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Carbon Emission Statements: Balance Sheets and Flow Statements

Abstract

Current corporate disclosures regarding carbon emissions lack generally accepted accounting
rules. The carbon accrual accounting system described here takes the rules of historical cost
accounting for operating assets as a template for generating Carbon Emissions (CE) balance
sheets and flow statements. The asset side of the CE balance sheet reports the carbon
emissions embodied in operating assets. The liability side conveys the firm’s cumulative direct
emissions into the atmosphere as well as the cumulative emissions embodied in goods acquired
from suppliers less those sold to customers. Flow statements report the company’s annual
corporate carbon footprint calculated as the cradle-to-gate carbon footprint of goods sold
during the current period. Taken together, balance sheets and flow statements generate key
performance indicators of a company’s past, current and future performance in the domain of

carbon emissions.

JEL classification: M41, M48, Q53, Q54.



1. Introduction

Recent years have witnessed numerous companies around the world issuing voluntary “net-
zero pledges” regarding their Greenhouse Gas (GHG) emissions.? According to a 2022 survey,
more than two-thirds of the Fortune 500 firms have articulated the goal of reaching a net-zero
position by 2050 (Gill, 2022). Beyond pledging to drive their corporate carbon footprints to zero
in the future, companies increasingly advertise select products as being already “carbon-
neutral”.® While these announcements have been heralded as a potentially significant step in
the effort to decarbonize the global economy, analysts have argued that the lack of commonly
accepted measurement and reporting standards for greenhouse gas emissions ultimately
obscures the credibility of corporate claims as well as companies’ commitments to a net-zero

trajectory.*

This article argues that the adoption of carbon accrual accounting systems that mirror historical
cost accounting for operating assets can provide analysts and society at large with
comprehensive information about a company’s emissions performance over time. In financial
accounting, accruals enable the separation of stock from flow variables. In direct analogy, an
accrual accounting system for Carbon Emissions (from here on abbreviated as CE) entails a CE
balance sheet and a CE flow statement. The latter effectively becomes the equivalent of an
income statement in financial reporting. CE balance sheets and flow statements enable
companies to provide systematic and time-consistent reports about their past, current and
future carbon emissions. In particular, CE balance sheets allow analysts to gauge whether

companies are on track to meet their own voluntary carbon reduction pledges.

2 As explained below, the analysis in this paper focuses on carbon dioxide (CO;) equivalents
which account for GHGs other than CO; with an appropriate multiplier.

3In response to the rapidly growing number of claims by companies that some of their products
are “low carbon” or even “carbon neutral”, the European Commission recently adopted a
Directive on Green Claims that seeks to prevent frivolous and misleading claims regarding the
carbon content of select products (European Commission, 2023a). In the U.S., companies like
Delta Airlines face litigation over sweeping carbon neutrality claims (Greenfield, 2023).

4 See, for instance, Tollefson (2022), Fankhauser (2022) and Aldy et al. (2023).



In contrast to financial reporting, the asset side of the CE balance sheet does not report
conventional asset values, but instead records the emissions embodied in the firm’s operating
assets, including long-term assets as well as inventories. The sources of these emissions,
recorded on the liability side of the balance sheet, are either the firm’s own direct (Scope 1)
emissions or those incurred by companies along the firm’s upstream supply chain. When goods
and services are sold, the corresponding liabilities are effectively reduced by the amount of

emissions embodied in those goods and services.

With concerns about climate change intensifying, corporate buyers and retail customers
increasingly seek information about, and take responsibility for, the emissions that have gone
into products and services purchased from suppliers.® In accordance with this broader
corporate social responsibility perspective, the accounting system described in this paper
postulates that Product Carbon Footprints (PCFs), i.e., tons of carbon dioxide per unit of the
product, encompass all emissions from a product’s cradle(s) to the company’s gates.® Provided
this approach is increasingly adopted by companies along a supply chain, the resulting cradle-
to-gate PCFs measures will be determined in a recursive and informationally decentralized
manner. In direct analogy to how product costs are determined along a supply chain, the
calculation of PCFs would then rely on local knowledge of the direct emissions actually incurred

at each stage of the supply chain (Kaplan and Ramanna, 2021).7

> In auctions for public construction projects, for example, European procurement agencies
require so-called Environmental Product Disclosures that include a measure of the CO;
embodied in the cement product that bidders submit for consideration; see HeidelbergCement
AG (2021).

¢ The chemical company BASF refers to its PCF measures as cradle-to-gate product carbon
footprints (BASF, 2021; Kurtz, 2022). BASF also discloses that its methodology for calculating
PCF’s is consistent with the guidelines provided by Together for Sustainability (2023), a
consortium of companies in the chemical industry.

’The E-liability approach of Kaplan and Ramanna (2021) advocates for goods transacted along a
supply chain to be accompanied by a measure of the accumulated carbon emissions. The
corporate accounting system described in this paper integrates the resulting cradle-to-gate
PCFs into an annual CE statement comprising both a balance sheet and a flow statement.



The accrual accounting system introduced here distinguishes between carbon emission stock
and flow variables. The rationale for doing so is essentially the same as in financial accounting.
To assign a proper share of the total direct and indirect emissions incurred in any given period
to the emissions embodied in products sold, the accounting system relies on both
intertemporal and cross-sectional accruals such that the annual CE flow statement reconciles
with the CE balance sheet. Taken together, CE statements enable a comprehensive and time-

consistent assessment of a company’s carbon emissions performance.®

Regarding a company’s current Corporate Carbon Footprint (CCF), the natural flow measure
emerging in our responsibility accounting framework is Carbon Emissions in Goods Sold (CEGS).
Like Cost of Goods Sold (COGS) in income statements, CEGS yields the total tons of carbon
dioxide obtained as the sum of the individual PCFs multiplied by the current sales quantity of
that product. CEGS thus becomes a measure of the current damage that products sold by the
firm have contributed to the global climate. As a measure of damage inflicted, CEGS represents
a loss that decreases owners’ equity on the CE balance sheet. The ratio of CEGS to COGS

becomes an effective measure of the average carbon intensity of a company’s sales products.®

Just as balance sheets and income statements convey essential information about a firm’s
financial position, CE statements yield several key indicators of a firm’s past, current and future
performance in the domain of carbon dioxide (CO2) emissions. The liability side of the CE
balance sheet tallies a firm’s cumulative Direct Net Emissions (DNE), that is, cumulative direct
emissions less any applicable carbon dioxide removals that the company has accumulated after
some reference date.'® Cumulative emissions, as opposed to current emissions, are a key

performance indicator for technology firms like Google and Microsoft that have set the more

& In the public discussion about climate change, German companies and analysts frequently
refer to “Klimabilanzen”( which translates to “climate balance sheets”). Yet, these references
generally do not pertain to balance sheets that indeed balance debits and credits, but simply to
a list of a company’s product related emissions (Omnicert, 2023).

The British Companies’ Act of 2013 requires publicly listed firms to report a measure of carbon
intensity in addition to their absolute Scope 1 and 2 emissions (Downar et al., 2013).

1 See Appendix B for a comprehensive list of all acronyms.



ambitious goal of removing from the atmosphere their entire legacy emissions (Smith, 2020;
Pichai, 2020). Companies seeking to highlight the trajectory of their recent direct emissions and
removals can do so by providing line-item information by decomposing the cumulative values in

those balance sheet accounts into their recent annual increments.

The asset side of the CE balance sheet shows the emissions embodied in the firm’s long-term
operating assets, e.g., machinery and equipment, as well as emissions embodied in inventories.
The significance of this carbon metric is that the emissions recorded in operating assets will
flow through to the firm’s sales products in future periods. Therefore, the overall CO; balance
on the asset side of the CE balance sheet generates a lower bound for the total emissions that

the company will report in connection with its future product sales.!?

In today’s reporting environment, the most common corporate carbon flow measure is direct
emissions, adjusted for any recognized CO; offsets in the current year. Any claim for a company
to be on a path to net-zero according to the CEGS metric is generally more stringent than a
corresponding claim when CCFs only comprise direct net emissions. In order for a firm to drive
CEGS to zero, both its direct emissions and the indirect emissions acquired from suppliers in its
production inputs must go to zero, unless one of these turns carbon negative. In comparison to
DNE, the CEGS metric is also less vulnerable to opportunistic outsourcing of carbon intensive
production processes. Specifically, a company can claim substantial reductions in its direct
emissions simply by redrawing the boundaries of its business, e.g., divesting itself of in-house

power generation.

Because the carbon accounting system described here builds directly on the principles
underlying historical cost accounting, it should be relatively straightforward to adapt existing
accounting enterprise software to keep the books for carbon accounting (Amran, 2023).

Further, it should take only “reasonable” effort for external auditors to certify that CE

1 The tons of CO, recorded on the asset side of the CE balance sheet only provide a lower
bound for emissions to be reported in future PCFs because these will also include the firm’s
actual direct emissions in future periods.



statements were prepared in accordance with principles that mirror generally accepted
accounting principles for operating assets. Auditor certification will be particularly important
for regulatory compliance such as the determination of carbon import duties tied to a product’s
assessed PCF. The European Union has decided to impose such import duties by the year 2026

under its Carbon Border Adjustment Mechanism.!?

The remainder of this paper is organized as follows. Section 2 reviews the challenges companies
face in reporting their carbon emissions in accordance with the Greenhouse Gas Protocol.
Accrual accounting for CO; emissions and the resulting CE balance sheets and CE flow
statements are introduced formally in Section 3. Section 4 takes the perspective of an analyst
examining a company’s CE statement in order to assess any progress the company has made on
its decarbonization path. We discuss several remaining issues regarding carbon accounting in

Section 5. Conclusions are presented in Section 6.

2. Current Carbon Reporting Frameworks
The Greenhouse Gas Protocol currently is the common reference framework for assessing
corporate carbon footprints. As the name suggests, the GHG Protocol covers multiple
atmospheric gases with global warming potential. Our discussion here focuses exclusively on
CO; because of its dominant contribution to global warming, and because for many businesses
it is effectively the only greenhouse gas emitted. Furthermore, the climate science community
has developed widely accepted multipliers that convert different GHG emissions to so-called

COae, or CO; equivalents.®3

The Protocol classifies direct emissions as those stemming from flue gases and tailpipe exhaust
streams at a firm’s own production facilities (Scope 1). Indirect emissions (Scope 2 and 3) are

those emanating from operations in a company’s upstream supply chain as well as those

2 The objective of the Carbon Border Adjustment Mechanism (CBAM) is the creation of a level
playing field for imports to the European Union from countries that do not subject producers to
the European Union’s price on carbon emissions (European Union, 2022).

3 For a recent reference, see Together-for-Sustainability (2022).



generated by the company’s customers, their customers and so forth. Scope 2 is a carve-out
from the broader category of indirect emissions, as Scope 2 emissions pertain exclusively to the
generation of electricity and heat provided by external suppliers (World Resources Institute,

2004).

Many jurisdictions around the world, including the U.S. and Europe, require major CO; emitters
to report their annual direct (Scope 1) to federal registries. For jurisdictions that have adopted
carbon pricing regulations in the form of a carbon tax or a cap-and-trade system, emission
charges are usually based on a company’s direct emissions. Those jurisdictions have instituted
detailed measurement and verification systems for determining a company’s actual direct

emissions in any given year and the resulting carbon charges (Downar et al., 2021).

The assessment of Scope 3 emissions, in contrast, appears to have been uneven in practice. A
recent study by Hale (2021) found that in a sample of 417 companies, the vast majority
disclosed their Scope 1 and 2 emissions, and about 20% included some Scope 3 figures.
Technology firms like Google indicate that they limit their count of Scope 3 emissions to
employee commuting and travel. A survey of the entire computer technology sector found that
firms underreport their Scope 3 emissions by about half relative to the standards of the GHG

Protocol (Klaassen and Stoll, 2021).14

It is widely acknowledged that assessing a company’s Scope 3 emissions entails enormous data
collection challenges. Most companies hire outside consultants that perform a life-cycle
analysis (LCA), frequently based on input-output tables, for the emissions associated with the
goods and services transacted by the company. However, outside consultants must generally
rely on industry-wide average emission estimates rather than primary data reflecting the actual
emissions incurred by the parties along a company’s supply chain. Consequently, any

reductions in actual emissions achieved by a company and its suppliers will not be fully

14 Glenk (2023), Griffin and Sun (2023) and Wagenhofer (2023) point out multiple obstacles to
making the reporting of Scope 3 emissions comparable across firms and informative for a firm’s

stakeholders.
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reflected in the company’s reported carbon footprint metrics (Kaplan, Ramanna and

Reichelstein, 2023).

A further issue with comprehensive Scope 3 assessments is the impossibility of measuring the
carbon emissions incurred through the future use of a sales product at the time the product
leaves the seller’s gates. To illustrate this difficulty, consider the sale of an aircraft to an airline.
According to the GHG protocol, the manufacturer should take a life-cycle perspective in
estimating the total lifetime emissions - from cradle to grave - generated by operating the
aircraft. Such estimates, however, must remain speculative, as they require forecasts for both
routes and miles flown in future years as well as the type of fuel the aircraft will be using, e.g.,
kerosene versus sustainable aviation fuels. These considerations explain in part why the 2022
exposure draft by the SEC envisions a safe harbor provision for corporate Scope 3 disclosures

(Security and Exchange Commission, 2022).

The experience companies have in tailoring the design of costing systems to their own
operations should allow them to assess the actual carbon emissions embodied in different sales
products, provided they have reliable information on the carbon balances embodied in the
inputs received from suppliers. At each link in the chain, firms can then rely on primary data
regarding their own production activities, their own direct emissions and the indirect emissions
represented by the carbon balances of their production inputs, the latter ideally calculated in a
recursive manner by the firm’s upstream suppliers. Several multinational firms have recently
developed internal carbon accounting systems that calculate PCFs based on the company’s
current actual direct emissions (BASF 2021, Kurtz, 2022; Meier, 2022). As detailed in Appendix
A, industry consortia, like Catena-X for the automotive industry and TfS for the chemical
industry, have formulated industry-specific standards (“rulebooks”) for the calculation of PCFs

(TfS, 2022; Catena-X 2023).

The informational advantages of calculating PCFs in a decentralized and recursive manner are

readily illustrated in the context of the above aircraft example. Suppose the airline receives a



cradle-to-gate PCF measure from the manufacturer of the aircraft. Ideally, this figure reflects
the actual emissions embodied in the constituent aircraft parts as well as the emissions
accumulated in the aircraft’s assembly. The airline, in turn, calculates the carbon footprint of
individual flights by including the emissions associated with fuel combustion, other variable
inputs and a periodic depreciation charge on the stock variable representing the initial PCF of
the aircraft. Just as the cost of a flight is calculated by an internal costing system, a carbon
accounting system can determine the emissions required for an individual flight from the cradle
of all requisite inputs to the airline’s gate, i.e., the delivery of the flight. Aggregating the cradle-
to-gate figures for all flights undertaken in a particular year, the airline obtains a measure of its

annual Carbon Emissions in Goods Sold (CEGS).

Reliance on primary firm-level data for determining product carbon footprints in a recursive
manner along a firm’s supply chain is crucial for firms’ incentives to reduce CO; emissions. Any
reduction a firm obtains in its actual direct emissions will be fully reflected in the current PCF
metrics. Further, firms will be in a position to exert pressure on their suppliers to reduce the
PCF of inputs purchased by the firm. Companies like Microsoft or Mercedes Benz Group, for
instance, have indicated that the carbon emissions attributed to products and services included
in the firm’s Scope 3 count will become a criterion for supplier selection in the future (Comello

et al., 2022; Roettig, 2023).

In closing this section, we note that our focus on upstream Scope 3 emissions, as advocated
here, in no way prevents companies from issuing separate estimates for the probable emissions
associated with the future use of their products.'® By their very nature, these assessments must

remain estimates, while upstream Scope 3 reports, in contrast, can be based on actual

15 |n contrast to our historical cost perspective, Penman (2023) proposes a carbon accounting
system, focused exclusively on Scope 1 emissions, in which assets and liabilities can include
forward looking estimates. Companies can capitalize the emission reductions that are
anticipated from investments in carbon mitigation. These assets are counterbalanced by
corresponding liabilities such that any subsequent variances in the level of actual emission
reductions achieved are reconciled in future income statements.

10



emissions incurred, provided more firms along the supply chain undertake their own in-house
PCF measurements. Firms seeking to disclose cradle-to-grave carbon footprint measures in full
accordance with the GHG Protocol standard may therefore find it useful to split these

disclosures into cradle-to-gate actuals and gate-to-grave estimates.

3. Accrual Accounting for Carbon Emissions

This section illustrates the bookkeeping for carbon emissions through a sequence of sample
transactions that a business would undertake as part of its normal operational cycle. The
illustration applies to both manufacturing and service businesses. Assuming the company has
initiated a carbon accrual accounting system in a previous period, there will be an opening CE

balance sheet, as illustrated in Table 1.

CE in Assets CE in Liabilities and Equity
Buildings X1 V1 Emissions Transferred In (ETI)
Machinery & Equipment X2 V2 Direct Emissions (DE)
Raw Materials X3 (v3) Direct Removals (DR)
Work-in Process X4
Z Equity (EQ)
Finished Goods X5

Table 1: CE Balance Sheet (in tons of CO,)

The unit of measurement for all accounts is one ton of CO,.%¢ In direct analogy to a financial
balance sheets which maintain the identity:

Assets = Liabilities + Equity
at all points in time, the corresponding identity for CE balance sheets is:

CE in Assets = CE in Liabilities and Equity.

16 As noted above, companies can either account separately for greenhouse gases other than
CO,, or alternatively calculate CO; equivalents by applying suitable multipliers for other
greenhouse gases.

11



at all points in time. In the notation of Table 1, this identity becomes

4
Z Xi=Yy1tY,—Yy3tz

i=1

Like the entries on a financial balance sheet, the entries on a CE balance sheet represent stock
variables that accumulate carbon balances across time periods. Clearly, the CE balance sheet
does not record conventional asset or liability values. The accounts on the left-hand side record
the emissions embodied in the firm’s operating assets. The company effectively assumes
responsibility for these emissions (it ‘owns’ these emissions) as it acquires production inputs
and carries out its operations. The sources of these emissions, recorded on the liability side, are
either the firm’s own direct (Scope 1) emissions or those incurred by the firm’s upstream

suppliers.

We note that the sign of all entries on the CE balance sheet can be either positive or negative,
with the exception of Direct Emissions (DE) and Direct Removals (DR), both of which are always
positive numbers. As the name suggests, the periodic increment for DR represents the tons of
CO; that the company itself, or a contractor acting on its behalf, has removed from the
atmosphere in a given time period. These tons effectively represent negative direct emissions,
recorded with a negative sign in a contra-liability account on the right-hand side of the balance
sheet.'” Our convention of reporting Direct Removals in a contra liability account, shown with a
negative balance on the liability side, is convenient insofar as the left-hand side of the CE
balance sheet then carries the emissions embodied in the firm’s operating assets. These
embodied (stored) emissions will be become part of the firm’s emissions in goods sold in future

periods.

17 As discussed in more detail in Sections 3 and 5 below, the accounting for CO; removals, and
more for broadly for carbon offsets, is controversial. It therefore seems prudent to record
direct removals in a separate account rather than net these negative emissions against direct
emissions.

12



The firm’s direct (Scope 1) emissions and the carbon balances of goods and services acquired
from suppliers in any given period are added to the beginning balances of the DE and ETI
accounts, respectively. The balance in the ETI account may not increase from one year to the
next if the company has acquired inputs with negative carbon balances.'® When the firm sells
finished goods to customers, it absorbs the loss associated with the emissions embodied in the
goods sold in its Equity (EQ) account. The negative balance in EQ will therefore increase over
time unless goods sold have a negative carbon balance which would require direct removal

activities by the company in question or its suppliers.

Companies that seek to give the public a better understanding of the recent history of direct
emissions can do so by reporting the recent annual increments of the accounts ETI, DE, DR and
EQ as separate line items on the CE balance sheet. For instance, if y, represents the DE balance
(accumulated relative to some initiation date) for the year 2023, the CE balance sheet can
provide line-item information on the recent annual increments in direct emissions by reporting

the entire vector:

2023 ,,2022 20 prior
(yZ » V2 v V2 xx’yz ),
where yzpnor denotes the cumulative DE emissions prior to 20xx and the entries in the above

vector sum up to y>.

To illustrate the bookkeeping for the proposed system of carbon accrual accounting, the
Transactions Tableau in Figure 2 presents the bookkeeping entries for seven sample

transactions. The debits and credits for these transactions are shown in the rows labelled T1-T5.

18 Consistent with this approach, Catena-X (2023) and TfS (2023) recommend that inputs with a
demonstrated biogenic CO; uptake, e.g., biomass, be included with a negative sign. Doing so
will have a net-zero effect on the PCF of the final product PCF because the emissions caused by
the combustion of the biomass will be included in the company’s direct emissions.

13



Table 2: TRANSACTIONS TABLEAU

CE in Assets CE in Liabilities
Accounts PPE MAT WIP, WIPq, FG; FGn ETI DE DR EQ
Beginning
Balance BBppr | BBppg | BBwip, | .. | BBwip, | BBrg, BBy, BBgy;| BBpg | BBpr | BBgg
Transactions:
T Uy Uy
T — Uz Uz1 Uzm
5 —uz U3, U3y
T Uyq Ugm Uy
Ts —Usq wo | —Usm —ug
Ts — V61 ~Vem | We1 Wen
T — U7 —U7p —Uuy
Ending EBppg EBppg | EBwip, | .. | EBwip,, | EBrg, EBpg, EBgr; | EBpr | EBpr | EBgq
Balance

14



Changes to the asset and liability accounts are recorded in the columns of Table 2. Beginning
balances, denoted by BB, are shown in the second row of the tableau. For reasons of
parsimony, the two accounts Buildings and Property and Equipment in Table 1 have been

combined into Plant, Property and Equipment (PPE) in Table 2. Thus, x; + x, = BBppg.

Table 2 shows m different Work-in-Process accounts (WIPi, WIP,,.,WIPy,), and n different
Finished Goods accounts (FG3, FGg, ... ,FGn). Reconciling these with the notation in Table 1, it

follows that:

m
Z BByp; = X3,
i=1

and

n
Z BBFGi = X4_.
i=1

Among the seven sample transactions featured in Table 2, transaction T1 pertains to the
purchase of raw materials. If the suppliers of these materials have adopted their own certified
carbon accounting system capable of assigning these materials individual PCF measures, the
buyer can rely on these figures to debit its own MAT account(s). Otherwise, the buyer will need
to estimate the emissions embodied in purchased materials based on secondary industry-level
data.!® Double-entry bookkeeping requires the carbon balance of the MAT account to be
debited by u; tons of CO,, with the corresponding credit recorded in the ETI account

(Transaction 1).

When materials are transferred from inventory to production, the corresponding emission

balances are transferred to the firm’s Work-in-Process (WIP) accounts (Transaction 2). There is

19 |n direct communication, the chemical company BASF has indicated that as of late 2022 only a
minority of the company’s suppliers provided PCF figures based on primary data regarding the
actual emissions incurred by the supplier. In order for BASF to include these supplier reported
PCF figures in its own carbon footprint calculations, the supplier’'s PCF measurement system
must be certified by BASF (Kaplan, Ramanna and Reichelstein, 2022; TfS, 2023).

15



no change in liabilities associated the internal transfer of emissions across operating assets. In

our illustration, the total number of tons of CO, transferred is:

m

Z Uy = Us.

i=1
Similarly, no additional liabilities are incurred when depreciation charges reduce the book value
of the PPE account (Transaction 3). The beginning balance of the PPE account, i.e., BBpp,
represents current book value, that is, the emissions that were initially capitalized when the
long-term assets were acquired, less depreciation charges accumulated in previous periods.
Accordingly, the WIP; accounts are debited with depreciation charges in the amounts of us;

tons, with the corresponding credit going to the PPE account:

m

Z Uz; = Usz.

i=1
Suppose next that as part of its annual operations the company directly emits u4 tons of CO..
These Scope 1 emissions are first assigned to the Work-in-Process accounts and ultimately to
the company’s sales products. The assignment rules for these direct emissions, as well as the
indirect emissions transferred in transactions T> and T3, can be based on internal allocations
akin to cost accounting rules that assign overhead costs to different products. In the context of

carbon accounting, a PCF measurement system can be conceptualized as a mapping:
f: (Current DE, Current DR, CE Inputs) > CE Outputs.

Here, CE inputs reflects the indirect emissions accumulated by the firm’s suppliers, their
suppliers and so forth. Inputs generally comprise consumable goods, like components that go
into a product, and the periodic use of capital goods, in which case the corresponding carbon
balance can be prorated through annual depreciation charges. For multi-stage production
processes, CE Outputs will first be added to the balances in the work-in-process accounts and
ultimately to finished goods. Appendix A illustrates how well-established product costing rules,
such as activity-based costing, joint cost allocation rules and ISO rules, have been adapted to
configure the internal carbon allocation systems for companies in the cement, chemicals and

automotive industries.
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The central role of the PCF measurement system, as represented by the mapping f(-) above, is
to determine how Scope 1 and Scope 2 emissions, that generally fall into the category of
overhead items for multi-product firms, are charged to different sales products. In order to
capture the causal relation between emissions associated with specific production activities
and the extent to which different products require these activities, the allocation rules should
reflect the specific configuration of the underlying production processes. The extensive
literature on product costing suggests that companies can choose “carbon pools” (the
equivalent of overhead cost pools) and “drivers” (allocation bases) that capture the relation
between resources consumed and their associated carbon emissions.?° Similar to the discretion
companies have in tailoring their inventory costing rules to the specifics of their own
operations, PCF measurement systems will generally be company-specific. In order to be
certifiable, the measurement system may also need to be compliant with industry-specific
standards such as those articulated by industry associations, e.g., Catena-X (2022) and TfS

(2023).2

One universal constraint on PCF measurement systems ought to be that the sum of direct
emissions and indirect emissions embodied in production inputs, less applicable direct
removals, must equal the emissions assigned to outputs. This balancing property was
maintained for the sample transactions T, and T3 above, as total debits were in both cases
equal to total credits. Similarly, the allocation of the firm’s Scope 1 emissions to the different

WIP accounts in transaction T4 is balanced provided:

20 See, for instance, Datar and Rajan (2019), Kaplan and Cooper (1998) and Kaplan and
Anderson (2004).
21 The case study by Landaverde et al. (2023) points to possible inconsistencies and under-
counting of emissions when different industry associations advocate for different allocation
rules in assigning intermediate products their PCF. Landaverde et al. (2023) illustrate this issue
in connection with slag, a by-product of steel making. The specific rules adopted for calculating
the PCF of slag determine whether this by-product qualifies as a low-carbon supplementary
material for Portland cement (World Steel Association, 2014).

17



m
Z u4i = u4.

i=1
Most multinational firms that have pledged to cease emitting greenhouse gases by 2050 have
made their pledge on a net-zero basis. Thus, any gross emissions remaining at the target date
must be compensated by carbon offsets.?? Our sample transaction Ts focuses on a setting
where the company in question, or a contractor acting on its behalf, has removed us tons of CO;
from the atmosphere. The removal activity could be nature-based or engineered, e.g., direct air
capture combined with geological sequestration (Wilcox, Kolosz, and Freeman, 2021). Suppose
further that this removal is accompanied by an assurance that the us tons of CO, will be
“durably” removed from the atmosphere, that is, none these us tons will be released back into

the atmosphere for a sufficiently long period of time, say for at least several hundred years.?3

As argued above, the assignment of direct emissions to individual products (WIP accounts)
should reflect the causal link between production activities and their associated CO, emissions.
However, there will generally be no such causal link for direct removals. This naturally raises the
guestion whether generally accepted carbon accounting principles should leave companies with
full discretion in assigning these removals. Specifically in connection with Ts, should the
company be in a position to choose any vector (uss,...,Usm), provided its entries add up to us?
Giving firms such discretion will make carbon removals a tool for “managing” the reported PCF
of select consumer products that are deemed to have a high demand elasticity with respect to
CO; emissions. At the same time, such discretion may provide much needed incentives for firms

to acquire carbon removals in the first place.?* Concerns about selective “greenwashing” will be

22 Recent years have witnessed a trading boom in the voluntary carbon markets, fueled by
companies purchasing carbon offsets (Bloomberg Green, 2021).
2 Parts of the literature on carbon dioxide removals insist on “permanent” rather than
“durable” removals, requiring that subsequent CO; releases will not occur for at least 1,000
years (Microsoft, 2021).
2 As of 2022, a cost of $100 dollars per ton of CO, was widely considered the “holy grail” of
carbon removals (Ma, 2022; Frontier 2023). Compliance markets currently provide few if any
incentives for companies to acquire removals. In particular, the European Union’s Emission
Trading System does not allow for carbon removals to offset the number of emission permits
required to cover a company’s direct emissions.
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mitigated by requiring disclosures that disaggregate the reported PCFs into their constituent
components, i.e., direct emissions, direct removals and carbon emissions embodied in
upstream production inputs. Section 5 below discusses several remaining issues in connection

with the accounting for carbon offsets.

Once work-in-process is completed, the carbon balances accumulated in the WIP accounts are
transferred to the corresponding finished goods (FG;) accounts on the asset side of the CE

balance sheet (Transaction 6). The corresponding balancing requirement is:

Vgi = Z Wei-

m n

i=1 i=1

The carbon balances wgj, for 1 <i < n, are calculated as units of finished good i added to
inventory multiplied with the PCF; of product i. Thus, PCF; can be interpreted as the carbon

accounting analogue of a product’s (historical) unit cost.

As more companies along a supply’s chain adopt their own internal PCF measurement system,
the resulting PCFs moving along the supply chain will increasingly reflect an allocated share of
each company’s actual direct emissions, an allocated share of those actually incurred by its
immediate suppliers, their suppliers’ suppliers, and so forth up the entire supply chain.
Importantly, this recursive calculation process will increasingly reflect firm-level data based on
actual emissions incurred at 