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1. Goals and objectives   

• This document describes a methodology for estimation of cradle-to-gate (partial) Product 

Carbon Footprints (PCFs) using Chain of Custody models. 

• Partial PCF’s may be used for informative purposes, product claims or voluntary corporate 

GHG reporting of Scope 3 inventories. 

• Partial PCFs shall not be used for comparative assertion purposes and may not be suitable for 

regulatory or compliance purposes. 

 

2. Alignment with external standards  

• This methodology is aligned with the mandatory “shall” criteria of the following PCF standards: 

ISO 14067:2018 Greenhouse gases - Carbon Footprint of Products - Requirements and 

Guidelines for Quantification and Greenhouse Gas Protocol Product Life Cycle Accounting and 

Reporting Standard (2011). 

• Both PCF standards cite additional ISO standards on LCA (14040:2006 and 14044:2006) as 

reference. These standards provide additional guidance on data quality, review and 

communication. 

• In addition, ISO 14067 encourages supplementary adoption of a relevant product category 

rules (PCR) or industry specific guidelines when available, for example chemical industry 

specific guidelines for partial PCF calculations put forth in the Together for Sustainability PCF 

Guideline for the Chemical Sector (TfS Guideline, version 3.0 published in December 2024) or 

the Partnership for Carbon Transparency Methodology for PCFs (PACT Method, version 3.0 

published in April 2025).  

• ERM CVS provided independent limited assurance report that this method is in accordance 

with the mandatory “shall” requirements within the reporting criteria in all material respects of 

ISO 14067:2018 and GHGP Product Standard, 2011 (Annex A). 

3. Scope  

• Declared unit: Partial PCFs will be based on a declared unit of 1 kg of unpackaged bulk product 

(kg CO₂eq/kg product), which refers to the bulk version of a sold product as produced in its 

final form before it is packaged for shipment. 

• GHG Coverage: Partial PCFs shall include impact of all Kyoto Greenhouse Gases (GHG) 

converted to CO₂ equivalences (CO₂e) based on global warming potential over 100 years 

(GWP100) characterization factors from IPCC AR6 report.   

• Value chain coverage: Partial PCFs shall be calculated on a “Cradle-to-Gate” basis, 

incorporating all upstream and operational emissions related to the bulk production of a sold 

product except the exclusions and optional activities (listed in Table 1). 

• The definition of “Cradle-to-Gate” shall include emissions associated with the production of 

sold products within the system boundary as outlined in TfS Guideline version 3.0 Chapter 

5.1.2 and 5.1.3.  

• Emissions associated with the downstream use phase and end of life stages are excluded from 

partial PCF calculations discussed in this document. 

• Outbound transportation and packaging of the product to the customer is excluded from partial 

PCF calculations since it is outside the system boundary as defined herein as “Cradle-to-Gate”.  

• [Sold product will be defined based on a unique Dow identifier code known as Specified 

Material Code (SMC) in Dow’s SAP system.]  

https://www.iso.org/standard/71206.html
https://www.iso.org/standard/71206.html
https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf
https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf
https://www.iso.org/standard/37456.html
https://www.iso.org/standard/38498.html
https://www.tfs-initiative.com/app/uploads/2024/03/TfS_PCF_guidelines_2024_EN_pages-low.pdf
https://www.tfs-initiative.com/app/uploads/2024/03/TfS_PCF_guidelines_2024_EN_pages-low.pdf
https://www.carbon-transparency.org/resources/pact-methodology-v3-methodology-for-calculating-and-exchanging-cradle-to-gate-product-carbon-footprints-pcfs
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• [The main GHGs reported by Dow in Scope 1 emissions are carbon dioxide (CO₂), methane 

(CH4), nitrous oxide (N2O) and hydrofluorocarbons (HFC) Dow reports these emissions broken 

down in detail per each GHG in Dow’s  2024 INtersections Progress Report (Page 115)] 

• [Dow considers sold product as the material invoiced and delivered to a customer. However, 

sold products are packaged in different sizes from bulk production. Since packaging is optional 

in partial PCF calculation, partial PCF calculation ends at the bulk production of the factory 

while delivery of the same material in different packaging types is tracked with specific Global 

Material Identifier (GMID) all connected to the same SMC assigned to the bulk material] 

• Dow may use the methods described in this document for its products manufactured outside 

Dow's operational control such as non-consolidated joint ventures and external manufacturers. 

 

Table 1 Partial PCF system boundary with components included, excluded or optional. 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cut-off criteria (PCF boundary)  

• A threshold shall be used to exclude immaterial emissions sources from PCF calculations, 

building on TfS Guideline version 3.0 criteria 5.2.3.  

• Partial PCF calculations shall include, at minimum 97%, of the total material inputs used across 

the production of all products, measured on the basis of mass and at minimum 97% of the total 

energy inputs used across the production of products, measured based on higher heating value 

(HHV).   

• Partial PCF calculations should reflect, at minimum 95%, of the total GHG emissions 

associated with corporate GHG inventory of cradle-to-gate production emissions (including 

Scope 1 (excluding energy sales), Scope 2, Scope 3.1 associated with products produced 

within the calendar year,  Scope 3.3 excluding fuel used for energy sales, Scope 3.4 

excluding outbound transport and Scope 3.5) 

• [Dow calculates an annual Scope 3.1 inventory based on purchasing activity within the 

inventory period, however, partial PCFs are calculated based on materials consumed 

within the balancing period referenced in the PCF study. In some years, all purchased 

materials may not be consumed in the same year thus resulting in a difference] 

  

https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00504-01-2024-progress-report.pdf
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4. Data collection 

  

4.1. Primary data  

• Primary data shall be used where available. Key categories of primary data may include;  

o Activity data: The quantity of raw materials, fuel and energy used, and waste 

generated in each production facility.   

o Production data: The quantity of products produced from each facility or process with 

the greatest level of granularity available.  

o Sales data: The quantity of products sold at the greatest level of granularity available. 

o Direct emission data: The direct process GHG emissions (Scope 1) from each facility, 

including any owned and operated energy assets  

o [Dow reports direct emissions based on the WERS module of SAP in an annual basis 

and audited by a third party and reported externally in Dow’s INtersections Progress 

Reports and CDP disclosures. Dow models its own energy assets using primary data; 

direct emissions and upstream emissions associated with fuel production consumed in 

the energy assets on a site are allocated to electricity and steam using exergy-based 

allocation]  

o 3rd Party emissions factors: Supplier-specific partial PCFs for purchased raw 

materials and primary energy related e.g., combustion emissions factors.  

• Supplier partial PCFs shall be specific to the materials or inputs 

purchased from that supplier. Supplier partial PCF calculations should 

follow the calculation and reporting principles in accepted PCF 

methodologies, including the ISO 14067:2018, GHGP Product 

Standard, PACT Method version 3.0, and/or TfS Guideline version 3.0. 

• Supplier partial PCFs may be provided in the form of Book and Claim 

Certificates related to the attributes of materials and energy which are 

directly consumed in a partial PCF calculation. Certificates may be 

purchased separately from physical products (via a registry) and used 

within CFL calculations only if such practices are aligned with ISO 14067 

or Greenhouse Gas Protocol Product Standard. 

• [Dow uses certificates that match the materials or energy purchased and 

consumed in Dow process nodes.] 

• Suppliers should report additional data points along with PCF values, 

such as certificate validity period, reference period start and end date, 

system boundary, geography, carbon  content,  source of background 

life cycle inventory (LCI) databases, allocation rules, GWP version, 

verification type, along with additional data points required by the 

supplier’s chosen PCF methodology. 

• Supplier data may be rejected if it is determined to be of low quality, 

lacking supporting documentation, or inconsistent with internationally 

accepted standards.  

• Supplier partial PCF data will be valid for use in calculations within the 

balancing period (e.g., calendar year) in which the physical material or 

energy supplied was consumed. 

• Supplier primary data may be provided for all materials or energy 

consumed between the reference baseline and current year. If primary 

data is provided for only a partial time period, representative emissions 
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factors may be used for the rest of the time period from external 

databases. 

• Supplier data may exist in both a provisional and confirmed state. 

Provisional supplier partial PCFs may be provided prior to audit or end 

of year reconciliation and are hence subject to change. Confirmed PCFs 

should be fixed values and not subject to adjustment with the exception 

of restatements due to future material changes in underlying data or 

methodology  

• [Dow requests that supplier partial PCFs are confirmed within an 18 

month timeframe of material or energy delivery] 

• If supplier data for the current calendar year is not available (or is not 

confirmed) historic supplier specific data may be utilized in partial PCF 

calculations for up to three years (per TfS Guideline) unless the supplier 

has provided PCF data for a specific quantity.  

• [Dow follows the GHG Protocol Corporate Accounting and Reporting Standard principle of 

operational control; thus, Dow reports direct emissions (Scope 1) from all operations that fall 

under operational control principles that are explained in Dow’s 2024 INtersections Progress 

Report on page 31].   

   

4.2. Secondary data  

• If supplier-specific PCFs are not available for the remaining raw materials, energy sources, 

fuels, and waste, market average activity-based emissions factors from external LCI databases 

(such as Ecoinvent, GaBi, or Carbon Minds) or research literature. Internal LCI models may 

be used when external data is unavailable.  

• If secondary data sources change over time, historical partial PCFs may need to be restated if 

the Scope 3 threshold in TfS Guideline 3.0 section 4.5 is met.  

• [Dow uses Ecoinvent database version 3.12 and may update to newer versions if significant 

changes arise. If a new version lacks sufficient historical data, Dow will use the latest Ecoinvent 

version with available historic values.]  

 

4.3. Data states 

• Partial PCF calculations may be backward looking (historic/actual data), or forward looking, 

(forecasted data). 

• Forward looking partial PCF calculations are used for purposes of short, medium and long term 

contracting for spot or offtake purchases of low carbon products. 

• Forecasted data may be extrapolated from prior year data, forecasting models (e.g., including 

known expansion projects) or agreed purchasing orders. 

• Forecasted operational data (mass-energy balances and node capacities see 5.1) may be 

modelled under different scenarios e.g., funded (existing assets or advanced projects e.g., FID 

complete) and un-funded projects (earlier stage planned investments). 

• Data is considered actual once it has undergone through an independent assurance  process; 

prior to this all data is in a forecasted state (see Reconciliation 5.7) 

 

 

https://corporate.dow.com/content/dam/corp/documents/about/066-00504-01-2024-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00504-01-2024-progress-report.pdf
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4.4. Data quality  

• All data should be assessed based on a data quality rating (DQR) of activity data, emission 

factors, and/ or direct emissions data by using the data quality indicators. TfS Guideline version 

3.0 discusses DQR  reporting requirements in section 5.2.11 (mandatory DQR reporting after 

year 2027).    

• Data shall be assessed for technological, geographical and temporal representativeness, 

completeness and reliability.  

• [Dow’s steam cracker and energy asset operations contribute significantly to Dow’s partial 

PCF. Emissions, fuel consumption, and production volume data for these operations is 

collected on a regular basis to track efficiency and deliver targets set for operational excellence. 

Data quality improvement is also put in place to ensure accurate tracking of efficiency.] 

• [Dow follows with these TfS Guideline version 3.0 reporting requirements on DQR (mandatory 

after 2027) but views Primary data Share (PDS) as optional and will not report this metric even 

after 2027 since this is not required in ISO14067. PDS calculation has a fundamental challenge 

since calculation is based on emissions from PDS divided by all emissions, thus results in 

underestimated PDS values when significant amount of low-carbon energy is consumed as 

part of PDS.]   
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5. CFL Partial PCF Calculation Approach.  

  

Step  Output  

1 Allocation  
Allocation of material and energy inputs, 
waste and direct emissions, across one, 
or multiple output products produced in 
each process within the system boundary 
of the organization.  

Process node: the greatest level of data granularity 
available to describe a production process for 
producing a single output product. Each process 
node describes a mass-energy balance and 
production capacity.  

- Mass-energy balance: The mass-energy 
balance describes the inputs required to produce 
1kg of output product from a process node, 
based on allocation of inputs; stored in ledger. 

- Production capacity: The annual production 
capacity of a process node; stored in the ledger.  

2  Product composition mapping   
Defining the production steps needed to 
produce a product with the greatest level 
of data granularity. 

Product composition map: Overview of all process 
nodes which could be used to make a given product 

Physical connectivity map: Overview of the 

physical connectivity and volume of product 

transferred between process nodes 

3  Attribution  
Calculation of the GHG impact of a 
process node by attributing emissions 
factors to mass-energy balances.   

Process node Intermediate Carbon Footprint 
(ICF): The GHG impact per 1kg of intermediate 
product produced in a process node.  

4  Node selection for optimal PCF  
Selection of the optimal combination of 
process nodes from the composition map 
to deliver the lowest possible PCF.   

Optimized Partial Product Carbon Footprint 
(PCF): The optimal combination of process nodes to 
generate the lowest possible PCF.   

5  Residual calculation & check  
Calculation of the residual average PCF 

for every product, and confirmation that 

the residual average for selected 

intermediates which have been 

calculated using a multi-site attribution 

model do not exceed a reference 

threshold. 

Residual ICF and PCF: The average of all 
remaining mass-energy balances and emissions 
factors used in the production of intermediate or final 
products 
 
 

6   PCF transaction and ledger update  
A PCF certificate is generated, and the 
inputs and node capacities used are 
reflected in journal entries and an 
updated Carbon Footprint Ledger.  

Journal entry: PCF calculations which do not result 
in a residual ICF exceeding the threshold for 
selected intermediates will be recorded in a 
transaction journal resulting in an update to the 
ledger. 

Provisional PCF: A PCF is provisional when based 
on forecasted or expected emissions factor / activity 
data. 
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7 Reconciliation 

At the end of the balancing period, 
forecasted data used for provisional PCF 
calculations will be reconciled with actual / 
historic data 

Confirmed PCF:  

When all inputs to a PCF calculation are based on 

actuals, provisional PCF’s will be replaced by 

confirmed PCFs, suitable for use in corporate Scope 

3 accounting or product claims 

 

 

Definitions:  

 

• A production step: is defined as the set of transformation activities required to produce an 

intermediate or sold product; each production step may comprise one or more processes.  

• A facility is defined as the physical asset responsible for producing a specified product via a 

single or combination of processes.  

• A process is defined as the lowest level of operational activity responsible for production of a 

specific product.  

• A process node represents a specific process within a specific facility associated with 

production or delivery of a single specified output product.  

o Each process node produces exactly one output product 

o Process nodes describe the allocated inputs (raw materials, fuel, and energy) and 

outputs (process emissions and waste) associated with producing 1 kg of a specified 

product from the facility and process - termed a mass-energy balance.  
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5.1. Step 1: Allocation (Product recipes) 

• Process nodes are defined based on allocation of mass and energy consumed in production 

of a single kg of output product. 

• If a process produces multiple of the same, or multiple different output products, the primary 

mass and energy data used to report facility and process level emissions needs to be further 

sub-divided (known as allocation) to develop a mass-energy balance for 1 kg of single output 

product.  

• Allocation should be avoided where possible by breaking down processes into the smallest 

steps possible, if appropriate data is available.   

• In cases where allocation is unavoidable due to data availability or co-products are made in 

the same process allocation shall we used.  

• Allocation rules shall be based on ISO14067 and the TfS guideline version 3.0 allocation 

hierarchy described in 5.2.9 should be used when applicable.  

5.1.1. Allocation in a single output process node  

• In a single output process all material and energy inputs, as well as process emissions and 

waste burdens associated with that process step shall be proportionally allocated across each 

unit of output product within the balancing period. This allocation is referred to as a mass-

energy balance. 

5.1.2. Allocation in a multi output process node   

• If a process produces more than one co-product or by-product output, and the process cannot 

be subdivided, then product category rules (PCR) shall be used to inform sector specific 

allocation decisions as highlighted in the TfS PCR list.  

• In these instances, PCRs should be clearly communicated and shall be supported by external 

standards or reference documents.  

• Where PCRs are not available, an allocation method shall be used to partition material and 

energy inputs, direct “process” GHG emissions and GHG emissions associated with treatment 

of waste from operations to outputs that are co-products so that a process nodes is created 

with single outputs from a multi-output processes based on guidelines from ISO14067 (and 

TfS  Guideline  version 3.0 in section 5.2.8.4, 5.2.9 when applicable). 

• Mass based allocations shall ensure the relative ratio of output co-products from a process is 

consistent with actual production.    

• [Dow uses Plastics Europe’s recommendations for steam cracker allocation. However, this 

allocation rule is subject to change due to ongoing discussion regarding regional reporting 

requirements. Dow uses the approved PCR list cited in TfS Guideline version3.0] 

• [Dow uses ISOPA allocation method for Methylene diphenyl diisocyanate (MDI)] as listed in 

TfS Guideline PCF listv3 ] 

• [Dow uses Euro Chlor allocation method for Chlorine and Caustic which is based on mass 

allocation as listed in TfS Guideline version 3.0 ] 

• [Dow uses system expansion with substitution for steam/heat produced processes as a 

byproduct according to the guideline described in TfS substitution list document] 

• [Dow typically utilizes mass-based allocation for the net volume of materials consumed in each 

process. Waste products are not allocated a burden, but any burden associated with 

processing or treating waste products is allocated to remaining products and coproducts on a 

mass basis.] 

https://www.tfs-initiative.com/app/uploads/2024/11/List-of-accepted-PCR-by-TfS.pdf
https://www.tfs-initiative.com/app/uploads/2024/11/List-of-accepted-PCR-by-TfS.pdf
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• [Dow assumes that incinerated waste is without energy recovery unless there is a primary data 

available for energy recovery process where substitution approach is used for steam/heat 

recovery according to the guideline described in TfS substitution list document] 

• [The default allocation method shall be based on physical relationships, mass or energy 

content: Dow uses mass-based allocation thus the inputs used in each process node are 

proportionally allocated per unit mass of output.]   

 

 

5.2. Step 2: Product composition mapping 

• A final product may be produced from a combination of multiple process nodes. 

• A product composition map describes all possible process nodes that could be used in 

production of a final product.  

• Composition maps will consist of five types of objects:  

1. Primary inputs (ingredients): Raw materials or energy products purchased from a 

third party (or self-produced energy)  

2. Optimized Intermediates (OIs): Purchased or produced products considered to be 

“mixed” across production sites i.e., they have wide internal distribution networks. 

Optimized Intermediate products may be attributed freely in any mass-energy balance 

for any technologically compatible node. Optimized Intermediate products can be 

further subdivided into two types of nodes: 

— Static nodes: Nodes producing Optimized Intermediate products but using a 

pre-defined attribution of emissions factors to mass-energy balances. Static 

node products are calculated based on a proportional attribution of material 

inputs to output products. Purchased OIs are considered as static nodes. 

— Dynamic nodes: Nodes producing Optimized Intermediate products but using 

a dynamic attribution of emissions factors to mass-energy balances. Optimized 

intermediates on dynamic nodes may be used in a multi-site attribution mass 

balance model (5.3.1) 

3. Downstream Products (DPs): Products considered to be physically segregated 

across the production network. Downstream products may either be sold directly to the 

customer or used in production of a subsequent downstream physically connected 

product.  

4. Downstream process nodes: Nodes producing downstream products. Downstream 

process nodes may only be attributed emissions factors from physically connected 

materials and energy sources (except for Optimized Intermediate products which are 

considered to be part of a multi-site system boundary). Although downstream process 

nodes may only attribute physically connected emissions factors they may do so on a 

mass-balance basis  

5. Final product delivery nodes: Nodes representing the final physical location from 

which a product is delivered to a customer.  

• Composition maps are constructed in a recursive manner such that each map begins with the 

node from which a final product is delivered to a customer. The inputs required to that node 

(other nodes or ingredients) are subsequently incorporated into the composition map. 

• Some nodes or ingredients in the product composition map will be physically connected to 

each other (either a limited or unlimited volume). Other nodes or ingredients may be compatible 

with the mass-energy balance of a downstream node but may not be physically linked such as 

the case for OIs.  

https://www.tfs-initiative.com/app/uploads/2024/11/List-of-substitued-products-Multi-output-TfS.pdf
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5.3. Step 3: Emissions factor attribution  

• The GHG impact of each process node may be calculated by attributing emissions factors to 

the mass-energy balance “recipe” required to make 1kg of product (Fig. 2).  

• Emissions factor attribution enables quantification of the GHG impact of a process node, known 

as an Intermediate Carbon Footprint (ICF). 

• Emissions factors are defined as the Cradle-to-Gate GHG impact of each input used in the 

mass-energy balance of a product.   

• Emissions factors are referred to as ICFs if the input material or energy is self-generated in 

another process node, or partial PCFs if the attribute is sourced from a 3rd party (ingredient).  

• Emissions factor attribution may follow a multi-site mass balance logic. 

 

Figure 1 Illustrative example of a GHG attribute calculation for a process node. 

5.3.1. Introduction to the mass-balance approach for attribution  

• Some PCF methodologies require that only emissions factors associated with the physical 

material or energy inputs used in a processing step may be used in PCF calculations.   

• However, this methodology deploys the concept of multi-site mass balance with non-

proportional attribution for purposes of emissions factor attribution to mass-energy balances. 

This is similar to the “inventory” mass-balance logic discussed in TfS guideline version 3.0 

section 5.2.20.5 (pages 88-91) 

• This approach builds on existing market precedents for the use of mass balance in GHG 

calculations in ISO 22095:2020 - Chain of custody — General terminology and models and 

most notably the credit-based method detailed in ISO 22095-2:2026 - Chain of custody — Part 

2: Requirements and guidelines for mass balance. 

• In addition, this approach is consistent with other standards and guidelines for biogenic and 

circularity accounting such as ISCC PLUS, The Ellen McArthur Foundation, The EU SUPD and 

PPWR. 

• Mass balance is a chain of custody approach used for tracking the flow of specified 

characteristics of inputs (in this case low carbon inputs) through a production process or value 

chain in situations where inputs with specified characteristics (in this vase low carbon 

attributes) are mixed with conventional inputs.   

• In these instances, the mass of the inputs and outputs of the system are recorded such that 

the total volume of materials with specified characteristics claimed in output products plus 

https://www.iso.org/standard/72532.html
https://www.iso.org/standard/84427.html
https://www.iso.org/standard/84427.html
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losses are equivalent to the total volume of inputs with specified characteristics (low carbon) 

which could be used in the system under study.   

• Mass balance calculations are typically implemented in a three-step approach:  

o Calculate the conversion factor: Conversion factors describe the volume of each 

input (raw materials, fuel, and energy) needed to produce 1 kg of output. In this 

document, the conversion factor is determined based on the input allocation 

methodology (see above), whereby the mass-energy balance in each process node 

defines the volume of inputs require to produce 1 kg of output product.  

o Establish an inventory of attributes to balance: while many mass-balance standards 

focus on bio- or circularity- attributes of feedstocks, this methodology implements 

mass-balance as a mechanism to trace GHG attributes, known as emissions factors 

across all types of input. Emissions factors (EFs) include partial PCFs for purchased 

material, emissions factors for fuel and energy inputs and intermediate carbon 

footprints of internally-produced products (outputs of prior process nodes).  

o Complete mass balance calculation within defined system boundaries (5.3.2) and 

attribution method (5.3.3): The system boundary for balancing of input attributes to 

output products may vary in both space and time.  

5.3.2. System boundary definition  

• As per ISO 14067, a system boundary is defined as “boundary based on a set of criteria 

representing which unit processes are a part of the system under study” where unit process is 

defined as “smallest element considered in the life cycle inventory analysis for which input and 

output data are quantified”. Herein process node represents the unit process.  

• Spatial boundary: Multi-site mass balancing  

o Some mass balance guidelines consider a system boundary to be limited to a single 

asset or production site whilst others consider a wider system boundary approach. 

ISO22095-2 provides requirements and guidelines for mass balance chain of custody 

model where multi-site is described.   

o ISCC PLUS considers a system boundary covering multiple sites within a jurisdiction / 

neighboring jurisdiction, while ISO 14067 (6.3.5) considers site-specific data used in a 

PCF study to be collected from “a specific site or can be averaged across all sites that 

contain the process within the system under study.”  

o This methodology defines a system boundary across all technically equivalent 

processes for the product under study, within an organization’s operational control.  

o ICFs of optimized intermediate products may be attributed to any technologically 

compatible mass-energy balance regardless of the geographic location of the process 

step or the facility to which the input material or energy associated with the emissions 

factor was physically linked.  

o Technical feasibility is defined based on both infrastructure (e.g., power grid extent), 

usage and equipment limitations. Technical feasibility should be defined and 

documented at the level of each process node.  

o By default a global system boundary will be used for mass-balance calculations of 

Optimized Intermediate nodes, however, this methodology also supports regional or 

physically connected system boundaries. Some product composition may have more 

than one OI, in this case each OI meets their residual check independent from each 

other..   

o Physical connectivity is defined as the possibility a unit of product could physically travel 

between sites.  
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o A site is physically connected if: There is a pipeline, for that product, between sites, OR 

there is a shipment between sites matching the volume requested by the customer in 

the ship-from location. 

o Physical connectivity definition in accordance with GHG Protocol and ISCC PLUS 

which ties connectivity to pipelines or a common logistics network (9.2; 9.4.1)  

o Physical connectivity for purchased inputs should be linked to the site at which a 

supplier product is physically consumed. Purchased input connectivity claims can only 

be made if supplier primary data is provided on a Cradle-to-Gate basis. 

o [Dow considers material inputs compatible if they share a unique material identification 

code (SMC – the lowest level of input material granularity / differentiation)] 

o [Dow considers combustibles to be compatible if they are compatible with the furnace 

type describe in the mass-energy balance, to be assessed on a case for case basis] 

o [Dow considers power to be technologically compatible based on the site in which it 

was physically consumed, i.e., only power consumed at a site may be used within a 

mass-balance calculation. Any node on the site can freely attribute any power type (up 

to the capacity available on the site). Available capacities of power allocated to sites 

will be net, i.e., less power sold to on-site tenants.] 

o [Dow will not prioritize use of physically connected supplier inputs during CFL 

calculations.] 

o [Dow will assume that physical connectivity supersedes regional boundaries i.e., if two 

sites are physically connected but in different regions, they will be assumed to be 

included within a regional limited system boundary] 

• Temporal boundary: Balancing period  

o A balancing period defines the period in which attributes may be used within partial 

PCF calculations based on the physical production date of a product. 

o The balancing period should be fixed to a calendar year. Mass-energy balances, node 

capacities and emissions factors may belong exclusively to one balancing period and 

are stored within the ledger. 

o A partial PCF may be calculated using mass-energy balances for products which are 

delivered to the customer within that same balancing period. Calculation of a partial 

PCF may use any attributes from material and energy inputs that are physically 

consumed within the same balancing period. 

o Mass-energy balances and node capacities are valid for use within the balancing period 

in which the associated physical product delivered to a customer. Some intermediates 

may be based on production.  

o Emissions factors are valid for use within the balancing period if they are not already 

attributed to an existing partial PCF, if they are physically consumed by a process node 

in the balancing period, and if they are expected to be confirmed by the supplier before 

the annual audit process – (see 4.1 and 5.3.1) 

o Attributes that are not used in specific partial PCF calculations within the balancing 

period will automatically be incorporated into a residual average PCF.  

o For forward looking partial PCF calculations, the full available forecasted capacity of 

nodes and emissions factors may be used, or may be restricted to preserve some 

capacity for in-year calculations. 

5.3.3. Attribution approach 

• In this methodology, attribution is a process which follows allocation. Allocation refers to the 

division of process inputs across one or more (co-product) outputs, for example on the basis 
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of mass. Allocation does not describe a distribution of input specified characteristics to output 

products.  

• Attribution is defined as “assignment of specified characteristics to an output or part of the 

outputs” in ISO17887 and ISO22095-2. 

• In this methodology for process inputs which have been allocated to the output product under 

study, specified characteristics may be freely attributed to each desired unit of output product.  

 

5.4. Step 4: Partial PCF Calculation  

• The Intermediate Carbon Footprint (ICF) of each node is calculated by attributing emissions 

factors to the mass-energy balance. 

• A final product Partial PCF may be composed of multiple node ICFs in the product composition 

map.  

• The inputs attributed into the mass-energy balance of each a node may be sourced from a 

third party, or another process node.  

• If an Optimized Intermediate product is required as an input to a process node, any 

technologically compatible OI within the organizational boundary, or purchased OI may be 

used in ICF calculations. 

• If an ingredient or Downstream Node product is required as an input to a process node, only 

physically connected attributes may be used in ICF calculations. 

• A final product Partial PCF is calculated recursively, started with the inputs required from the 

final delivery node. 

• The network of chosen attributes to each process node may be summarized in the product 

composition network. Effectively selecting the lowest GHG combination of ICFs from 

compatible nodes in the Product Composition Network 

• Once a partial PCF transaction has been initiated, the mass-energy balances, node capacities 

and emissions factors associated with the volume of final product requested are recorded in a 

transaction journal and debited from the ledger, avoiding any double counting in subsequent 

transactions.  

• For offers where multiple product partial PCFs are requested, calculations can be run in a 

sequential manner based on a specified hierarchy.  

 

5.5. Step 5: Residual check  

5.5.1. Residual ICF calculation  

• Once a low carbon partial PCF has been generated, the available production capacity of 

process nodes, and the inventory of emissions factors, will be impacted.   

• In situations where low carbon partial PCFs are not requested by a customer, a residual 

average partial PCF is calculated based on remaining capacities of process nodes and 

emissions factors. 

• Residual ICFs will be calculated at the level of selected intermediate or sold products, by 

averaging the mass-energy balances and remaining emissions factors associated with the 

production of each intermediate or final product (Figure 3, illustrative example). i.e., each node 

will calculate a residual value; node outputs will be averaged together based on volume 

weighting. 
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5.5.2. Residual check   

• The residual average partial PCF for products for which a multi-site system boundary is used 

(an Optimized Intermediate) in CFL calculations, should not increase (relative to a reference 

threshold) as a result of CFL mass-balance calculations  

• If the residual average partial PCF for an Optimized Intermediate product exceeds the 

reference threshold then no differentiated low carbon PCFs may be generated for that 

Optimized Intermediate product (global averages of that year for those OIs shall be used 

instead). 

• The reference threshold should be set based on a company-wide average partial PCF for each 

Optimized Intermediate product.  

• The reference threshold should be representative of typical company operations; hence the 

year used in reference partial PCF calculations could be a single representative historic year 

or a rolling average to adjust for anomalous or inherent operational variability. 

• The reference threshold year should be updated over time – at no point should the reference 

year be more than 10 years historic from the current calendar year. 

• A residual check shall be conducted on all Optimized Intermediate products to ensure that 

provisional and confirmed partial PCF calculations do not result in a residual average PCF that 

exceeds the baseline threshold.  

• A residual check is not required for final products that do not utilize a multi-site system 

boundary.  Any Optimized Intermediates used in production of final products that utilize a multi-

site system boundary are subject to a residual check prior to inclusion in partial PCFs  

• [The Dow reference baseline will be calculated using a 3-year rolling average to adjust for any 

anomalous or un-representative periods. The baseline will be set at 2020, equivalent to the 

Dow corporate baseline for GHG emissions. For some OIs, a different baseline year may be 

used instead if it is deemed more representative of the operations.  The baseline will be 

updated on a rolling basis such that the most recent year in the 3 year average represents no 

more than 10 year delta from the point of PCF delivery. 10 years was chosen to reflect the 

average depreciation period for decarbonization investments. For CFL calculations over time 

periods greater than 10 years, baselines may be forecasted for purposes of residual checks 

e.g., 2036 offer would be based on 2026 forecasted data.] 
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• [Factors such as operational variability could cause the residual to exceed the threshold in a 

given year. Dow will set residual buffers to reduce these impacts. Each residual buffer can be 

adjusted at Dow’s discretion if the residual PCF is not expected to reach / exceed the 

threshold.] 

• [Dow will not communicate provisional residuals to customers. Provisional residuals are only 

used for purposes of checking against the baseline threshold. Calculating the provisional 

residual will be based on all non-committed in-year attributes available at time of CFL PCF 

creation] 

5.5.3. Residual management 

• A residual check must be conducted during end of year reconciliation to ensure confirmed 

partial PCFs are compliant with the residual threshold requirement for OIs. 

• Residual checks may also be conducted during the creation of provisional PCFs to avoid 

situations where the threshold is un-expectedly exceeded during end of year reconciliation 

• Two approaches may be deployed for conducting this check during provisional PCF 

calculations 

o Calculation level check: Following a provisional partial PCF CFL calculation, a 

provisional residual partial PCF for all Optimized Intermediates is calculated. Should 

the provisional residual exceed the reference threshold, the CFL partial PCF calculation 

is restricted for that specific OI while other OIs that do not cross the threshold may still 

be used in CFL calculations.  

o Residual reserve: Prior to CFL calculations, the minimum volume of attributes required 

to guarantee the residual threshold for each Optimized Intermediate product are 

reserved and made unavailable for use in CFL calculations. 

 

5.6. PCF status and confirmation  

• Partial PCFs may exist in four states:   

o Simulated PCFs: PCF calculations are made in a simulated state such that no 

attributes are held in the ledger 

o Held PCF: Attributes are held in the ledger during ongoing customer negotiations 

o Provisional PCFs: Attributes are held in the ledger permanently and a PCF is 

communicated to the customer based on forecasted production volumes and the 

availability of low carbon inputs.   

o Confirmed PCFs: PCFs move from provisional to confirmed status once primary and 

secondary data has become historic actuals. Confirmed partial PCFs should only be 

issued after necessary internal and third-party assurance process have taken place to 

validate the integrity of third-party emissions factors as well as internal GHG accounting 

practices.  

o [Dow’s PCF confirmation will occur 6 months after year-end, allowing reconciliation via 

the assurance process (June 30 in the following year of the calendar year used in the 

balancing period)] 

• In addition to a low carbon partial PCF, provisional residual values will be calculated based on 

all non-committed in-year attributes available at time of CFL PCF creation.  

• However, final residual PCF values will not be calculated until the current balancing period is 

closed [Dec 31 of the current calendar year], based on remaining attributes in the annual ledger 

but only confirmed at end of calendar year following annual assurance processes. 
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• Once PCFs have been confirmed, they should not be retrospectively adjusted, even if the 

product delivery date falls within the balancing period of newly procured energy emissions 

factors or material ICFs or partial PCFs. There may be exceptions to this rule in case significant 

changes happen in standards, background data or allocation rules that trigger baseline 

recalculation for corporate accounting in Scopes 1, 2, 3 especially when customers use CFL 

PCF data for their target setting baseline. 

• [Dow will not communicate residual PCF values to customers until they are confirmed. 

However, the baseline value will be used for purposes of communicating the impact of a CFL 

PCF.]  

• [For Dow, assurance process are usually completed 6 months after the end of the calendar 

year following that in which the PCF was generated].   

 

5.7. Reconciliation 

• Forward looking PCF calculations are the primary use case for the Carbon Footprint Ledger, 

allowing estimation of partial PCFs in support of in-year or longer-term offtake contracts for low 

carbon products 

• For calculation of forward-looking provisional PCFs, forecasted data will be used in allocation 

and input attribution processes. 

• PCFs will only be confirmed when all underlying data is based on historic actuals  

• Actual data will be made available at the end of each calendar year, following an internal and 

third-party assurance process 

• Once actual data is available a reconciliation process will be run 

• During reconciliation, all PCF offers will be re-calculated but on the actual dataset rather than 

a forecasted data set.  

• By default, offers will be run through the reconciliation process in the same order in which they 

were created, however, user input may adjust the reconciliation hierarchy to increase the 

probability of specific offers being fulfilled.  

• If the actual data set differs from the forecast, some PCF offers may increase, whilst others 

may decrease because of the reconciliation process.  

• Differences identified in PCF calculations between forecasted and actual data sets can be 

minimized via use of a buffer applied to attribute capacities in the forecasted dataset i.e., 

making the forecast more conservative. 

• In cases of over-performance i.e., actual data allows for creation of lower partial PCFs 

compared with forecasted data, improved offers may be communicated to customers  

• In cases of under-performance CFL partial PCFs may be higher than those communicated in 

the provisional calculation. 

• Reconciliation will be conducted and confirmed only on an annual basis but may also be 

conducted intra-annually in response to updated forecasts, or partial actual data sets to check 

the progress against the offers. Intra-year reconciliations are not confirmed as the underlying 

data still contains projected data.  

 

 

  



 

21 
 

 

6. [Dow approach to specific cases]   

6.1. Bio-based raw materials and fuels   

• Plants convert atmospheric CO₂ through photosynthesis into biomass, which are then used as 

raw materials for chemical production, for example, ethanol, wood pulp, and palm oil. 

Elemental carbon in biomass is also called biogenic carbon, thus there could be atmospheric 

CO₂ uptake in bio-based chemicals. Biogenic CO₂ emissions can occur during processing or 

at product’s end-of-life.   

• ISO14067 requires biogenic CO₂ emissions and removals to be tracked and reported 

separately from other anthropogenic GHG emissions. TfS guideline version 3.0 (section 

5.2.10) provides more detailed guidance on how to report biogenic CO₂ emissions and 

removals, also aligned with ISO14067. Dow follows ISO14067 and TfS Guideline version 3.0 

where applicable for calculating and reporting partial PCFs for bio-based materials.   

• Since the scope of partial PCF considers biogenic carbon uptake stored in the product, the 

biogenic carbon content contained in Dow products shall be reported separately from partial 

PCF with the aim to close the biogenic carbon balance in further downstream calculations or 

at the end-of-life.   

• Separate reporting of biogenic uptake and emissions for partial PCF is not required if the 

product contains less than 1% biogenic carbon.     

• Partial PCF calculation for bio-based materials could be conducted using CFL mass-balance 

method described in this document given that third party chain of custody certification systems’ 

requirements for bio-based materials are followed (such as ISCC PLUS, REDcert2, UL ECVP 

2809, RSB Advanced Materials, FSC, RSPO, or equivalent).   

• When calculating partial PCFs for bio-based products with the CFL methodology, residual ICF 

check (described in section 5.5.2) is not required. Multi-site mass balancing for biobased 

products may follow additional certification requirements. Only sites certified under the chain 

of custody systems (noted above) can be mass-balanced with some restrictions (for example, 

at the same continent or bordering nations depending on the certification systems). 

 

6.2. Land use changes and aircraft emissions   

• In accordance with ISO14067, GHG emissions and removals occurring because of direct land 

use change shall be included in partial PCF calculation and shall be declared separately. GHG 

emissions and removals as a result indirect land use change can be considered for inclusion 

and – if calculated - shall be documented separately.  

• In accordance with ISO14067, GHG emissions from aircraft emissions shall be included in 

partial PCF calculation and shall be declared separately in the documentation. 

 

6.3. Circular materials   

• Dow products may contain recycled materials mixed with conventional materials. Partial PCFs 

for recycled materials may be calculated using CFL method described in this document given 

that third party chain of custody certification systems’ requirements for bio-based materials are 

followed (such as ISCC PLUS, REDcert2, UL ECVP 2809, RSB Advanced Materials, FSC, 

RSPO, or equivalent).   

• When calculating partial PCFs for recycled products using the CFL methodology, a residual 

ICF check (described in section 5.5.2) is not required. Multi-site mass balancing for recycled 
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products may follow additional certification requirements. Only sites certified under the chain 

of custody systems (noted above) can be mass-balanced with some restrictions (for example, 

at the same continent or bordering nations depending on the certification systems).  

• Dow may also communicate the benefit of recycled materials beyond Dow’s gate using the 

circular content cut-off approach described in Dow’s 2023 INtersections Progress Report (page 

172). This is a similar concept to what is described in TfS Guideline version 3.0 (cut-off plus 

approach depicted in Figure 5.15 on page 75).   

 

6.4. Carbon capture and storage (CCS)  

• For fossil-based CO₂ storage (CCS), TfS Guideline version 3.0 (section 5.2.10.4) describes 

how a partial PCF may be calculated with CCS included in the system boundary (Figure 5.21).   

• The CFL methodology recognizes the impacts of CCS through the accounting of intermediate 

or final products produced in a production step; CCS benefits accrue to these intermediate 

products rather than being internally transferred in the form of credits – this ensure the benefits 

are utilized within the same product system boundary (noted herein section 5.3.3).   

• If sequestered CO₂ represents a net removal of atmospheric carbon (e.g., due to the source 

of the CO₂ originated from direct air capture or biogenic uptake), then it may be considered a 

carbon removal mechanism and should be separately tracked (noted herein section 6.1).   

• Chain of custody systems for mass-balancing of CCS credits are still in development stages 

which will give more guidance regarding how to use fossil CCS credits. The CFL method may 

be updated when additional guidance becomes available.  

 

6.5. Carbon capture and utilization (CCU)    

• If utilized CO₂ is biogenic, which can be captured from air (direct air capture) or from biogenic 

sources, then it should be separately tracked as noted in section 6.1.    

• If utilized CO₂ is from fossil sources (for example, fossil ethylene oxide process emissions, 

hydrogen production emissions from fossil methane, etc.), the first product system should not 

account for CO₂ using the cut-off approach. This is similar to the logic used in plastic recycling 

where emissions from collection, processing and recycling of plastic waste is not allocated to 

prior plastic production system. This is discussed in TfS Guideline version 3.0 (section 

5.2.10.4) describes how a partial PCF may be calculated with CCU included in the system 

boundary (Figure 5.22).  Thus, CO₂ can be considered as its own product system where the 

capture unit burden is allocated to that unit of CO₂. Similar to recycling, Dow may also 

communicate the benefit of recycled CO₂ into materials beyond Dow’s gate using circular 

content cut-off approach described in Dow’s 2023 INtersections Progress Report (page 

172).This is a similar concept also described in TfS Guideline (cut-off plus approach depicted 

in Figure 5.15 on page 75).    

• Chain of custody systems for mass-balancing of CCU-based products are still in development 

stages. Thus, this guidance will be updated accordingly when additional guidance becomes 

available.  

 

6.6. Carbon credits and removals  

• Dow may utilize carbon credits and removals for carbon neutrality claims for some products 

under PAS2060 or ISO14068-1 standards. Since ISO14067 states that the PCF and the partial 

PCFs shall not include offsetting mechanism such as carbon credits, Dow reports use of carbon 

credits separately from partial PCFs.  

https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
https://corporate.dow.com/content/dam/corp/documents/about/066-00469-01-2023-progress-report.pdf
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• Dow currently does not claim carbon removals in its own operations (subject to change based 

on updated external guidance).  

 

6.7. Intra-company transportation 

• Due to limitations and challenge to allocate internal transport emissions in a mass-balance 

system, Dow-to-Dow internal transport emissions accounted for as a weighted average 

emissions factor for transport per kg product on active solids basis for all sold products (around 

0.1 kg CO2e/kg sold product). This changes every year and is calculated based on actual 

internal transport emission of the current balancing period divided by active solids basis of sold 

products. 
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7. Calculation method and tools  

• Multiple tools exist for calculation of Partial Product Carbon Footprints without using mass-

balance Tool options for products that are not affected by CFL method and do not conduct 

mass-balancing of low-carbon inputs include:  

• Microsoft Excel, a manual process (useful for quick calculations of simple processes) - Excel 

tools are not utilized for official annual partial PCFs reported to the customer.   

• SimaPro by Pre, which contains various databases including Ecoinvent that is the most utilized 

background LCI database within Dow.  

• LCA for Experts by Sphera, which has its own database LCI database called Managed LCA 

Content (MLC) formerly known as GaBi database. It also has Ecoinvent LCI database.   

• GREET or OpenLCA, which are free software and have access to publicly available LCI 

databases.  

• Calculation for materials that fall under ITAR (International Traffic in Arms Regulations, US) 

shall be done using tools and systems within Dow that are consistent with those rules.  

• Mass-balance PCF calculations may require novel tooling, in particular use of a digital ledger 

technology to robustly implement this methodology at scale to avoid double counting. 
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8. Documentation, confidentiality and revisions  

• Dow aims to report partial PCFs to its customers annually once the CFL method is deployed 

across Dow.   

• Since CFL is based on a mass-balance model, partial PCFs provided via CFL method should 

be assured by a third party on an annual basis to ensure the CFL method is practiced 

accordingly. Dow will use systematic approach PCF calculation described in Annex C of 

ISO14067 with an independent third-party assurance.  

• The default communication of PCF shall be based on global weighted residual average partial 

PCF for the product of interest. However, Dow may report PCFs at a more granular level (by 

region or site) aligned with other requirements.   

• Dow will only provide cradle-to-gate PCF to its customers and will not provide gate-to-gate 

PCF results due to confidentiality concerns (some of Dow customers are also direct 

competitors who operate similar processes).   

• Public disclosure of PCF shall not claim to “follow ISO14067” or “follow GHGP Product 

Standard” unless documents are prepared that are consistent with those standards.  

• PCFs shall not be used to make comparative claims of environmental superiority to competing 

products or to support marketing claims. Such claims would need to be supported by work and 

reporting consistent with ISO standards 14067, 14040 and 14044.  

• In the event of revisions to ISO 14067 and GHG Protocol Product Standard, Dow shall ask its 

assurance provider to see if this triggers new assurance evaluation.  

• In the event of revisions to the TfS Guideline, Dow shall evaluate if changes warrant a revision 

of this methodology document and conduct the revision and ask its assurance provider for 

recommendation if this triggers a new assurance evaluation. 

• [Dow may communicate PCF certificates under a non-disclosure agreement.]  
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9. Key updates in Version 2.0 

Version 2 converts CFL from a strong methodological concept into a systematic approach for PCF 

calculations.  

 

Changes summarized below based on key sections. 

 

System requirements:  

• Residual checks became mandatory for all Optimized Intermediates (OIs) using multi‑site 

system boundaries. 

• Baseline is defined as 3‑year rolling average and maximum 10‑year lookback. 

• Compatibility refined as “technical feasibility” aligned with ISO 22095-2 mass balance 

standard. 

• Process Nodes are clearly defined: Optimized Intermediates (OIs, used in multi‑site mass-

balance), Downstream Products (DPs, physical connected mass balance). 

• Balancing period fixed to annual reporting between January 1 and December 31. 

• Clear rules set on power, fuel, and material compatibility at node level. 

 

Data States and reconciliation:  

• Data states introduced: simulated → held → provisional → confirmed. 

• Clear separation between provisional vs. confirmed residuals. 

• Annual balancing period standardized all calculations. 

• Established a reconciliation logic: Forecasted data is compared against actual data 

• PCF confirmation timing set (e.g., June 30 of the following year) 

 

External Alignment:  

• Explicit alignment with TfS PCF Guideline v3.0 (Dec 2024) and PACT Method v3.0 (Apr 

2025). 

• Leveraged ISO22095-2 mass balance standard on attribution rules. 

• Supplier PCF acceptance criteria expanded and refined. 

 

Cut‑off Criteria:  

• More than 97% mass and energy inclusion (TfS‑aligned framing) updated from 98% in 

Version 1.0. 

• Internal transport added via weighted‑average factor that will be updated annually, Internal 

transport was cut-off in Version 1.0. 
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10. Annex A: Independent Limited Assurance Report 

 
 



 

28 
 

 
 

 

 


