processes/products
B. GHG benefits assessment by comparative analysis of 

CCU processes/products against conventional products

2. LCA Inventory (A) provides basis for estimating GHG 
benefits (B)

3. Cradle-to-gate assessment, but including end use 
where relevant to reflect permanence concerns

4. Choice of reference case is key issue for assessing 
GHG benefits 

5. Modelling undertaken using facility data as a basis to 
assess impact of different CCU chain configurations

27
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System boundary: Lifecycle CCU process 
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FUEL PRODUCTION

POWER GENERATION

OR

INDUSTRIAL FACILITY

CO2 CAPTURE
CO2 UTILISATION

FACILITY
CCU PRODUCT USE

Flue 

Gas CO2
CCU products

Heat & Power (bought in)

GHG emissions

GHG emissions

(inefficient 

capture/vents/fugitive) GHG emissions

(vents/fugitive)

GHG emissions

(impermanent storage only)

GHG emissions

(combustion)

Boundary of Assessment

Fuel

MATERIALS SECONDARY PROCESSING TRANSPORT
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Data: Facility & End Use Emissions

• Primary data

• Collected from Activity 2

• End use emissions 
assumed based on CO2

content of product
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CO2 UTILISATION

FACILITY
CCU PRODUCT USE

CO2
CCU products

GHG emissions

(vents/fugitive)

GHG emissions

(impermanent storage only)

GHG emissions

(combustion)

 Secondary Processing

• Excluded to reduce 
complexity

• Also lack of informationHeat & Power (bought in)
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Data: Upstream Emissions 

• Secondary data

• Collected from published 
literature
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FUEL PRODUCTION

POWER GENERATION

OR

INDUSTRIAL FACILITY

CO2 CAPTURE

Flue 

Gas

GHG emissions

GHG emissions

(inefficient 

capture/vents/fugitive)

Fuel Materials & Transport
• Excluded to reduce 

complexity

• Information proprietary 
and/or not provided by 
operators

CO2
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Method: Lifecycle emission & GHG intensity 

Es,CCU =   GHG emissions from lifecycle CCU processes, sources (s):

1. Energy and fugitive emissions from fuel extraction, processing, transmission, storage and 

distribution to point of use (EEXT,CCU,t)

2. Fugitive and vented GHG emissions from CO2 capture (mass) (ECAP,CCU,t)

3. Fugitive and vented GHG emissions from CCU product manufacture (mass) (EFUG,CCU,t)

4. Direct GHG emissions from onsite heat and electricity generation (mass) (EFUEL,CCU,t)

5. Indirect GHG emissions from bought-in heat and electricity (mass) (EENERGY,CCU,t)

6. GHGs emitted upon product use (mass) (EUSE,CCU,t)

t = Selected period of time (e.g. 1 year).

31

𝐺𝐻𝐺 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠  𝐸𝐶𝐶𝑈 ,𝑡 =   𝐸𝑠,𝐶𝐶𝑈 ,𝑡

6

𝑠=1

 

Where,

𝐺𝐻𝐺 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝑚𝑎𝑠𝑠 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑢𝑡𝑝𝑢𝑡; 𝐸𝑖 ,𝑃,𝐶𝐶𝑈) =  
𝐸𝐶𝐶𝑈 ,𝑡

𝑃𝑡

 

P = Product output (mass or energy equivalent)

Where, as above plus

(Eq. 1)

(Eq. 2)
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System boundary: GHG benefits 

Two reference cases:

1. Primary Product 
(functional equivalence 
of CCU product; P1)

2. Secondary product
(functional equivalence 
of CO2 source plant 
product; P2)

Only way to make fair 
comparison

32

POWER GENERATION / 

INDUSTRIAL PRODUCTION

(P2REF)

CONVENTIONAL

PRODUCT VALUE

CHAIN (P1REF)

CCU VALUE CHAIN

1. GHG INVENTORY BOUNDARY – CCU CASE

2. GHG INVENTORY BOUNDARY – REFERENCE CASE
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Method: GHG Benefit

Data sources: secondary data

33

Reference Case GHG intensity (tGHG/PREF; Ei,P,REF) = Ei,P1,REF + Ei,P2,REF 

GHG benefit (tGHG/PCCU) = Ei,P,REF – Ei,P,CCU  

E = Emissions

i = GHG intensity (tCO2e emitted per unit product)

P = Product output in functional unit (mass or energy equivalent)

P1 = Equivalent conventional product (primary product) 

P2 = Equivalent product as produced by the CO2 source plant in the CCU case (secondary 

product) 

REF = Conventional product (mass or energy equivalent) as the Reference Case

CCU = CCU derived product (mass or energy equivalent)

Where,

(Eq. 3)

(Eq. 4)
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Method: determining functional equivalence

Two components:

1. Quantum: how much of REF products displaced by 
CCU products?

2. Source/type: which type of REF product is displaced?

Varies for P1REF and P2REF

34

CCU Product (P1REF) CO2 Source Product (P2REF)

Quantum • Products functionally equivalent
• Perfect substitution (1:1)

• Products functionally equivalent
• Perfect substitution (1:1)
• Moderated by CO2 Utilisation rate

Source/
type

• Varies by regional factors 
• Could be marginal or average 

supply source

• Same plant without CO2 capture
• Other assumptions can also be 

employed e.g. marginal or 
average supply source
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Method: CO2 Benefit Factor (for P2)

35

POWER GENERATION / 

INDUSTRIAL PRODUCTION

(P2REF)

CCU VALUE CHAIN

Isolate P2 product GHG 
intensity comparison into a 
single assessment according 
to choices about CO2 source 
and reference plant

Calculate the net CO2

benefit contained in each 
tCO2 available for utilisation
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Method: CO2 Benefit Factor (for P2)

36

POWER GENERATION / 

INDUSTRIAL PRODUCTION

(P2REF)

CONVENTIONAL

PRODUCT VALUE

CHAIN (P1REF)

CCU VALUE CHAIN

Calculate 
the relative 
“upstream” 
(P2) GHG 
Benefit

Single “CO2 Benefit 
Factor” integrated 
into product (P1) 
GHG comparison 
according to P1 CO2

utilisation rate
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Method: CO2 Benefit Factor (for P2)

37

𝐺𝐻𝐺 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 (𝐺𝐻𝐺/𝑃𝐶𝐶𝑈)  = 𝐸𝑖 ,𝑃1,𝑅𝐸𝐹  –  [  𝐸𝑖 ,𝑠,𝐶𝐶𝑈

6

𝑠=3

− 𝐶𝐶𝐴𝑃]   

 
𝐶𝑂2 𝑐𝑎𝑝𝑡𝑢𝑟𝑒 𝑏𝑒𝑛𝑒𝑓𝑖𝑡  𝑡𝐶𝑂2/𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑢𝑛𝑖𝑡 𝑜𝑢𝑡𝑝𝑢𝑡;  𝐶𝐶𝐴𝑃 =  𝑈𝐶𝑂2  ×  𝐶𝐶𝐴𝑃 ,𝐵𝐹  

𝐶𝑂2 𝑐𝑎𝑝𝑡𝑢𝑟𝑒 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐶𝐶𝐴𝑃 ,𝐵𝐹) =  
𝐸𝑖 ,𝐴𝑉

𝐶𝑖,𝐶𝑂2

 

CCAP = CO2 capture benefit (tCO2)

CCAP,BF = CO2 capture benefit factor

UCO2 = CO2 bought-in for utilisation in the CCU-derived product (tCO2/product)

Ei,AV = Avoided emissions (tCO2 per functional unit of secondary product; MWh or t product) 

Ci,CO2 = CO2 captured for utilisation (tCO2 per functional unit of secondary product; MWh or t product)

EFREF = Emission factor for a P2 reference case plant (tCO2 per functional unit of secondary product; MWh or t 

product)

Ei,CAP,CCU = Emissions intensity of the plant from where CO2 is captured for utilisation (tCO2 per functional unit of 

secondary product; MWh or t product)

Ei,EXT,REF = Emissions intensity of fuel supplied to the P2 reference case plant (tCO2e per MJ fuel consumed to generate 1 

functional unit of secondary product; MWh or t product)

Ei,EXT,CCU = Emissions intensity of fuel supplied to the plant from where CO2 is captured for utilisation (tCO2e per MJ fuel 

consumed to generate 1 functional unit of secondary product; MWh or t product)

Where,

(Eq. 7)

(Eq. 8)

(Eq. 9)

𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 (𝐸𝑖 ,𝐴𝑉) =  𝐸𝐹𝑅𝐸𝐹 + 𝐸𝑖 .𝐸𝑋𝑇 ,𝑅𝐸𝐹 − (𝐸𝑖 ,𝐶𝐴𝑃 ,𝐶𝐶𝑈 +  𝐸𝑖 ,𝐸𝑋𝑇,𝐶𝐶𝑈) (Eq. 10)
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Method: CO2 Benefit Factor (for P2)

38

EFi,REF

EFi,CAP,CCU

Ci,CCU

Ei,AV

CO2 capture benefit factor is the rate at which CO2 emissions 
are avoided for each tCO2 captured (for utilisation) 
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Method: CO2 Benefit Factor (for P2)

Advantages:

1. Improves transparency by partitioning CO2

capture benefit from other factors

2. Reduces complexity of accounting approach

3. Provides insight into impermanence issue as 
reflects both residual benefit and liability within 
each tCO2 used (and possibly re-emitted)

4. Handles the moderation of P2 CO2 utilisation rate

5. Helps to model system benefits where e.g. 
knowledge of CO2 source is incomplete

39
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Results: CO2 Capture Benefit factors (snapshot)

40

CO2 source plant

Biomass + 

capture

IGCC + 

capture

NGCC + 

capture

PC 

supercritical 

+ capture

Supercritical 

2 + capture

Ultra-

supercritical 

+ capture

R
e

fe
re

n
c

e
 p

la
n

t

Biomass

(or other RE)
1.00 -0.11 -0.11 -0.11 -0.11 -0.11

IGCC 2.12 0.82 1.86 0.62 0.63 0.77

NGCC 1.54 0.34 0.84 0.24 0.25 0.31

PC supercritical 2.19 0.88 1.99 0.66 0.68 0.83

Supercritical 2 2.19 0.88 1.98 0.66 0.68 0.82

Ultra-supercritical 2.05 0.76 1.74 0.57 0.59 0.71

CO2 capture benefit factor shows the upstream CO2 abatement effect 
embedded in each tCO2 utilised downstream

Important to note that the effect is “fixed”, even in cases of impermanence1

1 The approach relies on making a performance comparison between different P2 technologies. Therefore, 
assessment of P1 must also include such a comparison. This means that the emissions released on use of the P1 
product (impermanence) are cancelled out by the emissions from use of a P1 reference product.  
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Results: Renewable Methanol LCA GHG
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Results: Renewable Methanol GHG Benefit
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Results: Renewable Methanol Sensitivity
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Results: Renewable Methanol Sensitivity
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Results: Aggregates LCA GHG
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Results: Aggregates GHG Benefit
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Results: Aggregates Sensitivity
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Results: Algae Ethanol LCA GHG
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Results: Algae Ethanol GHG Benefit
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Results: Algae Ethanol Sensitivity
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Results: CO2-EOR LCA GHG
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Results: CO2-EOR GHG Benefit

52



© 2018, Carbon Counts

Results: CO2-EOR Sensitivity
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Conclusions

1. Large variation in the scale of GHG benefits

2. Circumstances where GHG benefit occurs can vary widely 
(based on sensitivity analysis)

3. Difficult to make comparison between different CCU 
technologies; no sensible common metric

4. Emissions from CCU and conventional product fabrication & 
use are similar; highlights that CO2 capture benefit is the 
most critical function
– Note: most CCU operators not part of integrated chain – simply buy 

CO2

5. Energy consumption, and source, a key factor for some

6. For others, the low rate of utilisation presents problems for 
scale-up
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Considerations & Next Steps

1. Lifecycle GHG assessment provides two elements for further 
consideration:

A. How to establish a systematic accounting method for CCU-derived 
products; and

B. How to develop appropriate policies and regulations for CCU 
technologies and products

2. Accounting Guidelines for use by CCU operators will be a 
useful new development

3. Since most of benefit accrues upstream in CO2 capture, there 
are implications for design of policies specific to CCU 
technology/products

4. Question remains as to which point in CCU value chain to apply 
any incentive and accounting scheme with respect e.g. 
appropriate incentives, double incentives and double counting

55



© 2018, Carbon Counts

ACTIVITY 4
GHG Accounting Guidelines for CCU Technologies
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GHG Accounting Guide
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General Approach

1. Draw on methods established in Activity 3

2. Present methods for same two components:
A. Lifecycle GHG inventory 

B. GHG benefits assessment

3. Follow PAS2050:2011 as template for (A)

4. GHG benefit method (B) included as new element for 
comparative assessment linked to (A)

5. Highlight purposes:
– To improve understanding of CCU GHG benefits

– Support policy decision making; and

– Enhance transparency and consistency of reporting
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Potential Issue / Challenge

Challenge to balance the two frames of reference

59

LCA practice

• International Standards

• General opinion that full 
product LCA is necessary 

Practicality & usefulness

• The need to resolve basic 
questions about CCU efficacy

• Policy-maker near-term needs
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Adopting an LCA product-based approach

Advantages

• Well-established 
procedures and definitions

• Cornerstone of product
GHG accounting

• Several existing guidelines 
can be drawn on

• Fits the study output to 
existing established 
approaches

• General opinion that LCA 
needed 

Disadvantages

• Rigid in approach. Has its 
own “jargon”

• Not so easy to implement at 
a project level (CCU chain 
product inter-connectivity)

• Guidelines don’t easily 
accommodate comparative 
assessments (consequential 
LCA)

• Therefore, the GHG Benefit 
method not a natural fit
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Considerations & Next Steps

1. Introduce conceptual framework to various 
stakeholders

2. Finalise v1.0 Accounting Guidelines

3. Consider options to road-test approach with a 
wider set of projects

4. Solicit stakeholder input through either existing 
working groups or new dedicated working group

5. Move towards v2.0 following wider consultation 
and road-testing
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