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Relationship to Approved or Pending Methodologies 

Approved and pending methodologies under the VCS Program and approved GHG programs which fall 
under the same sectoral scope were reviewed to determine whether an existing methodology could be 
reasonably revised to meet the objective of the proposed methodology. Four methodologies were 
identified under the same sectoral scopes. A fifth methodology, AM0027, was reviewed and falls in 
Sectoral Scope 5.These are set out in Table 1 below. No other similar methodologies under the VCS or 
any other approved GHG program are applicable to project activities which capture and use greenhouse 
gases to produce concrete, and thus no existing methodology can be reasonably revised to meet the 
objective of this methodology.  

Table 1: Similar Methodologies 

Methodology Title GHG 
Program 

Comments 

VM0030 Methodology for Pavement 
Application using Sulphur 
Substitute, v1.0 

VCS Not applicable to project activities 
that utilize waste CO2 to 
manufacture concrete.  This 
methodology uses sulphur 
substitute.  

VM0031 Methodology for Precast Concrete 
Production using Sulphur 
Substitute, v1.0  

VCS Not applicable to project activities 
that utilize waste CO2 to 
manufacture concrete.  This 
methodology uses sulphur 
substitute.  However, this 
methodology accepts the general 
premise that less cement production 
means lower emissions, an 
important concept for this proposed 
methodology 

AM0027 Substitution of CO2 from fossil or 
mineral origin by CO2 from 
renewable sources in the production 
of inorganic compounds 

CDM Applicable only to projects that 
produce inorganic compounds 
where fossil or mineral sources of 
CO2 are presently used as an input 
and where renewable sources of 
CO2 are available as a substitute 
input in the project activity case.  The 
initial project for this methodology 
produced sodium and ammonium 
bicarbonates in a process that was 
integrated into a renewable biomass 
plant.  The processing of biomass 
and the renewable energy 
component are specifically listed in 
the applicability criteria, which is not 
the case with the proposed 
methodology.  In addition, the 
sodium bicarbonate may not be 
permanently sequestered, which is a 
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requirement for this proposed 
methodology. 

AMS-III.BA Recovery and recycling of materials 
from E-Waste  

CDM Provides precedent for determining 
emission reductions from the 
displacement of production of 
conventional materials. 

ACM0015 Emission reductions from raw 
material switch in clinker production 

CDM Not applicable to project activities 
that utilize waste CO2 to 
manufacture concrete.  However, 
this methodology deals with 
reducing cement content and adding 
other materials, such as fly-ash.  It 
should also be noted that the use of 
supplemental cementitious materials 
(SCM) that can generate credits in 
other offset protocols cannot count 
towards carbon credits in this 
proposed protocol. 
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1 SOURCES 

This methodology is informed  by the following methodologies: 

• CDM methodology AMS-III.BA, “Recovery and recycling of materials from E-Waste”, 
v2.0; 

• VM0031, “Methodology for Precast Concrete Production using Sulphur Substitute”, v1.0; 
and 

• “Methodology for Greenhouse Gas Capture and Utilization in Plastic Materials”, under 
development with the VCS Program. 

2 SUMMARY DESCRIPTION OF THE METHODOLOGY 

This methodology is globally applicable to project activities that capture waste CO2, which would 
have otherwise been emitted into the atmosphere, and utilize that gas as a feedstock in the 
production of concrete.  The intent of these project activities is to reduce greenhouse gas (GHG) 
emissions by producing a type of concrete that (a) sequesters CO2 into the material itself, which 
has the additional benefit of (b) manufacturing a product that requires less portland cement.  The 
sequestering of CO2 lowers emissions by taking gas that would have otherwise been emitted and 
capturing, compressing and transporting it to a site where it can be embedded into the concrete 
itself.  Lowering the amount of cement required in that concrete further reduces emissions 
because cement production is highly energy and carbon intensive.  A unit of cement not required 
as a result of the project activity thus results in lower emissions.  

Additionality and Crediting Method 

Additionality Activity Method 

Crediting Baseline Project Method 

3 DEFINITIONS 

In addition to the definitions set out in VCS document Program Definitions, the following 
definitions apply to this methodology: 

Cement 
Portland cement, portland limestone cement, or blended cement. Blended cement also 
includes supplementary cementitious materials. 

Clinker 
Clinker is a dark grey nodular material made by heating ground limestone and clay at a 
temperature of about 1400 °C - 1500 °C. The nodules are ground up to a fine powder to produce 
cement, with a small amount of gypsum added to control the setting properties.  
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Concrete  
A material comprised principally of coarse aggregates (e.g., sand, gravel), portland cement, 
and possibly supplementary cementitious materials that hardens upon addition of water and 
following a curing process to form a stone-like substance.   

Feedstock  
The CO2 captured as part of project activities to be used along with other materials to produce 
concrete.  

Mix Design  
The masses of ingredients, including cement, sand, gravel, aggregate, water, and any other 
additives used by a project proponent to produce a unit of concrete of a given type and 
compressive strength. This mix design could be used in the project activity and would then 
be referred to as the project mix design. In addition, the mix design could be what would 
have occurred in the absence of the project activity, which is then referred to as the baseline 
mix design. The baseline mix design is determined in order to assess how much cement 
would have been used in the baseline scenario. 

Portland Cement  
A hydraulic cement powder made by grinding a clinker comprised of calcinated limestone 
and other secondary ingredients, including up to 5% limestone. 

Supplementary Cementitious Material  
Material that that is a waste by-product of another industrial process and that contributes 
to the properties of hardened concrete without the need for additional thermal processing 
or calcining. Examples include fly ash, slag cement, and silica fume. 

4 APPLICABILITY CONDITIONS 

This methodology is globally applicable to project activities that convert CO2 which would have 
otherwise been emitted into the atmosphere, into concrete products. CO2 from direct air capture 
is also permitted under this methodology. 

Project activities must meet the following conditions:  

1) Project activities must manufacture concrete using CO2 as a feedstock in the production 
process, through a process that requires lower amounts of cement as compared to traditional 
concrete production processes. 

2) Project activities must produce concrete that has the same performance (e.g., compressive 
strength) as traditional concrete.  

3) Project activities must produce a concrete material that will be used and sold in the 
commercial market. 

4) Project activities may use supplementary cementitious materials in cement and concrete. 
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5) The use of recycled concrete is not eligible in either the baseline or project scenario. 

6) The CO2 used as a feedstock must come from a source that would have otherwise been 
emitted to the atmosphere (i.e., the CO2 is not processed/produced specifically for this project 
activity). Where the CO2 is supplied from a source that is already capturing and compressing 
the gas, it must be clearly demonstrated that the CO2 would have been emitted if it was not 
used in the project activity.  

5 PROJECT BOUNDARY 

As illustrated below, the spatial extent of the project boundary encompasses: 

• The project facility where concrete materials are produced; 

• The facilities from which the CO2 feedstock is sourced (if not direct air capture); 

• The facilities where displaced portland cement is manufactured.   

 

 

The greenhouse gases included in or excluded from the project boundary are shown in Table 2 
below. 
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Table 2: GHG Sources Included In or Excluded From the Project Boundary 

Source Gas Included? Justification/Explanation 

Ba
se

lin
e 

Captured 
CO2 

CO2 Yes CO2 is the main gas that can be captured by 
carbon capture and utilization technology  

CH4 No Only CO2 captured and sequestered into 
concrete is considered for this methodology 

N2O No Only CO2 captured and sequestered into 
concrete is considered for this methodology 

Other No N/A 

GHGs from 
cement 
production  

CO2 Yes The use and combustion of fossil fuels is the 
primary source of emissions from the 
production of cement. 

CH4 N/A 

N2O N/A 

Other N/A 

Pr
oj

ec
t 

GHGs from 
the project 
facility 
(electricity 
and 
incremental 
fossil fuel 
usage) 
 
 

CO2 Yes Electricity and combusted natural gas or 
liquid/solid fuels are the primary energy sources 
that would be used to power a facility 
manufacturing concrete material. CO2 is the 
primary emission from that combustion. 

CH4 No Excluded for simplicity  

N2O No Excluded for simplicity  

Other No Excluded for simplicity  

GHGs from 
cement 
production 

CO2 Yes The use and combustion of fossil fuels is the 
primary source of emissions from the 
production of cement. 

CH4 N/A 

N2O N/A 

Other N/A 

 
GHGs from 
capturing, 
compressing 
and 
transporting 
CO2 

CO2 Yes Main GHG associated with the electricity 
requirements and incremental fossil fuel usage 
associated with processing waste CO2.  Note 
also that the default factors for transportation 
emissions (tCO2e/ton-mile) includes all GHGs. 

CH4 No Excluded for simplicity  

N2O No Excluded for simplicity  
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6 BASELINE SCENARIO 

The baseline scenario is the manufacturing of concrete through traditional processes (i.e., not 
through the use of CO2 capture and utilization technology). This methodology uses the project 
method to determine the crediting baseline. 

7 ADDITIONALITY 

This methodology uses an activity method for the demonstration of additionality. 

Step 1: Regulatory Surplus 

Project proponents must demonstrate regulatory surplus in accordance with the rules and 
requirements regarding regulatory surplus set out in the latest version of the VCS Standard. 

Step 2: Positive List 

The applicability conditions of this methodology represent the positive list. The project must 
demonstrate that it meets all applicability conditions, and in so doing, it is deemed as complying 
with the positive list and as being additional. 

The positive list was established using the activity penetration option (Option A in the VCS 
Standard). Justification for the activity method is provided in Appendix I. 

8 QUANTIFICATION OF GHG EMISSION REDUCTIONS AND REMOVALS 

 Baseline Emissions 

Emissions in the baseline scenario are associated with two components. The first component is 
the emissions associated with the production of portland cement. The second component is the 
emissions from the CO2 that are captured and sequestered in the concrete produced by the 
project activity. 

BEy = BEACU,y + BECO2,cap,y        (1) 

Where:  

BEy     = Baseline emissions in a given year (y) (tCO2e) 

BEACU,y = Emissions from the production of portland cement that would have been used in the 
   absence of the project activity (Avoided Cement Usage) (tCO2e) in year y 

BECO2,cap,y = Emissions from the capture of CO2 (tCO2e) in year y 

Component 1: Reduced Cement Usage (BEACU):  The first component of the baseline 
calculation is the displacement of conventional cement production by the project activity.  The 
amount displacement is calculated by determining the quantity of cement that would have been 
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used in the absence of the project and multiplying that by the emissions factor of the cement.  
There are three options of determining that emissions factor, one of which uses a similar 
approach to VM0031 that requires project proponents to use default factors for the mass of 
clinker used in the cement multiplied by the emissions factor of the clinker1. 

BEACU,y = iQcement,i,b,y x EFcement        (2) 

Where:  

BEACU,y = Emissions from the production of portland cement that would have been used  
   in the absence of the project (Avoided Cement Usage) (tCO2e) in year y. 

Qcement,i,b,y  = Quantity of portland cement that would have been used in the baseline for  
   concrete produced using a project mix design i in year y (metric tonnes). 

EFcement  = Emissions Factor of portland cement production (tCO2e/metric tonne of 
cement). 

Determining Qcement,i,b.y: Project proponents must use a testing procedure that uses measured 
quantities of cement to produce concrete with equivalent compressive strength both with and 
without the project activity to establish a ratio of Project Scenario-to-Baseline Scenario of cement 
use that can then be applied to all project concrete produced with that mix design. 

Qcement,i,b.y = i [Qcement,i,p.y ÷ (∑n QCement,p,i,test n ÷  ∑n QCement,b,i,test n)]             (3) 

Where: 

Qcement,i,p,y  = Quantity of portland cement used in the project for concrete produced using a  
    project mix design i in year y (metric tonnes).   

QCement,p,i,test n  = Quantity of portland cement used (e.g., metric tonnes) to prepare project  
    compressive strength test specimen n for concrete produced using project mix  
    design i. The testing process is outlined in Appendix II. 

QCement,b,i,test n  = Quantity of portland cement used (e.g., metric tonnes) to prepare baseline  
   compressive strength test specimen n for concrete produced using a baseline  
   mix design that results in a concrete of equivalent compressive strength to  
   project mix design i.  The testing process is outlined in Appendix II. 

Determining EFcement.   

The emissions factor for the cement must be determined using the following procedure:  

Option 1:  Plant-Specific Data: Where the source of the cement used both in the baseline and 
project scenario is known, and the concrete production is located at or near the cement 

                                                
1 The production of clinker results in the release of significant process GHG emissions and combustion GHG 
emissions. 
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production facility, site or plant-specific factors must be used if they are available. The information 
from the cement plant(s) must include total energy and fuel use (including electricity usage and 
regional electricity emission factors) and the project proponent must calculate the total GHG 
emissions per unit of cement produced.  

Option 2.  Environmental Product Declarations (EPDs):  Where Option 1 is not applicable, 
project proponents may use environmental product declarations (EPDs) that provide key 
information on GHG intensity of portland cement. An EPD is a comprehensive summary report of 
environmental impacts of a material’s production based on life cycle assessment (LCA) and 
verified by a third party. It provides a clear, consistent, and transparent basis for reporting broad 
environmental performance for similar types of materials or products2.  

Option 3: Use of Regional Factors: Where EPDs are not available, or where the project activity 
is located in a country where the data needed for Options 1 and 2 are not available, the project 
proponent must use regional factors. Refer to Appendix III for the parameters need to calculate 
regional factors.  For this option, the following formula must be used to determine EFcement. 

EFcement = Mclinker / Mcement x EFclinker       (4) 

Where:  

EFcement   = Emission factor for the production of portland cement (tCO2e/tonne of cement) 

MClinker/MCement  = Clinker to cement ratio (unitless).  

EFClinker   = Emission factor of clinker (tCO2e/metric tonne of clinker).  

 

Component 2: Captured CO2 (BECO2,cap):   

BECO2,cap,y =  min{QCO2,meter,y:QCO2,stored,y}       (5) 

Where:  

BECO2,cap,y  = Emissions from the capture of CO2 (tCO2e) in year y 

QCO2,meter,y  = Amount of CO2 captured in year y to be injected into the concrete production  
   process, as determined by a flow meter (tCO2).  

QCO2,stored,y  = Amount of CO2 captured in year y to be injected into the concrete production  
   process, as determined by sampling (tCO2).  

                                                
2 For example, the EPD published by the Portland Cement Association in the US cites that the cradle to gate total 
emissions per tonne of cement production is 1.040 tonnes of CO2eq.  See: https://www.cement.org/docs/default-
source/sustainabilty2/pca-portland-cement-epd-062716.pdf?sfvrsn=2.  Many countries publish EPDs – for example, 
the UK can be found at https://cement.mineralproducts.org/documents/UK_Average_Portland_Cement_EPD.pdf. 

https://www.cement.org/docs/default-source/sustainabilty2/pca-portland-cement-epd-062716.pdf?sfvrsn=2
https://www.cement.org/docs/default-source/sustainabilty2/pca-portland-cement-epd-062716.pdf?sfvrsn=2
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Determining QCO2,stored,y  

Concrete samples must be tested to determine the amount of CO2 that has been sequestered 
(C,project,sample,y), per the procedure set out in Appendix IV. The carbon content of cement in the 
project-scenario must be compared to the carbon content of cement in the baseline-scenario, as 
follows: 

QCO2,stored,y = i [Qconcrete,i,p.y * (C,project sample,y - C,baseline sample,y) * 1000  * 44/12]      (5a) 

Where: 

QCO2,stored,y   = Amount of CO2 captured in year y to be injected into the concrete production  
   process, as determined by sampling (tCO2). 

QConcrete,i,p,y  = Quantity of concrete produced by the project for product mix design i in year y  
    in (metric tonnes).   

C,project sample,y           = Carbon content of samples of concrete taken from the project activity (kgC/kg  
    of concrete in the sample)   

C,baseline sample,y          = Carbon content of samples of concrete that are not using the project activity  
     technology (kgC/kg of concrete in the sample)   

8.2 Project Emissions  

Project emissions include any additional electricity or fossil fuels used at the concrete 
manufacturing facility used by the project activity.  Project emissions in year y of the crediting 
period will be expressed as follows: 

PEy = PEcement,y + PEelec,y + PEffc,y + PECO2,y      (6) 

Where: 

PEy  = Project emissions in year y (tCO2e) 

PEcement,y  = Emissions from the amount of cement used at the project facility in year y  
    (tCO2e). 

PEelec,y = Emissions from the use of electricity at the project facility in year y (tCO2e). 

PEffc,y = Emissions from the combustion of fossil fuels used at the project facility in year  
    y (tCO2e). 

PECO2,y = Emissions associated with the capture, compression and transport of CO2 to  
    the location where it will be sequestered in concrete in year y (tCO2e). 
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The project emissions from the amount of cement used at the project facility are calculated as 
follows: 

PEcement,y = ∑i iQcement,i,p,y x EFcement       (7) 

Where:  

PEcement,y  = Emissions from the amount of cement used at the project facility in year y      
   (tCO2e) 

Qcement,i,p,y = Quantity of portland cement used in the project for concrete 
   produced using a project mix design i in year y (metric tonnes).   
 

EFcement  = Emissions Factor for the portland cement used in the project  
     (tCO2eq/metric tonne of cement).  

The project emissions from the use of electricity at the project facility are calculated as follows:. 

PEelec,y = Qelec,y x EFelec         (8) 

Where: 

PEelec,y   = Emissions from the use of electricity at the project facility in year y (tCO2e). 
 
Qelec,y  = Quantity of incremental, additional electricity from the grid in year y used to  

                power the equipment needed to operate the project activity in year y (MWH). 

EFelec   = Emissions intensity of the electricity (tCO2/MWH).    

The project emissions from the incremental combustion of fossil fuels used to power the equipment 
needed to run the project activity are calculated as follows: 

PEffc,y = Qff,y x FCay  x EFa,y        (9) 

Where: 

PEffc,y    = Emissions from the combustion of fossil fuels used at the project facility in year  
                y (tCO2e). 

Qff,y    = Quantity of fossil fuel used in year y (volume of liquid fuel, mass of solid fuel or  
                cubic meters of natural gas). 

FCay  = Energy content of fuel type a combusted in year y (terajoule or TJ).   

EFa,y       = Emission factor of fuel in year y (tCO2/TJ).   

The project emissions from the capture, compression and transport of CO2 to the location 
where it will be sequestered in concrete are calculated as follows: 
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PECO2,y = PECO2,processing,y + PECO2,transport,y       (10) 

Where: 

PECO2,y   = Emissions associated with the capture, compression and transport of CO2 to  
                the location where it will be sequestered in concrete in year y (tCO2e). 

PECO2,processing,y  = Emissions associated with the capture, compression and processing of CO2 in  
                             year y (tCO2e). 

PECO2,transport,y  = Project emissions associated with the transport of CO2 to the project site in  
     year y (tCO2e).  
 
PECO2,processing,y = QCO2,meter,y x (Qff,y,processing x FC,y x EFff.y,processing) + (Qelec processing,y * EFelec)     (11) 

       Total CO2 processed,y                       
 

Where: 

PECO2,processing,y  = Emissions associated with the capture, compression and processing of CO2 in  
   year y (tCO2e). 

 
Qff,y,processing   = Quantity of fossil fuel used to capture, compress and process CO2 in year y 

   (tCO2e).3  

FCay  = Energy content of fuel type a combusted year y (terajoule or TJ) for the entire   
                             CO2  production facility. 

EFff.y,processing = Emission factor of fuel in year y (tCO2/TJ).   

Qelec,processing,y = Quantity of incremental, additional electricity from the grid in year y used to  
     capture, compress and process CO2 (MWH) 

Total CO2 processed,y = Total amount of CO2 processed from the facility (or facilities) supplying  
     the waste CO2 in year y (tCO2).  

Note: If the CO2 is sent via pipeline from the production facility to the project facility, the energy 
requirements of moving that gas through the pipeline should be included in the processing 
equation (Eq. 11) and not the transport equation below (which focuses on modal transport of 
CO2).  
 
PECO2,transport,y   = QCO2,meter,y x ∑(Ton-miles i x EF CO2 i x 10-3)                           (12) 

Where 

PECO2,transport,y = Project emissions associated with the transport of CO2 to the project site in  
                                                
3 This parameter refers to the fuel used at the entire facility where the CO2 would be emitted but is instead being 
captured and processed for use “CO2 production facility” (or facilities if multiple sources are used) in year y (volume of 
liquid fuel, mass of solid fuel or cubic meters of natural gas). 
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     year y (tCO2e). 

QCO2,meter,y = Amount of CO2 captured in year y to be injected into the concrete production  
   process, as determined by a flow meter (tCO2). 

Ton-miles i = Ton-miles for each mode of transport in year y, by mode type i, used to  
     transport the CO2 to the point of use (tonne-miles). 

EF CO2 i = CO2 emission factor for mode i (barge, rail, or truck), (kg/ton-mile). 

Note that a ton-mile is the equivalent of shipping one ton of product for one mile. Unless the CO2 
is captured on the same site where the concrete is produced, the project proponent must collect 
the needed data from the CO2 deliverer specifically the total tons delivered and the total miles 
traveled to make the delivery.    Note that not all ton-miles are equivalent in terms of their impact. 
The US EPA’s Climate Leaders program identifies different GHG emissions factors for different 
modes of transport, as follows:4  

Table 3: Quantifying GHG Emissions Associated with Transport  

Transport Mode Emissions in kgCO2/ton-mile 

Rail 0.0254 
Waterbourne 0.0486 
Truck 0.2986 
Air 1.545 

 

8.3 Leakage 

No sources of leakage have been identified for this project activity.  

8.4 Net GHG Emission Reduction and Removals 

Net GHG emission reductions and removals are calculated as follows: 

ERY = BEY - PEy          (13) 

Where: 

ERY  = Net GHG emissions reductions and removals in year y (tCO2e) 

BEY  = Baseline emissions in year y (tCO2e)  

PEy  = Project emissions in year y (tCO2e) 

                                                
4 http://www.scope5.com/understanding-ton-miles-and-their-impact-on-our-choices/ 
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9 MONITORING 

9.1 Data and Parameters Available at Validation 

Data / Parameter EFcement 

Data unit  tCO2e/t of cement 

Description Emission factor for the production of portland cement 

Equations 2,4,7 

Source of data Project Proponent and/or cement production facilities 
Value applied Project specific 

Justification of choice of 
data or description of 
measurement methods 
and procedures applied 

 
Option 1:  Plant-Specific Data: When the source of the cement 
used both in the pre-project and post-project scenario is known, 
project proponents must use site-specific factors if they are 
available.  See Section 8.1 
 
Option 2.  Environmental Product Declarations (EPDs):  If 
Option 1 is not applicable, project proponents may use EPDs that 
provide key information on GHG intensity of portland cement.  See 
Section 8.1.  
 
Option 3: Use of Regional Factors:  To be applied where EPDs 
are not available, or where the project activity is located in a 
country where the data needed for Options 1 and 2 are not 
available. See Section 8.1  
 

Purpose of Data Calculation of baseline and project emissions, because the use of 
cement occurs in both the baseline and project scenarios. 

Comments For Option 1,plant-specific data on fuel use, electricity use and 
cement production must be provided by the cement producer, and 
the producer must be available to provide actual data and 
evidence (utility bills, etc.) directly to the Validation and Verification 
Body(VVB) if requested. 

 
 

Data / Parameter EFClinker 

Data unit tCO2e/t 

Description Emission factor for the production of clinker  

Equations 4 
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Source of data World Business Council for Sustainable Development’s the 
Cement Sustainability Initiative report, Cement Industry Energy 
and CO2 Performance “Getting the Numbers Right”.   

Value applied See Table A.1 in Appendix III. 

Justification of choice 
of data or description of 
measurement methods 
and procedures applied 

For use with Option 3 above,  determining the emission factor of 
portland cement  using regional factors 

Purpose of Data Calculation of baseline and project emissions, because the use of 
cement occurs in both the baseline and project scenarios. 

Comments  

 
 

Data / Parameter MClinker/MCement  

Data unit Ratio 

Description Clinker to cement ratio 

Equations 4 

Source of data World Business Council for Sustainable Development’s the 
Cement Sustainability Initiative report, Cement Industry Energy 
and CO2 Performance “Getting the Numbers Right”.   

Value applied  See Table A.2 in Appendix III. 

Justification of choice 
of data or description of 
measurement methods 
and procedures applied 

For use with  Option 3 above, determining the emission factor of 
cement using regional factors 

Purpose of Data Calculation of baseline and project emissions, because the use of 
cement occurs in both the baseline and project scenarios. 

Comments  

 
 
 

Data / Parameter FC,y 

Data unit TJ 

Description Energy content per unit of fuel type y 

Equations 9 

Source of data IPCC 
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Justification of choice of 
data or description of 
measurement methods 
and procedures applied 

The IPCC Guidelines for National Greenhouse Gas Inventories is 
internationally recognized and the data provided in the guidelines 
is peer reviewed. 

Purpose of Data Calculation of project emissions 

Comments N/A 

 
 

Data / Parameter EFa,y 

Data unit tCO2e/TJ 

Description Emission factor of fuel type y 

Equations 9  

Source of data IPCC  

Justification of choice of 
data or description of 
measurement methods 
and procedures applied 

The IPCC Guidelines for National Greenhouse Gas Inventories is 
internationally recognized and the data provided in the guidelines 
is peer reviewed. 

Purpose of Data Calculation of project emissions 

Comments N/A 

 

Data / Parameter EFff,y,processing  

Data unit tCO2e/TJ 

Description Emission factor of fuel type y 

Equations 11 

Source of data IPCC  

Justification of choice of 
data or description of 
measurement methods 
and procedures applied 

The IPCC Guidelines for National Greenhouse Gas Inventories is 
internationally recognized and the data provided in the guidelines 
is peer reviewed. 

Purpose of Data Calculation of project emissions 

Comments N/A 

 

Data / Parameter EFCO2,i  

Data unit Lb or Kg/CO2 per ton-mile 

Description Emission factor for mode of transport  
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Equations 12 

Source of data See table in Section 8 from EPA Climate Leaders; 
http://www.scope5.com/understanding-ton-miles-and-their-impact-
on-our-choices/ 

Justification of choice of 
data or description of 
measurement methods 
and procedures applied 

This is an accurate and simplified default for considering the 
emission factors of different modes of transport. 

Purpose of Data Calculation of project emissions 

Comments N/A 

 

9.2 Data and Parameters Monitored 

Data / Parameter Qcement,i,p,y  

Data unit Tonne 

Description Quantity of Cement used to prepare project compressive strength 
test specimen n for concrete produced using project mix design i. 

Quantity of Cement used to prepare baseline compressive 
strength test specimen n for concrete produced using a mix 
design that results in a concrete of equivalent compressive 
strength to project mix design i. 

Equations    3 

Source of data Project Proponent 

Description of 
measurement methods 
and procedures to be 
applied 

Use standard weighing procedures to determine mass of cement 
used to produce concrete over the course of the crediting year. 

Frequency of 
monitoring/recording 

Measured continuously, reported annually 

QA/QC procedures to be 
applied 

Any equipment, such as weighing meters, should be calibrated 
according to the manufacturer’s specifications, with calibration 
certificates available for verification. 

Purpose of data Calculation of baseline and project emissions 

Comments N/A 
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Data / Parameter QCement,b,i,test n  

Data unit Tonne  

Description Quantity of portland cement used to prepare baseline 
compressive strength test specimen n for concrete produced 
using a mix design that results in a concrete of equivalent 
compressive strength to project mix design i. 

Equations   3 

Source of data Project Proponent 

Description of 
measurement methods 
and procedures to be 
applied 

See Appendix II 

Frequency of 
monitoring/recording 

Once per crediting period 

QA/QC procedures to be 
applied 

See Appendix II 

Purpose of data Calculation of baseline and project emissions 

Comments N/A 

 

Data / Parameter QCement,p,i,test n  

Data unit Tonne  

Description Quantity of portland cement used to prepare project compressive 
strength test specimen n for concrete produced using project mix 
design i 

Equations   3 

Source of data Project Proponent 

Description of 
measurement methods 
and procedures to be 
applied 

See Appendix II 

Frequency of 
monitoring/recording 

Once per crediting period 

QA/QC procedures to be 
applied 

See Appendix II 

Purpose of data Calculation of baseline and project emissions 
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Comments N/A 

 

Data / Parameter QCO2,meter,y  

Data unit Tonne 

Description Amount of CO2 captured in year y to produce concrete, as 
determined by a flow meter 

Equations 5 

Source of data Measurements at project facility  

Description of 
measurement methods 
and procedures to be 
applied 

Use calibrated flow meters. Calibration must be conducted 
according to the equipment manufacturer’s specifications.  The 
amount of CO2 must be metered before entering the production 
process and must be subject to standard calibration and QA/QC 
procedures for the measurement of critical data variables.  

Frequency of 
monitoring/recording 

Data must be monitored continuously and recorded on at least a 
daily basis. 

QA/QC procedures to be 
applied 

Calibration of meters must be conducted according to the 
equipment manufacturer’s specifications. 

Purpose of data Calculation of baseline emissions 

Comments Project proponents may use a mass-flow meter to measure mass 
of CO2.  Proponents may also use a volumetric meter to determine 
cubic feet or meters of gas collected, but this number must be 
converted to mass by multiplying the measured volume by the 
density of CO2 at normal temperature and pressure (20 degrees C 
at 1 atmosphere).  The density of CO2 at NTP is 1.842 kg/m3.5   

Project proponents must demonstrate that the captured CO2 is 
coming from a waste source where the gas would – in the 
absence of the project activity – be emitted.  The project 
proponent will need to obtain an attestation from the supplier of 
the CO2 that the gas is being captured from a facility that is 
currently venting it.  If the CO2 is coming from a source where the 
gas is already being capturing and compressed, it must be clearly 
demonstrated that the CO2 would end up being emitted.  For 
example, the source sells CO2 to the beverage industry (not 
permanent) and not for enhanced oil recovery (likely permanent).  
Again, written attestations from the CO2 sources will be required, 

                                                
5 www.engineeringtoolbox.com/gas-density-d_158.html 
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and the owner of these facilities must be available for discussions 
with VVBs.   

  

Data / Parameter 
C,baseline sample,y            

Data unit kgC/kg of concrete 

Description Carbon content of baseline concrete as measured in test samples 

Equations 5a 

Source of data Project proponent tests (see Section 8.1)  

Description of 
measurement methods 
and procedures to be 
applied 

See Section 8.1  

Frequency of 
monitoring/recording 

Annual 

QA/QC procedures to be 
applied 

For each project design mix – for both pre and post-project 
concrete – the project proponent will (on an annual basis) conduct 
a minimum of three decomposition tests.  The three tests must 
reveal a carbon content that is within 10% of each other, or the 
project proponent should continue testing until three results within 
10% of each other are obtained.  The actual test result used in the 
calculations of baseline emissions must be the lowest of the three 
samples for the post-project concrete and highest of the three 
results for the pre-project concrete – thus ensuring the most 
conservative result.  All test procedures and results will be made 
available to the VVB. 
 

Purpose of data Calculation of baseline emissions 

Comments See Section 8.1 

  

 

Data / Parameter 
C,project sample,y   

Data unit kgC/kg of concrete 

Description Carbon content of project concrete as measured in test samples 

Equations 5a 
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Source of data Project proponent tests (see Section 8.1)  

Description of 
measurement methods 
and procedures to be 
applied 

See Section 8.1  

Frequency of 
monitoring/recording 

Annual 

QA/QC procedures to be 
applied 

For each project design mix – for both pre and post-project 
concrete – the project proponent will (on an annual basis) conduct 
a minimum of three decomposition tests.  The three tests must 
reveal a carbon content that is within 10% of each other, or the 
project proponent should continue testing until three results within 
10% of each other are obtained.  The actual test result used in the 
calculations of baseline emissions must be the lowest of the three 
samples for the post-project concrete and highest of the three 
results for the pre-project concrete – thus ensuring the most 
conservative result.  All test procedures and results will be made 
available to the VVB. 
 

Purpose of data Calculation of baseline emissions 

Comments See Section 8.1 

  

 

Data / Parameter 
QConcrete,i,p,y 

Data unit Tonne 

Description Quantity of concrete produced by the project for project mix 
design i in year y in 

Equations 5a 

Source of data Project proponent tests (see Section 8.1)  

Description of 
measurement methods 
and procedures to be 
applied 

Standard procedures to weigh concrete product, which is standard 
industry practice for all concrete suppliers.   

Frequency of 
monitoring/recording 

Continuous but reported annually 
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QA/QC procedures to be 
applied 

Standard procedures to ensure accuracy of weighing methods, 
including manufacturer-recommended calibrations for measuring 
devices, which would be standard industry practice for all concrete 
suppliers.  Project proponents will keep clear records of all 
concrete produced and used at construction sites, which can be 
presented to the VVB.  
 

Purpose of data Calculation of baseline emissions 

Comments  

 

Data / Parameter Qelec,y  

Data unit MWh 

Description Quantity of electricity used by project facility supplied by the grid in 
year y. 

Equations 8  

Source of data Measurements at project facility or electric utility bills; and from 
CO2 supplier 

Description of 
measurement methods 
and procedures to be 
applied 

Use calibrated electricity meters. Calibration must be conducted 
according to the equipment manufacturer’s specifications.  
Alternatively, utility billing data can be used. 

Frequency of 
monitoring/recording 

Data must be monitored continuously and recorded on at least a 
daily basis.  If utility data is used, monthly bills are acceptable 

QA/QC procedures to be 
applied 

The consistency of metered electricity generation should be cross-
checked with receipts from electricity purchases where applicable 

Purpose of data Calculation of project emissions 

Comments  

 

 

 

Data / Parameter Qelec,processing,y 

Data unit MWh 

Description Quantity of electricity used by the CO2 supplier to capture and 
process the waste CO2 for delivery to the project site. 

Equations 11 
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Source of data Measurements at project facility or electric utility bills; and from 
CO2 supplier 

Description of 
measurement methods 
and procedures to be 
applied 

Use calibrated electricity meters. Calibration must be conducted 
according to the equipment manufacturer’s specifications.  
Alternatively, utility billing data can be used. 

Frequency of 
monitoring/recording 

Data must be monitored continuously and recorded on at least a 
daily basis.  If utility data is used, monthly bills are acceptable 

QA/QC procedures to be 
applied 

The consistency of metered electricity generation should be cross-
checked with receipts from electricity purchases where applicable 

Purpose of data Calculation of project emissions 

Comments  

 

Data / Parameter EFelec 

Data unit tCO2e/MWH 

Description Emission intensity of electricity used to transport CO2 and at the 
project facility 

Equations 8 

Source of data US eGrid or utility data or similar source if the project is in another 
country. 

Description of 
measurement methods 
and procedures to be 
applied 

In developing countries, project proponents may use the CDM 
Tool to calculate the emission factor for an electricity system to 
calculate this parameter.  In the US, the eGrid emissions factor 
published by the US Environmental Protection Agency for the US 
sub-region where the facility is located (latest available 
information) may be used.   

Frequency of 
monitoring/recording 

Annual 

QA/QC procedures to be 
applied 

As per “Tool to calculate the emission factor for an electricity 
system”   

Purpose of data Calculation of project emissions 

Comments  

 

Data / Parameter Qff,y   

Data unit Gallons (oil fuels), meters3 (natural gas), tonnes (solid fuels) 

Description Quantity of fossil fuel used to transport CO2 and by the project 
facility in year y  

http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v5.0.pdf/history_view
http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v5.0.pdf/history_view
http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v5.0.pdf/history_view
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Equations 9  

Source of data Measurements at project facility and from CO2 supplier 

Description of 
measurement methods 
and procedures to be 
applied 

Use calibrated flow or gas meters. Calibration must be conducted 
according to the equipment manufacturer’s specifications.   

Frequency of 
monitoring/recording 

Data must be monitored and recorded monthly. 

QA/QC procedures to be 
applied 

The consistency of metered fuel use should be cross-checked 
with receipts from fuel suppliers where applicable 

Purpose of data Calculation of project emissions 

Comments N/A 

 

Data / Parameter Qff,y,processing 

Data unit Gallons (oil fuels), meters3 (natural gas), tonnes (solid fuels) 

Description Quantity of fossil fuel used the CO2 supplier to capture and 
process the waste CO2 for delivery to the project site. 

Equations 11 

Source of data Measurements at project facility and from CO2 supplier 

Description of 
measurement methods 
and procedures to be 
applied 

Use calibrated flow or gas meters. Calibration must be conducted 
according to the equipment manufacturer’s specifications.   

Frequency of 
monitoring/recording 

Data must be monitored and recorded monthly. 

QA/QC procedures to be 
applied 

The consistency of metered fuel use should be cross-checked 
with receipts from fuel suppliers where applicable 

Purpose of data Calculation of project emissions 

Comments N/A 

 

Data / Parameter Ton-miles 

Data unit Ton-miles 

Description Ton-miles of shipped CO2 to the project site 
 

Equations 12 

Source of data CO2 supplier, transporter and project proponent 
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Description of 
measurement methods 
and procedures to be 
applied 

The company supplying or transporting the CO2 should provide 
data to project proponent about total number of tons delivered and 
total miles driven/shipped by barge/ moved by train from the CO2 
supply point to the final destination (and which mode(s) were used 
– rail, truck, barge, etc.).   

Frequency of 
monitoring/recording 

Annual 

QA/QC procedures to be 
applied 

Records from CO2 supplier or transporter should be available at 
project verification. 

Purpose of data Calculation of project emissions 

Comments N/A 

 

Data / Parameter Total CO2 processed,y 

Data unit Tonne 

Description Total amount of CO2 processed from the facility supplying the 
waste CO2 in year y  
 

Equations 11 

Source of data CO2 supplier and project proponent 

Description of 
measurement methods 
and procedures to be 
applied 

CO2 supplier to provide records for project proponent   

Frequency of 
monitoring/recording 

Annual 

QA/QC procedures to be 
applied 

VVB can ask to check production records of CO2 supplier 

Purpose of data Calculation of project emissions 

Comments N/A 

9.3 Description of the Monitoring Plan 

The project will monitor the data parameters identified in Section 9.2, including the following: 

• Quantities of cement produced for the concrete supplied both in the baseline and project 
scenarios (scales can be used to measure weight of material, as well as invoices and other 
records to indicate product sales – all of which can generate records for VVB to review in 
order to check the integrity of the data). 

• Quantity of CO2 supplied and injected into the concrete (determined by meter, and meter 
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data, along with calibration measurements can be provided to the VVB). 

• Quantity of CO2 embedded into the concrete (described earlier). 

• Quantity of electricity and fuel used as part of the concrete production process at the project 
facility (utility bills, invoices from fuel suppliers, flow meters and electricity meters can all 
provide records for verification).  

• Production and sale of concrete produced by the project activity. This will be monitored 
through industry-standard weighing techniques.  Sales records can also be provided to 
ensure the concrete is entering the market and thus displacing traditional concrete. 

The project proponent must establish, maintain and apply a monitoring plan and GHG information 
system that includes criteria and procedures for obtaining, recording, compiling and analyzing 
data, parameters and other information important for quantifying and reporting GHG emissions 
relevant for the project and baseline scenarios. Monitoring procedures must address the 
following: 

• Types of data and information to be reported; 

• Units of measurement; 

• Origin of the data; 

• Monitoring methodologies (e.g., estimation, modeling, measurement and calculation); 

• Type of equipment used; 

• Monitoring times and frequencies; 

• QA/QC procedures; 

• Monitoring roles and responsibilities, including experience and training requirements; 

• GHG information management systems, including the location, back up, and retention of 
stored data.  

Where measurement and monitoring equipment is used, the project proponent must ensure the 
equipment is calibrated according to current good practice (e.g., relevant industry standards). 

All data collected as part of monitoring must be archived electronically and kept at least for two 
years after the end of the last project crediting period. QA/QC procedures must include, but are 
not limited to: 

• Data gathering, input and handling measures 
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• Input data checked for typical errors, including inconsistent physical units, unit conversion 
errors,  

• Typographical errors caused by data transcription from one document to another, and 
missing data for specific time periods or physical units; 

• Input time series data checked for large unexpected variations (e.g., orders of magnitude) 
that could indicate input errors; 

• All electronic files to use version control to ensure consistency; 

• Physical protection of monitoring equipment;  

• Physical protection of records of monitored data (e.g., hard copy and electronic records); 

• Input data units checked and documented; 

• All sources of data, assumptions and emission factors documented.  
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APPENDIX I: ACTIVITY METHOD 

Applicability Conditions 
 
Below are the applicability criteria and their justification: 
 
How the methodology excludes projects that could be implemented without the intervention created by 
the carbon market:  Project activities must use CO2 as a feedstock to produce concrete.  This criterion 
specifically excludes all types of concrete that do NOT use CO2 as a feedstock.  As demonstrated in the 
Positive List section, there is virtually no commercial market for GHG-containing concrete, and therefore 
this criterion excludes projects that would be considered non-additional.   
 
Similarity in factors across the geographic scope:  The methodology is applicable globally, and there is 
similarity in factors as they relate to baseline scenario and additionality.  The baseline scenario is the 
continuation of manufacturing concrete through traditional processes (i.e., not through the use of GHG 
capture and utilization technology).  This situation exists wherever the methodology is applicable.  The 
baseline requires factors that should be similar (albeit not the same) everywhere.  With respect to 
additionality, at the time of writing, this project activity is not occurring anywhere in the world on any 
substantial basis, and thus the additionality conclusions can apply across the entire geographic scope of 
the methodology. 
 
Positive List: 
 
The only baseline scenarios that are reasonable to consider are (1) the continued manufacturing of 
traditional concrete with no production involving CO2 sequestration or perhaps (2) the large-scale 
adoption of this technology many years into the future, at which point if the 5% activity penetration 
threshold (see below) is exceeded, it would no longer be eligible for carbon credits.  

A new industry is slowly developing, which focuses on carbon capture and utilization (CCU).  A step 
beyond carbon capture and sequestration (CCS), the goal of CCU is to convert waste CO2 into a useful 
product or use it as a feedstock for other products.  CCU technology – whether it’s locking captured CO2 
into solid materials or liquid fuels – is still in its infancy, as illustrated by the Carbon XPrize6, a competition 
similar to the Ansari XPrize (incenting reusable spacecraft technology) and designed to incentivize the 
CCU industry.  Just the existence of the Carbon XPrize illustrates the lack of any mature CCU sector.  A 
number of start-up companies are working on sequestering CO2 into plastics, concrete, carbon nanotubes 
and other solids.  But most of these companies are pre-commercial or just reaching commercial scale.  
Those that have begun commercial production have very low penetration rates in their respective target 
markets. Because these CCU technologies are so new, the level of adoption is close to zero.    

As of the writing of this methodology, there is no large-scale commercial application of the technology to 
capture and sequester CO2 in concrete. There is limited activity in sequestering GHGs in concrete and 
other similar building materials. Some of the companies include CarbonCure, Solidia and Carbon 
Upcycling Technologies – all of which are Carbon XPrize Finalists.  As of the writing of this methodology, 
only CarbonCure has an approach that injects CO2 into ready-mix concrete.  And while CarbonCure has a 

                                                
6 See https://carbon.xprize.org/prizes/carbon 



 METHODOLOGY: VCS Version 3 
 

v3.3  31 

number of concrete manufacturers that use its technology, in 2018, CarbonCure’s technology was used in 
1.2 million yards of ready-mix concrete (mostly in Canada) – compared to a total of 343 million yards in 
the US market alone in 20167.  Other companies, such as Solidia, can only inject CO2 into pre-cast molds 
but not into ready-mix concrete.  While this is likely to change, the fact that the Carbon XPrize is so 
focused on helping these companies is an indication of how early-stage these markets are (again, XPrize 
supported the first private company to be able to master space flight).  One other company worth 
mentioning is Blue Planet, which doesn’t produce concrete, but has a technology that sequesters CO2 into 
a form of aggregate that could be a component in concrete.  It has one small plant operating in California.  
 
In addition, it should be noted that as the writing of this methodology, CarbonCure’s technology has been 
available for more than three years, demonstrating that while the project is commercially available at a 
modest scale, it growth has been limited – indicating barriers to penetration in the wider market.  

Option A: Activity Penetration 

The methodology uses Option A: Activity Penetration (AP) option to determine additionality.  Under this 
option, a methodology must demonstrate that the project activity has achieved a low level of penetration 
relative to its maximum adoption potential (MAP).  AP is derived by dividing the observed adoption (OA) 
of the project activity by the project activity’s MAP. MAP is defined as: “the total adoption of a project 
activity that could currently be achieved given current resource availability, technological capability, level 
of service, implementation potential, total demand, market access and other relevant factors within the 
methodology’s applicable geographically defined market.”  In this case, the MAP is defined as all sales 
and use of concrete within a reasonably defined geographic area (e.g.: a country).  

In order to qualify as additional the project activity AP can be no higher than 5%. In this case, the project 
activity has not reached true commercial scale. CarbonCure has some limited activity and the “total 
number of instances installed at a given date in year y” is extremely small. Given the early stage of 
carbon capture and utilization technology, it is difficult to say exactly what the resource and other 
constraints are. The CO2 feedstock is ubiquitous, and there are no particular barriers (e.g., market access 
or customer acceptance) that would limit the adoption of this technology. Thus, for the purposes of this 
methodology, the MAP can be considered the entire market for the concrete the project facility will 
produce, within the country where that facility is located. Therefore, the activity penetration level of the 
project activity covered by this methodology is clearly below the five percent threshold, and the project 
activity may be deemed additional. 

  

                                                
7 https://www.concreteconstruction.net/producers/u-s-ready-mix-production-matches-2016-total_o 
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APPENDIX II: Testing Procedures to Determine Baseline Cement Quantity 

Section 8.1 notes that project proponents will use a testing procedure that uses measured quantities of 
cement needed to produce concrete with equivalent compressive strength both with and without the 
project processes to establish a ratio of Project Scenario: Baseline Scenario cement use that can then be 
applied to all project concrete produced with that mix design. Baseline quantities of cement and project-
level quantities must go through a testing procedure for each project mix design.  The test batches must 
yield the same levels of compressive strength (or have the project-level mix have a greater strength than 
the baseline).  The procedures are outlined in detail below. 

Determining QCement,p,i,test n 

QCement,p,i,test n must be determined by measuring the quantity of cement used to prepare project 
compressive strength test specimen n based on project mix design i, where the measurement of the 
quantity of cement and preparation, curing, and testing of the test specimen meet the requirements of the 
ASTM or CSA concrete standard test method for compressive strength relevant for the type of concrete in 
question. For each project mix design, a minimum of three batches must be tested and the three tests 
should be within 10% of each other in terms of measurement of compressive strength.  In all cases the 
number of batches and specimens tested must meet or exceed the requirements of the relevant ASTM or 
CSA standard test method. This determination need only be done once during the project for a given 
project mix design, but should be repeated for all new project mix designs.  

Determining QCement,b,i,test n 

QCement,b,i,test n  must be determined by measuring the quantity of cement used to prepare baseline 
compressive strength test specimen n based on a mix design that is intended to result in a concrete of 
equivalent compressive strength to project mix design i, where the measurement of the quantity and 
preparation, curing, and testing of the test specimens are identical to what is used for the determination of 
QCement,p,i,test n. The mix design used must include the same amount of SCMs, if any, added at the 
concrete facility (excluding any SCMs in blended cement provided by a cement supplier) per m3 of 
concrete as in the project mix design.  

Test specimens must all be of the same volume, and equal to the volume of the specimens used to 
determine QCement,p,i,test n. The same number of specimens across the same number of batches as tested 
for QCement,p,i,test n must be tested. Baseline test specimens must have an average 28-day compressive 
strength that is equal to or less than the average 28-day compressive strength determined for the project 
test specimens used in determining QCement,p,i,test n. Where the average baseline test specimen 
compressive strength is greater than the average project test specimen compressive strength after 
completing at least three tests for a given mix design, the project proponent will conduct additional testing 
of either the project or baseline mix design (discarding an equivalent number of initial test specimen 
results for either the project or baseline as applicable) until the average project compressive strengths is 
equal to or greater than the baseline level strength.    
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Provided below are two illustrations of the testing: 

Baseline Test 
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Project Test (note that the strength measures over 10,000 after 28 days compared to 10,000 for 
the baseline test – thus the compressive strength is equal to or greater than the baseline test). 
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APPENDIX III: Data to Determine Emissions Factor of Cement Using Regional Factors 

The factors in Table A1 include emissions from the chemical process of calcination and emissions from 
fuel combustion, and consider those facilities that combust a wide range of carbon intensive and biogenic 
fuel sources.  Table A2 shows the typical ratio of clinker to cement on a regional basis throughout the 
world.  The source for these tables is VM0031 and were derived from the World Business Council for 
Sustainable Development’s the Cement Sustainability Initiative report, Cement Industry Energy and CO2 
Performance “Getting the Numbers Right”. 

Table A1: CO2 emissions per tonne of clinker per kiln type (global average) 
Kiln Type kg CO2/t clinker  

(EFClinker) 

Dry with preheater and precalciner 842 

Dry with preheater and without precalciner 861 

Dry without preheater 955 

Semi wet/Semi dry 896 

Wet 1043 

 

Table A2: Ratio of Clinker to Cement on a Regional Basis 
Region Clinker to Cement Ratio (%) 

Africa and Middle East 79 

Asia excluding China, India, CIS and Japan 84 

China and India 74 

CIS 80 

Europe 76 

Japan, Australia and New Zealand 83 

Latin America 74 

North America 84 

World 78 
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APPENDIX IV: Additional Information on Testing Amount of CO2 Stored in Concrete 

 
Concrete is generically comprised of coarse aggregate (stone), fine aggregate (sand), cement, and water. 
The injected CO2 will be mineralized through a reaction with the cement.  To quantify the mineralized 
CO2, project proponents may use thermal or chemical decomposition processes on concrete samples 
produced via the project activity and samples produced without the project activity.   Essentially these 
processes reverse the mineralization so that the CO2 that was sequestered is released and can be 
measured.    
 
Thermal decomposition, or thermolysis, is decomposition caused by heat. Through this technique, the 
quantity of CO2 that escapes can be measured as compared to a baseline sample. The escaped quantity 
provides an estimate of the CO2 that was sequestered through the project activity. Chemical 
decomposition is the separation (or breakdown) of a chemical compound into smaller compounds or 
elements, which can also reveal the CO2 content of the original material.  Either type of test would be 
suitable for this methodology, but it will be important to test both baseline concrete and project concrete 
so the difference in the carbon contents can be determined.  Baseline concrete may also absorb minute 
amounts of CO2 from the ambient air.   
 
For each mix design– for both the baseline and the project concrete – the project proponent must (on an 
annual basis) conduct a minimum of three decomposition tests. Each test must reveal a carbon content 
that is within 10% of the other two tests., or the project proponent should continue testing until three 
results within 10% of each other are obtained.   
 
The actual test result used in the calculations of QCO2,stored,y  must be the lowest of the three samples for 
the project concrete and highest of the three results for the baseline concrete – thus ensuring the most 
conservative result.  All test procedures and results will be made available to the VVB.  The test result is 
then extrapolated to all of the concrete produced for that project design mix in year y as shown in 
Equation 5(a).  The baseline concrete test results are reflected in the variable C,baseline sample,y.  The project 
concrete test results are reflected in the variable C,project sample,y. 
 
Concrete samples should be acquired at the earliest time upon which the carbonate reaction is expected 
to be complete. If the input sample is fully representative of the complete concrete composition then the 
result can be expressed in a straightforward manner as an amount of carbon or CO2 per unit of concrete. 
The results are compared to a baseline carbon content of an equivalent concrete that has not been 
produced using carbon dioxide.    
  
For example, a concrete sample that is analyzed to have a net increase in carbon of 0.05% by mass 
concrete translates to  one cubic meter (m3) of concrete (typically about 2400 kg) contains 1.2 kg of 
carbon. A conversion from carbon to CO2 by multiplying by the ratio of their molar masses (44 for CO2, 12 
for C) would result in a conclusion of 4.4 kg of CO2 per m3 of concrete.   
 
If the mineralized CO2 is in low abundance with respect to the concrete then minimizing the analysis of 
the components that are not reacting with CO2 may be considered. The sample can be processed to 
increase the fraction of the cement paste fraction by, for example, removing coarse aggregates.  Then the 
same test can be performed on the baseline and post-project materials (in this case without the 
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aggregates that wouldn’t react with CO2 in the project scenario).  The project proponent would then need 
to quantify – when the results are scaled up to the total quantity of concrete for that specific project mix 
design – the total amount of just the material that reacts with the CO2 (e.g.: leaving out coarse 
aggregates).   
 
Where the sampling is done on fresh concrete the processing can include separating mortar (cement 
paste and sand) from coarse aggregates and in the hardened state it may involve crushing the sample in 
such a way that does not crush the coarse aggregates. The processed sample can be analyzed. The 
resulting carbon content must be expressed in a way that reflects the processing step.  
 
 
Testing Methods: There are a number of methods that can be used to test the quantity of carbon released 
as CO2 when the sample is exposed to heat or a chemical reactant like an acid8.  For example, if the 
exact chemical composition of the sample is known, the compounds produced during testing can be 
known and measured by either calculating the weight of the remaining sample (see table below in the 
case of thermal decomposition) or by weighing the emitted CO2 itself. 
 
Just as one example, CaCO3 neutralizes acids to give the salts of calcium and CO2 gas. The volume of 
the evolved CO2 gas has a direct relation to the amount of CaCO3 consumed during the neutralization 
reaction.  Assuming that all the calcite is consumed, the volume and mass of the evolved gas can be 
measured. 
 
CaCO3 + 2HCl  CaCl2 + CO2↑+ H2O  
   
In one test, a flask is shaken gently to mix the CaCO3 and acid thoroughly. The reaction is allowed to take 
place until the gas bubbles cease to appear.  The released CO2 gas flows through the tube and displaces 
the water in a measuring cylinder.  From this, the total amount of carbon content in the sample (and thus 
CO2 originally sequestered can be determined). 
  

                                                
8 See “Low Level Detection of Carbonate Species Using Thermogravimetric and Differential Thermal Analysis” by S J 
Kemp, D Wagner and I Mounteney of the British Geological Survey, 
http://nora.nerc.ac.uk/id/eprint/19695/1/IR09074.pdf” AND  “Distribution of mineralized carbonate and its 
quantification method in enzyme mediated calcite precipitation technique” by Debendra Neupane, et al 

https://www.sciencedirect.com/science/article/pii/S0038080615000384.   

http://nora.nerc.ac.uk/id/eprint/19695/1/IR09074.pdf
https://www.sciencedirect.com/science/article/pii/S0038080615000384
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Table A3: For Thermal Decomposition Analysis: Temperatures at which Carbonate Species 
Decompose and form CO2. 
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