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Because of legislation and rising public pressure, financial institutions have begun to estimate and publish their
financed greenhouse gas emissions. Such emissions are indirect from financial institutions' own greenhouse gas
emissions and result from those companies' financial institutions invest in or lend capital to. The current
convention to allocate indirect carbon emissions of investments and loans does not reflect the duration of such
loans or investment holdings, nor the variability of carbon emissions from the underlying investments. Instead,
the convention is to use an outstanding loan or investment at year-end against an enterprise value including cash
to estimate the portion of emissions from the investment to be allocated to the investor or a financial institution.
Using such methods can result in faulty conclusions, as investment portfolios can change dynamically, where
some investments may be omitted from a portfolio while others enter a portfolio later in a year. Additionally,
company emissions may vary greatly throughout the year, be it because of seasonality or other factors. This
pitfall results in moderately skewed financed emissions from financial institutions at best, outright wrong at
worst, and opens the possibility for greenwashing. In this paper, we provide a novel way to address this, which

we demonstrate through a case study.

1. Introduction

The financial sector is important in lowering greenhouse gas emis-
sions in non-financial sectors (Monasterolo, 2020). The sector can play
this part by motivating companies and sectors to lower their greenhouse
gas emissions through favorable lending terms and increased in-
vestments. Previous research has demonstrated the strong link between
green energy investments and greenhouse gas emission reductions
(Hassan et al., 2022). Banks can do this by providing specific products,
such as green car loans and better mortgage rates for environmentally
friendly housing. The investment and lending decisions made within
financial institutions are often the deciding factors if projects are
developed, companies deploy products or initiate operations if they are
early stage. A common hurdle for financial institutions is the early na-
ture of climate solutions, which are often in its infancy, with little
operating history, unproven business plan and involve high risk. Such
ventures often appeal more to venture funds rather than conventional
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credit institutions which generally have less risk tolerance. This pivotal
role has been understood within the financial sector but robust meth-
odologies to monitor the impacts have historically been lacking. The
European Union has introduced a regulation (European Union, 2023)
within its Sustainable finance package, generally called the EU Taxon-
omy, which acts as a classification system for sustainable activities. Its
intention is to facilitate investments in environmentally friendly activ-
ities and help investors to avoid greenwashing. Under the EU Taxonomy
regulation, companies of a certain size must declare how much of their
turnover, capital expenditures, and operational expenditures are eligible
under the Taxonomy regulation and how much is aligned with the
regulations technical criteria to be classified as environmentally sus-
tainable or contribute to sustainability. The EU Taxonomy does however
not require companies to report on greenhouse gas emissions nor does
the regulation help financial institutions to understand the greenhouse
gas emissions associated with their investment or lending activities.
Upcoming regulation, the Corporate Sustainability Reporting Directive
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(CSRD) will however require companies of a certain size to report on
greenhouse gas emissions, which can eventually be used by financial
institutions to estimate indirect emissions.

Financial instruments have also been deployed with a specific focus
on lower environmental impact. One such instrument is green bonds
where the proceeds are used to finance projects which have environ-
mental benefits. As of 2022, green bonds have raised approximately USD
2 trillion which are intended to finance projects such as clean energy and
low-carbon transport (Climate Bond Initiative, 2023). There are a vari-
ety of types of bonds linked to sustainability, such as social bonds where
proceeds are used to improve social factors such as access to education
and healthcare, sustainability-linked bonds where interest rates are
determined by pre-defined key performance indicators (KPI's), and
transition bonds where proceeds are intended to finance a transition
from fossil fuels to clean energy within companies operating in high
emitting sectors. The issuers of bonds within the sustainability realm are
expected by market participants to report on the sustainability benefits
of the projects which are financed in a specific impact report. The impact
reporting for green bonds has often been focused on avoided greenhouse
gas emissions even though other factors are often reported in addition.
Issuing a green bond includes extra costs for the issuer as they need to
receive a second party opinion, structure a framework which outlines
what will be financed and the annual impact report must be published.
These costs are however in many instances compensated through a so
called “greenium” the issuer may receive upon issuance where the
pricing of the bond can be more attractive than comparable plain vanilla
bonds (MacAskill et al., 2021). There has however been no coherent
methodology provided to issuers of green bonds on how to estimate
avoided greenhouse gas emissions which has led to concerns on such
reporting and the reliability of the data the reports possess (Mihalovits
and Paulik, 2022).

The indirect environmental impact of financial institutions can only
be fully understood if the metrics and methodologies to calculate the
impact are standardized between institutions and demonstrate the in-
vestment decisions made throughout the reported year. Current meth-
odologies to report on financed greenhouse gas emissions (or simply
financed emissions) only represent the investment or lending portfolio at
the end of the year for the reporting financial institution. This is a major
shortfall that can lead to skewness and misrepresentation of financed
emissions of these institutions.

1.1. Legislative environment around financed emissions

Legislation for sustainability disclosures has become more stringent
(Wang et al., 2022; Van Caenegem, 2021). Current regulations from the
European Union require financial institutions to calculate and report
their financed greenhouse gas emissions in more than one avenue
(Briihl, 2022; European Parliament, 2019). This requirement can be seen
in the Sustainable Finance Disclosure Regulation (SFDR) and reporting
requirements from the European Banking Authority (EBA) where
financial institutions need to report on their financed emissions through
a reporting template provided by the EBA (Aevoae et al., 2022; Euro-
pean banking authority, 2020).

Before the year 2020 financial institutions (FIs) rarely reported on
the carbon emissions of their investment or loan portfolio. The carbon
emissions of an investment or loan portfolio are generally referred to as
Scope 3 Category 15 emission category as defined by the Greenhouse
Gas Protocol (W. R. I. — World Resources Institute, 2004). This lack of
carbon accounting was mainly due to the absence of a coherent and
mutually agreed upon methodology widely adopted by FI's. This
changed when the Partnership for Carbon Accounting Financials
(PCAF), a partnership of FI's with the objective of developing such
methodology, published the first version of their guidelines in 2020. The
guidelines provided by PCAF have now become the industry standard
when FI's measure and report on financed emissions globally (Teubler
and Kiihlert, 2020). The guidelines provided by PCAF are intended to be
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practical for its users but the simplification of the guidelines has come at
a cost.

It is our intention in this paper to demonstrate the possible pitfalls of
using the methodology proposed by PCAF and demonstrate how incor-
porating time into carbon accounting addresses the PCAF pitfalls.

2. Background to PCAF

The goal of the PCAF standard is to provide a coherent method for
FI's to attribute the carbon emissions of their individual investments
(Scope 1, 2 and 3) to their Scope 3 emissions. PCAF has greatly improved
disclosure from FI's whereas of the year 2022 more than 300 FI's are a
part of PCAF, including some the world largest banks, asset management
and investment firms. The first version of PCAF provided a way to es-
timate the attribution factor for six asset classes, a) listed equity and
corporate bonds, b) business loans and unlisted equity, c) project
finance, d) commercial real estate, e) mortgages and f) car loans. Sub-
sequent additions to the PCAF standard include government bonds,
carbon removal and facilitated emissions through capital markets. The
focus of this paper will be on the first two, listed equity and corporate
bonds and business loans and unlisted equity (Teubler and Kiihlert,
2020). This focus area is chosen as the PCAF method has been adopted
by the EU in the SFDR disclosure for Principle Adverse Impacts (PAI),
where a few indicators are aimed at reporting on financed emissions
(European Parliament, 2019).

One reason for the widespread use of the PCAF standard, including
by the EU, is its simplicity (Teubler and Kiihlert, 2020). The standard is
built around the so-called attribution factor. The attribution factor is a
central concept which demonstrates the portion of a company's carbon
emission to be attributed to a FI's scope 3 (PCAF, 2020). The attribution
factor for listed equity is shown in eq. 1:

Outstanding amount,

1
EVIC, )

attribution factor, =

where EVIC is the enterprise value including cash at year end and the
outstanding amount is the market value of outstanding listed equity at
year end for company ¢ owned by the FI (PCAF, 2020). A similar
approach is taken for bonds where the attribution factor is defined as is
shown in eq. 2:

Outstanding amount,

LTS e )
Total equity + debt, 2

attribution factor, =

For bonds, the outstanding amount refers to the total debt held by the
FI or investor (PCAF, 2020).

However, the attribution factor is calculated at year end and the
carbon emissions from each investee or borrowing company is taken at
year end. In this paper we demonstrate how this approach can result in
skewed results if a company is devested from a portfolio before year end
or has been included in the portfolio for only a portion of the year,
excluding the year end. This can seem undesirable if an investor gains a
majority share of a company with the aim of reducing carbon emissions.
In such a scenario, the investor, according to the PCAF methodology,
needs to account for the total carbon emission for the year of the
invested company in her Scope 3 in relation to her attribution factor. In
addition, the outstanding amount of the investor can also change
throughout the year, whereby the end of the year holding amount is not
representative of the holding throughout the year.

Fig. 1 demonstrates such a scenario whereas the value of the un-
derlying investment (EVIC) changes throughout the year (here shown at
the end of each quarter but may as well be days or other more granular
timeframe). The figure also shows how the greenhouse gas emissions
from the company varies, whereas in the first quarters the company
emitted relatively much compared to the second two quarters where
greenhouse gas emissions dropped significantly. In the fictional example
shown in Fig. 1, an investor takes a position in a company in the third
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Fig. 1. Development of a fictional company value (EVIC), emissions and ownership over a year.

quarter, a position which grows from 100 to 170 in the fourth quarter.
(See Tables 1-4.)

This limitation to the current practice of accounting for carbon
emissions in investment portfolios is at the core of this paper, which we
demonstrate how can be navigated at a more granular level even with
present day data. This pitfall also opens the possibility for greenwashing
among funds where performance is also demonstrated by their carbon
footprint, where an incentive is currently being provided to restructure
portfolios at year end with low carbon emitting companies.

3. Methods

For calculated financed emissions to be representative of the in-
vestment holdings or outstanding loans over a given period, we suggest a
method that incorporates time as a variable into the currently used
method as proposed by PCAF. We complement current practices sug-
gested by PCAF by using the attribution factor as the way of attributing
carbon emissions from a company scope 1 & 2 emissions to the investor
or creditor scope 3 category 15. We then introduce time into the method,
requiring FIs to calculate the attribution factor for a given period for the
underlying investments in the portfolio in which the FI has invested or
has an outstanding loan. We also require knowledge about the investee
company greenhouse gas emissions with the same granularity as is used
when calculating the attribution factor. The fluctuation in greenhouse
gas emissions from company operations is however generally not re-
ported by companies in the same frequency as financial metrics and
therefore not attainable by investors or creditors. This may however be
bypassed in practice if the information is not available by assuming that
the greenhouse gas emissions occur evenly throughout the period. For
clarity, we introduce eq. 3:

P

Z Z GHG*attribution factor,, @)

c=p d=1
where:

o ¢ are companies in the investment portfolio.

o d are appropriate periods within the holding period, i.e. days or
quarters.

o GHG is the amount of greenhouse gases, measured in CO»-equiva-
lents emitted by the company during each period.

To demonstrate the effect of accounting only for greenhouse gas
emissions using data from the end of the year, compared to the method
proposed in eq. 3 we look at the indexed exchange-traded fund (ETF)
with the ticker LEQ managed by the Icelandic asset and fund manage-
ment firm Landsbréf (Landsbref, 2022). This ETF is listed on the

Icelandic stock exchange (Nasdaq CSD) and tracks the OMXI10CAP
index (Nasdaq Index Methodology OMXI10CAP, 2022). This fund is
suitable to demonstrate the possible differences in accounting for
greenhouse gas emissions at the end of the year (as proposed by current
PCAF methodology) compared to using more granular, time sensitive
data as proposed in this paper. LEQ is also suitable for examining this
effect as it only invests in publicly listed companies which generally
disclose better sustainability information than non-listed companies.
LEQ publishes its holdings at the end of each month, but the un-
derlying companies only publish their financial statements needed to
calculate the EVIC quarterly. It is therefore possible to calculate the
attribution factor monthly. The portfolio companies also only report on
their greenhouse gas emissions annually. To deal with the lack of
granularity with greenhouse gas emissions data, we are forced to assume
that the greenhouse gas emissions occur evenly throughout the year and
that debt and equity maintain at a constant as reported quarterly for
each of the months the attribution factor is calculated. It should however
be noted that it is preferred to use emissions data in the same granularity
as the financial data and that the data would be provided in more detail.
One way to address this might be through estimation of greenhouse gas
emissions based on financial indicators as reported quarterly.

4. Results

In 2021 LEQ held 15 companies at some point in time, but only 10 at
each point in time. We calculated the EVIC for each company at each
quarter end. This data was then complimented with data about LEQ
holdings in each company at each month's end.

By using the method as proposed by PCAF the scope 3, category 15
emissions for LEQ is calculated to be 473 tons of COj-equivalents
(tCO9e). By using the proposed method as demonstrated in Eq. 3, LEQ's
scope 3 (category 15) emissions amounts to 52 tCOze. By taking only the
end of year EVIC and ownership in each equity the impact of owning 5
equities is eliminated and financed emissions are overstated by 421
tCOqe.

Fig. 2 demonstrates how the attribution factor varies throughout the
reporting year for each equity and how the structure of the portfolio
changes throughout the period. Using current PCAF methodology, only
attribution factors as shown in month 12 would be used. This would lead
to results assuming that the investor or credit institution held the in-
vestments or loans in the company shown in that month throughout the
year. This is a pitfall of the PCAF methodology as the results from
financed emissions can appear to reflect ownerships or loans as they
evolve over a year, but merely reflect the portfolio at the year end. By
looking at month 1 for instance, one can see that the company TM is
within the fund holdings. TM is an insurance company with relatively
low Scope 1 & 2 emissions. The low greenhouse gas emission of this
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Table 3
LEQ attribution factors for each month and GHG emissions per month.
Attribution 0,20% 0,0008% 0,13% 0,11% 0,05% 0,22% 0,21% 0,10% 0,13% 0,13%
factor M1
Attribution
factor M2 0,24% 0,0010% 0,17% 0,11% 0,06% 0,24% 0,23% 0,11% 0,16% 0,18%
Attribution
factor M3 0,26% 0,0009% 0,17% 0,10% 0,06% 0,25% 0,23% 0,10% 0,15% 0,18%
Attribution
factor M4 0,0010% 0,14% 0,10% 0,15% 0,22% 0,19% 0,09% 0,14% 0,04% 0,0001%
Attribution
factor M5 0,0010% 0,15% 0,10% 0,16% 0,23% 0,20% 0,09% 0,14% 0,04% 0,0001%
Attribution
factor M6 0,0011% 0,12% 0,12% 0,17% 0,19% 0,25% 0,13% 0,04% 0,0001% 0,18%
Attribution
factor M7 0,0012% 0,13% 0,11% 0,19% 0,19% 0,24% 0,14% 0,04% 0,0001% 0,20%
Attribution
factor M8 0,0014% 0,15% 0,14% 0,22% 0,24% 0,30% 0,17% 0,05% 0,0002% 0,23%
Attribution
factor M9 0,0013% 0,15% 0,14% 0,23% 0,24% 0,30% 0,17% 0,05% 0,0002% 0,23%
Attribution
factor M10 0,0014% 0,16% 0,15% 0,23% 0,25% 0,29% 0,20% 0,06% 0,0002% 0,22%
Attribution
factor M11 0,0013% 0,15% 0,15% 0,22% 0,25% 0,30% 0,18% 0,05% 0,0002% 0,20%
Attribution
factor M12 0,0015% 0,15% 0,18% 0,19% 0,17% 0,05% 0,0002% 0,35% 0,09% 0,04%
tCO2e
emissions per
month 3,9 1240,9 43,6 2,9 4,4 77,6 129,7 7,8 2,8 9,4 40,523,1 428,0 4531,0 24,815,5 9,3
Table 4
Monthly financed emissions shown using the proposed methodology compared with current PCAF method.
Financed emissions M1 0,01 0,01 0,06 0,00 0,00 0,17 0,27 0,01 0,00 0,01 0,00 0,00 0,00 0,00 0,00
Financed emissions M2 0,01 0,01 0,07 0,00 0,00 0,18 0,30 0,01 0,00 0,02 0,00 0,00 0,00 0,00 0,00
Financed emissions M3 0,01 0,01 0,07 0,00 0,00 0,19 0,30 0,01 0,00 0,02 0,00 0,00 0,00 0,00 0,00
Financed emissions M4 0,00 0,01 0,06 0,00 0,01 0,17 0,25 0,01 0,00 0,00 0,05 0,00 0,00 0,00 0,00
Financed emissions M5 0,00 0,01 0,06 0,00 0,01 0,18 0,26 0,01 0,00 0,00 0,04 0,00 0,00 0,00 0,00
Financed emissions M6 0,00 0,01 0,05 0,00 0,01 0,15 0,32 0,00 0,00 0,00 0,06 0,78 0,00 0,00 0,00
Financed emissions M7 0,00 0,01 0,06 0,00 0,01 0,15 0,31 0,00 0,00 0,00 0,06 0,84 0,00 0,00 0,00
Financed emissions M8 0,00 0,02 0,07 0,00 0,01 0,18 0,38 0,00 0,00 0,00 0,06 0,97 0,00 0,00 0,00
Financed emissions M9 0,00 0,02 0,06 0,00 0,01 0,19 0,39 0,00 0,00 0,00 0,07 1,00 0,00 0,00 0,00
Financed emissions M10 0,00 0,02 0,07 0,00 0,01 0,20 0,38 0,00 0,01 0,01 0,08 0,95 0,00 0,00 0,00
Financed emissions M11 0,00 0,02 0,07 0,00 0,01 0,20 0,39 0,00 0,01 0,00 0,07 0,85 0,00 0,00 0,00
Financed emissions M12 0,00 0,02 0,07 0,00 0,01 0,14 0,23 0,00 0,00 0,00 0,07 0,00 15,66 23,28 0,00
Total tCO2e proposed method 0,03 0,17 0,77 0,04 0,08 2,11 3,78 0,04 0,05 0,09 0,55 5,39 15,66 23,28 0,00
Total tCO2e PCAF EOY method 0,00 0,22 0,78 0,00 0,09 1,73 2,72 0,00 0,00 0,05 0,81 0,00 187,90 279,34 0,04

equity holding is not reflected at month 12 as the company is no longer a
part of the portfolio. At month 12 the company Sildarvinnslan (ticker
SVN) enters the portfolio. Sildarvinnslan has relatively high Scope 1
emissions, which would lead the funds financed emissions to increase
substantially using the conventional PCAF method. However, LEQ only
holds Sildarvinnslan for 1 month of the full year which is not reflected
using current PCAF method. The introduction of time into the PCAF
method as shown in Eq. 3 solves the dilemma demonstrated in the ex-
amples of TM and Sildarvinnslan as they are proportionally included in
the financed emissions based on their duration in the portfolio and
fluctuation in the attribution factor.

5. Discussions

By using the method we propose in this paper we reveal the skewness
which can become apparent but not obvious using the current PCAF
methodology. The reason for this skewness can be a result of four

factors.

1) growth or decline in the funds' holdings size over the period reported

2) asignificant change in the attribution factor in companies with high
Scope 1 & 2 emissions

3) achange within the funds' holdings throughout the year which is not
reflected in the annual report at the end of the year

4) a change in the stock market valuation of the underlying stock
holdings.

If the PCAF method had been used, the shipping company Eimskip
and Sildarvinnslan a fishing company (both in sectors with a high carbon
intensity) would have been assumed to have remained in the portfolio
for the full year, whereas in reality it only entered the portfolio in M12.

The case study demonstrated in this paper is focused on listed equity
investments. However, this method may also be valid for loans or un-
listed equity investments. In the case of loans, the skewing effect would
mostly be seen when a bank might issue a loan at the end of a year or get
aloan repaid late in the year. In such case, the arithmetic to calculate the
financed emissions as currently conducted would assume the portion of
the company emissions over the whole year, or none at all, to be allo-
cated to the lender according to the attribution factor as calculated at the
end of the year.

The current method used by many financial institutions to calculate
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Structure of attribution factors per month in LEQ ETF
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Fig. 2. The attribution factor used to calculate the scope 3 emissions of investments changes throughout the year. The percentages next to each ticker demonstrates

the attribution factor for that equity at that point in time.

their financed greenhouse gas emissions may therefore in some in-
stances be substantially skewed.

5.1. Recommendations for policy and regulation

The EBA and the EU through the SFDR regulation (Deschryver et al.,
2020) require many financial institutions to report on financed emis-
sions. Using current methodologies as proposed within the SFDR regu-
lation and originally provided by the PCAF standard may result in
skewed reporting to authorities, investors and the public in general, as
the reporting does not consider the time element of investments or loans
in or to the underlying companies. We propose that further research is
conducted to estimate the scale of the effect of only accounting for
holding at the end of year. Current methodologies are also prone to non-
intentional greenwashing as FI's may report on financed emissions not
representative of their investments or loan holdings throughout the
reporting year. This is counterintuitive to the intention of the SFDR
regulation which is precisely designed to minimize greenwashing. The
method proposed in this paper, even if more data intensive, would solve
this issue to a large extent. We understand the practical hurdle FI's may
face when calculating financed emissions as proposed in this paper but
using that method would reduce the risk of greenwashing by FI's
(Deschryver et al., 2020). This risk is reduced by including financed
emissions from equity ownership or loans, even if those investments or
loans are not included in the FI's annual accounts at the end of the year.

We suggest that regulators and policymakers investigate the cumu-
lative effect of current reporting methodologies and further refine
calculation methods for financed greenhouse gas emissions and amend
and align the EBA guidelines or SFDR regulations. We also propose that
data availability is improved by the regulators to allow FI's to access
emission factors for companies that do not report their greenhouse gas
emissions.

The main limitation of this study is its small sample size. The sample
size of only one ETF is chosen to put emphasis on the methodological
deficiencies of PCAF and the possible distorted outcomes as a result. To
demonstrate the possible grand scale effect of time being excluded from
calculations of financed emissions of investment or loan portfolios a
sample size of much greater size should be used. Future researchers
could perform such a study for ETFs using published holding data.
Future research and awareness inside FI's, especially credit institutions
are also encouraged where loan portfolios can be studied in better detail
where public information is not as available as for ETFs. We also
encourage FI's to publish financed emissions incorporating time along
with conventional PCAF results.
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