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Abstract: The need for a quick and radical green transition gives a key role to the financial system as
the main source to fund the change. This debate also involves the development of banking regulation
tools able to serve the transition. Building on previous works, we propose a method to weight banks’
assets that combines conventional financial risks and environmental risks to calculate prudential
capital requirements, and we apply it to the EU Taxonomy’s technical screening criteria to build
an environmental risk indicator based on the buildings’ energy consumptions. We show how to
calculate the tool endogenously for the taxonomy sections related to buildings (new construction,
purchase of building, renovation), thus proving its immediate enforceability, using data from the
Lombardy’s housing stocks. Finally, we conduct a stress test for the Italian banking system showing
that our proposal would be an effective incentive for the banks to fund the green transition of the
construction sector. Disclaimer: The views expressed are those of the authors and do not involve the
responsibility of the Bank of Italy or RSE.

Keywords: climate change; prudential regulation; sustainable finance; EU Taxonomy; green mortgage

1. Introduction: The EU and the Transition

This paper deals with the sustainable finance in the building–real estate sector, focusing
on green mortgages, and deepens how banking regulation can contribute to the green
transition by applying prudential rules that combine the rigorous criteria required by the
European Union (EU) Taxonomy with environmental risk assessment methods, based on
the life cycle analysis approach (LCA).

In recent years, and particularly since the 2015 Paris Agreement, we have seen a
significant change in the perception, both at a mass level and in the financial system, of the
importance of the issue of climate change and green finance. In December 2019, the EU has
made a number of ambitious environmental commitments [1], aiming to become the first
climate-neutral continent by 2050.

The experience of the COVID-19 pandemic confirmed the importance of creating
a regulatory framework that favours the mobilization of financial resources towards a
quick transition. To be effective, this framework should include many issues, such as
standardization of information on environmental disclosure, the development of new
financial products (green bonds, green loans, etc.) and tools to ensure financial stability.

A significant part of this debate has been devoted to the banking system, given the
importance of banks and financial markets to fund the transition. The EU promoted a
financial policy to support the environmental transition needed by the Paris Agreement, in
particular with the European Commission Action Plan on financing sustainable growth
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(Communication of 8 March 2018 [2]). The plan set the ambitious goal of establishing a
unified classification system for sustainable activities (“Taxonomy”), and announced a
series of legislative actions to spread the use of the Taxonomy, both in corporate accounting
(through new climate-related guidelines under the so called Non-financial Reporting
Directive—NFRD, 2014/95/EU [3]) and in the marketing of financial products to customers
(so called “disclosure” Regulation, EU 2088/2019 [4]). The goal is now starting to become
operational, with the release of the EU Regulation 2020/852 [5] and of the first EC Delegated
Act on climate mitigation and adaptation formally adopted on 4 June 2021 [6]. Even if
the Taxonomy regulatory framework must be completed with further delegated acts, it
is already a key element to increase the use of green financial products that support the
decarbonization process, preventing harmful effects on the other environmental and social
dimensions of EU policies, avoiding as much as possible greenwashing practices and
lowering the cost of uncertainty in the transition.

The last EC strategy (“Strategy for Financing the Transition to a Sustainable Economy”,
6 July 2021) has widened the scope of the Taxonomy in climate mitigation and will consider
options to extend the EU Taxonomy framework to “economic activities performing at an
intermediate level” [7] (p. 7). The new strategy also acknowledges the importance of green
financing that can help households and SMEs to improve the energy performance of their
buildings. It also aims at fully involving banks in the transition by linking their lending
activities to the Taxonomy, particularly in retail lending. A concrete step in this direction
has been made by the new NFRD framework provisions, under which credit institutions
will have to precisely evaluate the alignment with the EU Taxonomy of a broad range of
assets, including loans, debt securities and collaterals.

According to this new EC strategy, the Commission will explore ways to support
energy efficient mortgages in the framework of the Mortgage Credit Directive review
(2014/17/EU Directive [8]). Moreover, to encourage green retail lending, the Commission
will also ask the European Banking Authority (EBA) for an opinion on the definition and
possible supporting tools for green retail loans and green mortgages. European prudential
regulators have been already involved in green banking issues, given that the new rules
ask banks to disclose prudential information on environmental, social and governance
risks, including climate transition and physical risk (Capital Requirements Regulation 2,
art 449a [9]).

EBA has received three mandates to assess how to integrate ESG factors into credit
risk, with the goal of “reorienting capital flows towards sustainable investment in order to
achieve sustainable and inclusive growth” [10]. This implies reshaping credit risk metrics,
as well as the Basel 2 tools (in particular, the Internal Capital Adequacy Assessment
Process—ICAAP, and the Supervisory Review and Evaluation Process—SREP, jointly
used to evaluate the banks since the Basel 2 agreement). Even the EBA proposal for
a standard of prudential disclosure on ESG risk is based on the EU Taxonomy. However, its
conclusions highlight the main drawback of the binary approach of the Taxonomy: it only
allows information on environmental opportunities related to the asset (for example, the
percentage of Taxonomy compliant activities), but, for now, it does not provide information
on the level of environmental risk related to the asset. In fact, the EBA observes “the
lack of a common classification system for environmentally harmful activities or for the
identification of sectors and geographies exposed to climate change physical risk” [11]
(p. 7). The connection between the Taxonomy framework and risk measurement is at the
center of the analysis of this paper that explains how to develop prudential tools combining
the criteria required by the EU Taxonomy with the exposure to environmental risk in the
building sector. Our aim is to show that is not only necessary but also already possible to
create a regulatory tool able to steer the banking system towards green assets financing. We
show how to extract the data for energy consumption for the buildings using Lombardy
house stock and then proposing a test for the whole of the Italian banking system.

The remaining paper is organized as follows: Section 2 reviews the academic literature
on the integration of environmental issues in financial risk, showing the more recent
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developments and the debate on the prudential tool connected to RWAs in the building
sector; Section 3 describes the energy transition challenges in the housing sector, introduces
the concept of green mortgage, analyses the technical screening criteria of the EU Taxonomy
for climate mitigation for sustainable activities in the building sector and provides a more
technical description of our proposal; Section 4 is dedicated to the calculation of the external
cost indicator related to the building energy efficiency classes, the foundation of our tool
that is our contribution to the debate on how to create tools to speed up the transition;
Section 5 is devoted to the tool calculation in the different cases considered by the Taxonomy
for the building sector (purchase of existing buildings, renewal of buildings, construction
and purchase of new buildings). The final section sums up the main conclusions.

2. Literature Review

Climate change damages are difficult to predict, due to a range of scientific uncertain-
ties and unforeseeable future socio-economic scenarios [12,13]. This is particularly true
for transition risks that are connected to costs related to legislative changes (prohibitions,
environmental taxes, standards, etc.), technological innovation, change of consumers and
investors preferences and other phenomena triggered by the need to achieve the targets
(for a definition [14]). These risks are fully endogenous to the transition process itself. For
instance, climate change awareness and the public opinion on the transition can influence
the political decisions on the government about the regulatory framework for the transition.
In the same way, the level of a carbon tax can make an investment viable or not, but for
authorities, it is not easy to assess the correct level of an environmental taxation (for a
discussion of the Italian case [15]).

Academic literature is gradually acknowledging the role of emissions pricing, not
only to regularize the expected costs of transition [16], but also to measure the financial
impacts of transition risks; for example, Ref. [17] discusses the role of the carbon tax in
South Africa, observing a negative relation between the firms’ different intensity of carbon
emissions and their financial performance, although the transmission channels between the
company’s environmental performance and transition risk can be much more complex than
company emissions only. A too strong “fossil shock” can harm the economy, triggering
under-utilization of capital stocks across countries and productive sectors [18]. Besides
uncertainty and nonlinearity of climate change, also endogeneity of transition risks make
the traditional models ill-suited to treat the transition, so we should conclude that financial
community does not possess yet “methodologies that allow the successful analysis of the
risks that climate change poses to financial stability” [19].

To create a reasonably effective model to help policymakers in the transition, many
different scientific backgrounds will be needed, although we know that “we still lack a
comprehensive quantitative vision of transition risks” [20]. Different theoretical traditions
have already been used to model climate change, and as [19] observes, climate risks’ char-
acteristics (deep uncertainty, nonlinearity, endogeneity, etc.) “pose fundamental challenges
to traditional methods for macroeconomic and financial analysis, which are not well-suited
to capturing these characteristics”. Other theoretical strands in the literature can be more
useful.

A first line of research has been based on stock flow consistent approach models.
For instance, Ref. [21] develops a model that connect this approach with input–output
analysis to appraise the asset quality, finding that a faster transition will strand more
assets and that the amount will be significant anyway (“in the region of $25 trillion”).
Ref. [22] explicitly suggests a post-Keynesian approach to model transition scenarios.
In particular, they present models based on the Dynamic Ecosystem-FINance-Economy
(DEFINE) framework that combine an environment block with a financial block to allow
for a discussion of different policy proposals. In this context, they find that carbon taxes
reduce global warming but can increase financial risks due to their adverse effects on
the profitability of firms and credit availability (and hence they find that a combined
financial requirement approach and, more generally, a green policy mix determines better
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outcomes than single policies). Ref. [23] observes that the traditional risk metrics, such as
the Value at Risk, are backward looking and cannot efficiently treat the transition; given
the shortcomings of mainstream models on financial contagion, they propose to use the
Network Valuation of Financial Assets (NEVA). This model allows the introduction of
different shocks, included a transition risk shock, also allowing for the analysis of the
subsequent rounds of effects of the shocks until the fourth degree (for instance, fire-sales
contagion effects, bail-inable losses of the banks effects, etc.); in this way, it finds that the
more stringent and radical are the policies to tackle the climate change, the bigger the
losses for the financial system, so a disorderly transition is a threat to the system (see
also [24] for an application of the NEVA approach). Ref. [25] employs an agent-based
model (a disequilibrium model called Dystopian Schumpeter meeting Keynes model) to
analyse connections among climate change with both financial and economic dynamics;
they propose a combination of different policies finding that the exact mix is decisive to
determine the results (in particular fiscal policy and prudential regulation).

All these works deal with financial regulation given the importance of bank’s lending
to foster the transition. However, the difficulties we exposed mean that none of them
proposes a usable prudential rule to help the transition, limiting the discussion on a
macroeconomic level. More traditional models are also used in the same way. For instance,
Ref. [26] analyses the transition risk using a Dynamic Stochastic General Equilibrium model
(the standard models used by central banks to conduct the monetary policy), finding that
macroprudential policies are not enough to allow the transition due to financial frictions
(i.e., imperfections in the financial systems that create financial instability). However, once
again, no microprudential tools are proposed.

A limit of all these models is their reliance on very specific assumptions that it is
difficult to use as the foundation of a regulatory framework (as well as an appraisal of
its possible effects on the banking industry); moreover, a huge empirical effort is needed
to support them, thus forcing a long delay in their possible adoption. Thirdly, when a
model has many assumptions, if empirical results are dissimilar, it is difficult to assess
what assumption is “responsible” for the differences. Even in the case of the adoption of
Basel 2 and Basel 3, impact studies gave different results (examples, for the EU, in [27]). For
instance, a recent Basel Committee paper sums up empirical studies concerning the move
from Basel 2 to Basel 3 rules that report changes in GDP ranging, in the case of the Euro
area, from −0.4% to +1.2% [28].

All these aspects suggest that the only possibility to have an effective and rapidly
enforceable rule is that it is as simple and assumption-neutral as possible. To push in
the direction of a discussion of practical proposals, Ref. [29] proposed to internalize the
environmental risk generated by the debtor in the lender’s cost of capital, correcting the
traditional risk weighting, thus passing from the usual RWAs (risk weighted assets) to the
broader concept of ERWAs (environment risk weighted assets). The proposal implies a
double weighting of the bank’s asset, the ordinary (r) and the environmental one (c). In
formulas, the single asset in a bank portfolio becomes

ei = ciriai (1)

where a is the book value of the asset, r is the weight assigned to the asset by the existing
prudential framework and c is the pollution coefficient assigned to that asset.

Concretely, given the lack of data at the corporate or specific product level, authors
suggested the multiplication of the specific RWA by a coefficient that represents the sectoral
intensity of health and environmental external costs of air emissions generated by the
activities financed by the counterparty for technical details, we refer to [29]. To make
it viable in terms of prudential regulation, the value of the environmental coefficient
re-proportioning the RWA has been set between 0.5 and 1.5 (where 1 is the average of
the sectoral environmental impact, taken as a threshold between non-green and green
activities, and where the minimum is assigned only to economic activities producing zero
harmful emissions—zero external costs). The work also underlined that, to be effective,



Sustainability 2022, 14, 1633 5 of 31

the instrument should be applied to the single credit line, but, lacking emissions data
on the single lines, the use of a sectoral average was suggested, based on the available
environmental statistics (so called NAMEA air emissions that links emissions to the EU
economic activity accounting system—NACE).

In a second paper [30], the ERWA approach has been expanded by taking into account
the EU Taxonomy regulation in its “pre-print” version (political agreement between the
European Council and the European Parliament of 18 December 2019) and the proposal of
the Technical Expert Group [31] of the European Commission for the technical regulation
of the climate mitigation section of the Taxonomy; the paper explains how to integrate
these regulations into a single consistent approach that covers almost the entire range of
banking assets, making its application as business model-neutral as possible. The proposal
for an integrated ERWA-Taxonomy approach has been discussed in various scientific and
institutional fora [32], and to our knowledge, it is still the only proposal of a banking
regulation tool ready for application at the micro-prudential level. In the following Table 1,
we have summed up the comments that scholars have made on ERWAs and possible
answers.

Table 1. Comments by scholars on ERWAs and possible answers.

ERWAs must be calibrated carefully due to the
complexity of the global value chains of
production [33].

In [30] both a direct and an indirect life-cycle approach using input–output
analysis is proposed to this end. More detailed sector-based external cost
values for air emissions in Italy using this approach are provided in [34], with
insights on how to calculate values for all countries using OECD input–output
tables and covering sectoral global supply chains.

Without granular data, it is not possible to
separate the impacts of each stage of the
production chain by country [33].

This issue is discussed in details in [30]. Sectoral data can be used as default
values. More granular data at the company level are going to be collected by
banks in the UE under the regulatory process of NFRD described above.

It can overburden banks [33].

ERWAs can be linked to the new data and Key Performance Indicators
required by the Taxonomy and the NFRD regulations, allowing a gradual
implementation; at any rate, a gradualist approach is always used in banking
regulation.

Potential effects of ERWAs on macroeconomic,
financial and environmental variables are not
explored [35].

More empirical analyses are needed to test the ERWAs effect, as it was made to
test Basel 2 and Basel 3 requirements. However, ERWAs are a micro-prudential
tool and should be appraised as such, while macroeconomic and
macro-financial variables should be preferred when assessing macroprudential
tools.

There is no widely accepted methodology yet to
assess climate-related risks and verify whether
financial firms take these risks into account in
their lending practices. For this purpose, the
main tool is a reliable scenario analysis [25].

ERWAs are based on the external costs of air emission (related to the
asset/borrower) because they are widely used as indicators related to
environmental damages. Scenario analysis can be used to properly estimate
the expected external costs of air emissions although in a macroprudential
environment.

In this paper, we develop a proposal that takes into account the final version of the
Taxonomy regulation [36] and of the technical screening criteria for climate mitigation
(Ref. [6] Annex I); this allows the development of prudential rules that are able to rapidly
change banks decision making in loans and mortgages related to buildings in line with the
EU Taxonomy aims.

3. The Energy Challenge in the Housing Sector, Green Mortgages and the Taxonomy

The housing sector is key to the transition. The environmental impacts of buildings
include a large range of effects, from the extraction and production of materials and
components to the building’s use in its lifetime and the disposal of waste produced [37,38].
Current EU policies (the Energy Performance of Buildings Directives) deal in detail with the
energy performance of buildings during the use phase because buildings account for 40%
of the EU’s final energy consumptions and 36% of its CO2 emissions [39], thus representing
the largest source of energy consumption in Europe. Moreover, according to Eurostat [40],
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the evolution of the final energy consumptions by households in the EU in the last decade
is worsening, with a 25% increase in the 2010–2019 period (see Figure 1: EU28 data are not
available).
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The main difficulty of reducing energy consumption in the building sector is the
fact that the stock of buildings in the EU is relatively old, with more than 40% of them
built before 1960 and 90% before 1990, and older buildings typically use much more
energy than new buildings. The rate at which new buildings either replace this old stock,
or expand the total stock, is very low (about 0.7% in the EU27, with 0.1% for Italy in
2019, according to European Mortgage Federation (EMF, Ref. [41]). This implies that,
if the energy consumptions and CO2 emissions of buildings are to be reduced, deep
energy requalification through renovation of existing buildings is paramount [39]. With
the Renovation Wave Strategy [42], developed to enforce the EU Green Deal commitments
in the buildings sector, the Commission announced a plan of action to at least double
renovation rates in the next ten years and make sure renovations lead to higher energy and
resource efficiency. According to a recent study made by JRC-European Commission [43]
on the potential of “nearly zero emission” renovations (interventions that combine actions
on the envelope, thermal systems and renewable energy production systems of existing
buildings), a gradual increase from the current average of 1% to more than 2% within
the next 10 years and maintained thereafter would result in the renovation of 79% of
existing homes by 2050, allowing a reduction of 1517 TWh (−38.5%) in the EU primary
consumptions.

3.1. The Role of Green Mortgages

Dimensionally, mortgages constitute the main component of the assets of EU banks
(around 30%), a figure that borders on 50% of the area’s GDP. In the year before the
pandemic, the mortgage outstanding was around 7 trillion, with 2.7 trillion of connected
bonds, showing the importance of the sector for the financial system [41]. The importance
of the proposal for a prudential weighting specific for green mortgages stems from the fact
that, in Italy but also elsewhere, most houses are bought using mortgages. Data of Ente
Nazionale Energie Alternative (ENEA) indicate that in the last three years (2018–2020),
the proportion of homes purchased on credit was around 70% [44]. The situation in the
EU varies, but residential mortgages are a vital part of the housing market everywhere.



Sustainability 2022, 14, 1633 7 of 31

The functioning of the prudential regulation RWAs mechanism, in the case of residential
mortgages, was revised with the new capital agreement (Basel 3), which made the weighting
more risk-sensitive [45]. While in Basel 2 the standardized approach assigned the same
RWA to all residential mortgages, in the new approach, it depends on the Loan to Value
Ratio (LTV) of the mortgage. The same principle applies to exposures to the commercial
real estate sector, although we do not include it in the discussion. In the following Table 2,
we show the current regulatory connection between LTV and RWA:

Table 2. RWA coefficient for residential mortgages in banking regulation (simplified). Source: [45].

LTV Bands Below 50% 50–60% 60–70% 80–90% 90–100% Above 100%

General Residential Real Estate 20% 25% 30% 40% 50% 70%

Income-producing Residential Real Estate 30% 35% 45% 60% 75% 105%

The strategic importance of mortgages in contributing to the energy requalification of
buildings is behind the Energy Efficient Mortgages Initiative (EEMI) jointly led by the EMF
and the European Covered Bond Council. The initiative is based on the idea that green
mortgages are less risky for the lender. In this regard, they noted this: “One of the key
premises of [our] Initiative is that energy efficiency has a positive impact on credit risk” [46].
For now, the scientific literature on the subject is in its initial state and is focused on the US
market; the studies “find evidence of a significant reduction in default risk associated with
energy efficiency. This effect is larger for houses that are more energy efficient” [47] and
some studies confirm that “buildings’ energy efficiency is associated with lower probability
of default” [48], see also [49]. Ref. [50] reports 61 different studies that assess the impact
of an improvement in energy efficiency for building, finding that “implementing energy
efficiency measures in buildings have important benefits for the developer/owner, the
tenants, the society and the environment” via cost reduction and reputation. Ref. [51],
dealing with the UK market, found that “mortgages against energy-efficient properties are
less frequently in payment arrears” even taking into account borrowers’ income. Therefore,
“the energy efficiency of a property is a relevant predictor of mortgage payment arrears”.

In the US case, the influencing factors seem to be double. First, green homes have lower
operating costs and therefore suffer less from changes in energy prices; secondly, there is
a “green price premium” of houses with a lower environmental impact, as also seems to
happen in the case of green bonds. In addition to a lower operating cost, properties with
greater energy efficiency are less exposed to transition risk, if, in the future, tax regulations
were aimed at discouraging greenhouse gases emissions based on a carbon tax or an excise
duty increase on fossil fuel used for the building’s energy services. Researches show that
green mortgages are attractive to borrowers [52] and that green bonds created to finance
them are equally attractive to investors [46]. Furthermore, their prices confirm a “green
premium”, even in the case of commercial real estate (for the Milan case, see [53]).

More empirical evidence connected to energy efficient mortgage assets is needed,
although it is important to define already what an energy efficient mortgage is (for a
definition [54]). Even if this task is at an early stage, current data show that financing more
efficient houses (i.e., with less external and energy costs) is convenient for the banks. In
the last years, EEMI has published several studies that, also commenting other empirical
studies, confirm this idea (see, for instance, Ref. [48] where eight papers, published between
2014 and 2020, are summarized). These studies show the strategic importance of the green
mortgage market to put together sustainability in terms of environment and of banking
business model. For the Italian case, data collected by a set of intermediaries operating on
the residential mortgage market show contradictory results: lower than average percentages
of defaulted loans for low efficiency classes E and F and higher than average percentages
for the relatively high efficiency class B (see Table 3).
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Table 3. Data on defaulted mortgages by energy efficiency rating in selected Italian regions.

Rating
Category

(EPC)

All
(% of the Total Sample of

Mortgages)

Defaulted
(% within the Category)

A 6.93 0.79

B 6.02 1.62

C 7.38 1.45

D 12.28 1.13

E 15.7 1.29

F 18.64 1.21

G 33.04 1.87

Total 100.00 1.44
Source: [49].

As we said, data are still initial in terms of geography and sample size, and they are
related to a past situation; it is not certain how much they can represent the transmission
channels of environmental risk during the transition. Moreover, green loans are needed
particularly to finance deep renovations that require longer periods of returns on investment
through the expected flow of fossil fuel savings, and this could lead to a higher (rather
than lower) risk of default. A recent modeling work [55] that estimated the curve of
CO2 abatement costs for Italy, using the most promising measures and technologies to
curb CO2 emissions in all end-use energy sectors, highlighted that the most promising
energy efficiency measures and/or renewable technologies for residential building (such as
interventions on the building envelope, substitution of thermal heating plants, etc.) entail
net costs rather than net returns.

Overall, it is difficult to assess the link between financial risk and transition risk
through the cost of ownership channel (internal costs). On the contrary, if we analyze
transition risk through environmental transmission channels (by calculating the external
costs generated by the asset’s energy consumption class), we could rely on an indicator
that can represent the optimal environmental policies and that is more clearly related to the
energy efficiency class of the building. This is the key point: transition risk can be measured
through the borrower exposition to optimal environmental taxes needed for the transition.
The higher the air emissions related to the building energy consumptions, the higher the
borrower exposition to environmental taxes. The higher the tax pressure to achieve the
environmental targets at the lower cost, the higher the borrower exposition to transition
risk, given the building’s energy consumptions and air emissions profile.

3.2. The Criteria for Green Mortgages in the EU Taxonomy

The development of the ERWA approach to green loans for the building sector must
take into account the new regulatory framework introduced by the Taxonomy [5] and the
technical screening for climate mitigation (Annex 1 of [6]). The EU Regulation 2020/852
introduces a common framework of rules to define environmentally sustainable activities,
to be used by financial markets participants in the development and marketing of financial
products or corporate bonds labeled as environmentally sustainable investments. We
refer to the Art. 3 of the Regulation for the criteria that makes an economic activity
environmentally sustainable.

The first Commission Delegated Act on the technical screening criteria for climate
mitigation and adaptation has been officially approved on the 6 of June 2021 [6], while
further Delegated Acts on the other environmental objectives are expected in 2022 and 2023.
Annex I of the first Delegated Act establishes the technical screening criteria to determine
whether an economic activity contributes substantially to climate change mitigation and
causes no significant harm to the Taxonomy other environmental objectives. It is a wide
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document made of 88 activity cards classified into nine groups of activity. One of these
groups is “Construction and real estate activities” and is made of seven cards, three of them
focused on buildings (see Table 4).

Table 4. Summary of the technical screening criteria for climate mitigation required by the Taxonomy
for residential buildings. Source: Annex 1 of [6].

Category of Activity Description of the Activity Technical Screening Criteria

7.1 Construction of new
buildings

Development of building projects for
residential and nonresidential buildings
. . . for later sale as well as the
construction of complete residential or
nonresidential buildings, on own account
for sale or on a fee or contract basis.
(NACE codes F41.1, F41.2, F43)

The Primary Energy Demand (PED), defining the
energy performance of the building resulting from
the construction, is at least 10 % lower than the
threshold set for the nearly zero-energy building (NZEB)
requirements in national measures implementing
Directive 2010/31/EU of the European Parliament
and of the Council. The energy performance is
certified using an as built Energy Performance
Certificate (EPC).

7.2 Renovation of existing
buildings

Construction and civil engineering works
or preparation thereof.
(NACE codes: F41, F43)

The building renovation complies with the
applicable requirements for major renovations (as
set in national and regional regulations).
Alternatively, it leads to a reduction of primary energy
demand (PED) of at least 30%. The 30% improvement
results from an actual reduction in primary energy
demand (where the reductions in net primary energy
demand through renewable energy sources are not
considered) and can be achieved through a
succession of measures within a maximum of three
years.

7.7 Acquisition and ownership
of buildings

Buying real estate and exercising
ownership of that real estate.
(NACE code: L68).

1. For buildings built before 31 December 2020, the
building has an Energy Performance Certificate
(EPC) of at least of class A. As an alternative, the
building is within the top 15% of the national or
regional building stock expressed as operational
PED (with adequate evidence), which at least
compares the performance of the relevant asset to
the performance of the national or regional stock
built within 31 December 2020 and at least
distinguishes between residential and nonresidential
buildings.
2. For buildings built after 31 December 2020, the
building meets the criteria specified in Section 7.1 of
this Annex that are relevant at the time of the
acquisition.

The keystone of the integration of the Taxonomy’s technical screening criteria into
the ERWA approach for prudential requirements in the building/real estate sector is the
energy performance certificate (EPC), introduced in 2002 (2002/91/EC) and revised in
2010 (2010/31/EU) and 2018 (2018/844/EU). In [30], it was suggested to exogenously
link the ERWA values for mortgages to the EPC energy efficiency class, by assigning the
ERWA minimum value of 0.5 to the Taxonomy-compliant classes and scaling the other
noncompliant classes by 0.1 until reaching 1.1 for class G. In that proposal, ERWA values
were still arbitrarily assigned because of the limited information on environmental and
health damages included in the EPC’s energy efficiency classes (and its main indicator—
primary energy consumptions). In fact, energy consumptions are responsible not only for
CO2 emissions, but also for a variety of other emissions; moreover, air emissions can be
related not only to the combustion phase of the energy product but also to other activities,
from extraction and processing to the energy transmission and distribution network. The
Taxonomy regulation itself sets the principle that a life cycle approach should be taken
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into account in the development of the technical screening criteria. In fact, it states this:
“When assessing an economic activity against the criteria set out in paragraph 1, both the
environmental impact of the activity itself and the environmental impact of the products
and services provided by that activity throughout their life cycle shall be taken into account,
in particular by considering the production, use and end of life of those products and
services.” [5] (art. 17.2).

4. Materials and Methods

Having described the regulatory framework, now we can discuss how the ERWAs
proposal for green mortgages can become operational with the available data.

4.1. The Data Set

To calculate the external costs, we considered the energy consumption performance of
buildings in Lombardy that is the main region of Italy (16.8% of Italian population; 15.1%
of the residential space in square meters). The choice is mainly due to the availability of a
large and high-quality EPC database (CENED), produced by ARIA (the regional company
for innovation and procurement) and promoted by the Lombardy Region, which registers
the technical data related to all the buildings of the region for which an EPC is released [56].

The data set contains the energy-related technical information on buildings, as reported
in more than 1 million EPC released in Lombardy since 2015. It includes all the buildings
classified into three classes (single unit, group of units, a whole building). The EPC can
be released for different reasons, mainly related to regulatory obligations: in Lombardy
“property transfer” accounts for the majority of EPCs (52.2%), followed by “rent” (24.4%),
“new construction” (4.4%), “energy requalification” (4.2%), “voluntary EPC” (4.2%), “major
renovation” (2.5%), interventions on thermal plants and other subsidized actions (2.1%).
As far as the energy efficiency classes are concerned, the following Figure 2 summarizes
the evolution of energy efficiency classes of EPCs released in Lombardy each year from
2015 to 2020.
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Figure 2. Breakdown of buildings’ EPC in Lombardy by energy efficiency class, 2015–2020. Source
CENED data (elaborated by C. Belli).

The CENED data base on EPC in Lombardy has been filtered in order to achieve the
needed data on the energy performance of existing buildings (in particular, we used the
primary energy consumption by 100 m2 that constitutes the starting point of air emissions
and external costs estimation) The following criteria have been applied:
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(1) Last EPCs available (EPC collected in January–May 2021);
(2) EPCs related to private properties of buildings with a residential use (public properties

and public use of private properties have been excluded);
(3) EPCs belonging to the same climatic zone “E” that is the prevailing in Lombardy

(this criterion is due to the fact that the energy consumption index used for EPC
classification is related to climatic zones); Italy is classified into six climatic zones
related with the winter heating needs (degrees-day) and Lombardy territory has only
the two most intense degrees-day zones [57];

(4) exclusion of homes serviced by district heating;
(5) as for winter heating technologies based on combustion technology, the prevailing one

(natural gas boilers) has been considered, excluding heating technologies marginally
used in Lombardy that in our sample (year 2021 EPCs) account only for 4.5%.

At the end, a sample of 83,343 EPC has been obtained, related to residential properties
for a total area of 6.9 million m2. The analysis of the sample, in relation both to the
energy efficiency classes and to the occurrences of newly constructed nZEBs, is shown in
Table 5. The most populated energy class is G with 25,486 occurrences (30.6%), followed
by F with 19,932 (23.9%), while the less populated is A1 (2%) with 1711 occurrences. The
sample can be considered sufficiently large to calculate the average energy consumption
(consumption/100 m2) in each energy efficiency class in a statistically robust manner.
nZEBs in the same sample are 1618 (1.9%), 55% falling in the highest efficiency class A4,
30% in class A3, 12% in A2 and 3% in A1.

Table 5. Distribution of EPC related to private properties for residential use, climatic zone E, Jan.–May
2021, Lombardy.

EPC-Buildings Total Area of Certified
Buildings Area/EPC

n. % m2 % m2

A4 2941 3.5% 295,0995 4.3% 100.6

A3 2232 2.7% 211,609 3.1% 94.8

A2 1711 2.1% 156,489 2.3% 91.5

A1 1675 2.0% 147,927 2.1% 88.3

B 2424 2.9% 197,544 2.9% 81.5

C 3846 4.6% 309,285 4.5% 80.4

D 8983 10.8% 722,762 10.5% 80.5

E 14,113 16.9% 1,169,146 16.9% 82.8

F 19,932 23.9% 1,629,080 23.6% 81.7

G 25,486 30.6% 2,066,688 29.9% 81.1

All classes 83,343 100.0% 6,906,525 100.0% 82.9

nZEBs 1618 1.9% 147,216 2.1% 91.0
Source: authors’ elaboration of CENED data.

4.2. The Energy Consumptions of Energy Efficiency Classes

On the basis of the sample shown in Table 5, the annual consumptions of natural
gas and electricity have been calculated in each energy efficiency class and separately
for nZEBs. Table 6 shows both the total and average annual gas consumption (averaged
for the building’s area) obtained in each class and for the subcategory of nZEBs. In the
lower energy efficiency classes, natural gas is mainly used by conventional thermal plants
used for space heating and domestic hot water, while to obtain higher energy efficiency
classes, energy requalification of building must be coupled with renewable-based energy
production technologies (solar thermal and PV) and electrified heat pump systems that
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jointly satisfy winter, summer and hot water needs: that is the main reason why average
gas consumptions (m3/100 m2) tend to become zero approaching the class A4.

Table 6. Natural gas consumptions of the study sample—EPC released in Jan–May 2021. Source:
authors’ elaboration of CENED data.

Total Natural Gas Consumptions Average Gas
Consumptions

Million m3 % m3/100 m2

A4 0.05 0.04% 17

A3 0.17 0.1% 80

A2 0.35 0.3% 221

A1 0.57 0.4% 388

B 1.32 1.0% 666

C 2.66 2.1% 859

D 8.24 6.4% 1140

E 17.57 13.6% 1503

F 32.52 25.2% 1996

G 65.48 50.8% 3168

All classes 128.91 100.0% 1867

nZEBs 0.07 0.05% 45

The opposite trend can be seen for the consumption of grid electricity needed by build-
ings (see Table 7). In the lower energy efficiency classes, average electricity consumptions
(by 100 m2) are limited (electricity is mainly used by electric boilers for hot water), while
in the middle energy efficiency classes, average electricity consumptions tend to increase
notwithstanding the lower energy requirements of building structure, due to an increased
adoption in high energy efficiency electric heat pumps jointly used for heating, cooling
and hot water. In the high energy efficiency classes (A3 and A4), average grid electricity
consumptions tend to decrease due to the higher penetration of own produced electricity
with PV systems and hot water obtained with solar thermal panels. nZEBs show an average
consumption of electricity that falls between the average consumptions registered for all
buildings of A3 and A4 classes.

Table 8 resumes the annual primary energy consumptions of our sample of residential
buildings’ EPCs in Lombardy region. The indicator excludes energy consumptions related
to the use of renewable sources and is expressed in kWh/m2 (so called EPgl,nren). In the
case of nZEBs, the standard equation of the EPC’s energy performance (EPgl,nren) is the
sum of energy consumption functions related to the following four energy services: winter
heating, summer conditioning, domestic hot water and mechanical ventilation [50]. By
looking into the CENED database, EPCs of existing buildings that are not in the nZEBs
category usually report complete data on winter heating and domestic hot water services,
while data on summer conditioning plants are seldom reported, and, at any rate, they are
referred to heat pumps (for example 11% of heat pumps for summer cooling are reported
in class G of our sample).
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Table 7. Electricity consumptions of the study sample—EPC released in Jan–May 2021. Source:
authors’ elaboration of CENED data.

Total Electricity Consumptions Average Consumptions

GWh % kWh/100 m2

A4 3.96 6.7% 1338

A3 4.48 7.5% 2115

A2 3.67 6.2% 2347

A1 3.04 5.1% 2057

B 2.29 3.8% 1158

C 3.16 5.3% 1022

D 6.89 11.6% 953

E 8.76 14.7% 749

F 10.25 17.2% 629

G 13.04 21.9% 631

All classes 59.54 100.0% 862

nZEBs 2.54 4.3% 1724

Table 8. Primary energy consumptions (nonrenewable sources) of the study sample—EPC released
in January–May 2021, Source: authors’ elaboration of CENED data.

Total Primary Energy Consumptions Average Consumptions (EPgl,nren)

GWh % kWh/100 m2

A4 9 0.6% 3127

A3 12 0.8% 5523

A2 12 0.8% 7581

A1 13 0.8% 8767

B 19 1.3% 9839

C 36 2.3% 11,646

D 105 6.8% 14,569

E 212 13.7% 18,094

F 378 24.5% 23,232

G 745 48.3% 36,061

All classes 1542 100.0% 22,324

nZEBs 6 0.4% 4280

4.3. Methodology and Results for LCA Air Emissions’ External Cost Estimation

Figure 3 resumes the methodological steps for the estimation of the specific annual
external costs (euro/100 m2) related to the energy consumption classes of our sample of
83,343 buildings/EPC, within the broader framework of ERWA calculation. The starting
point of the analyses (phase 1) are the buildings’ average energy consumptions per 100 m2,
in terms of electricity and natural gas, as calculated in Section 4.2. The second step of the
analysis is the description of the boundaries and assumptions of the external cost evaluation
related to buildings. The boundaries of the analysis (phase 2) are the air emissions related to
the extraction, production, distribution and combustion processes of the two energy vectors
needed to provide the energy services accounted in the EPC of our sample of residential
buildings: natural gas and electricity (the energy services covered by the EPC are space
heating, domestic hot water, summer cooling and building’s ventilation).
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Figure 3. Methodology overview. Authors’ elaboration.

The three main greenhouse gases (CO2, N2O, CH4) and five of the major air pollutants
(PM2.5, SO2, NOx, NMVOC, NH3) are covered. The three greenhouse gases are quantified
in terms of CO2 equivalent emissions using the Global Warming Potential (GWP) values
for a 100-year time horizon recommended by the IPCC [58]: 1 t of N2O = 265 t CO2,
1 t CH4 = 28 t CO2.

For the natural gas combustion process, standard small size (<50 kWth) domestic
boilers including condensing boilers are considered for emission factors related to energy
consumptions [59] Table 3. Sixteen Tier 2 emission factors in g/GJ for source category
1.A.4.b.i boilers burning natural gas, and a lower calorific value (LCV) of 38.74 MJ/m3 for
natural gas consumed in Italy is assumed in the energy to gas conversion. For the upstream
and distribution processes, the emission factors are those provided by the LCA database
Ecoinvent v. 3.3 [60] for 1 m3 of natural gas delivered at low pressure to the final user in
Italy.

In the case of buildings’ electricity consumption, the mix of energy sources related
to the Internal Gross Consumption (IGC) of the Italian Electricity Balance 2018 [61] is
considered for the estimation of life cycle emissions. The mix represents both the energy
sources of the Italian production mix and the EU’s production mix that is implicit in Italy’s
electricity net imports. The functional unit for emission estimation is 1 kWhel delivered to
the final user at low voltage, and it includes grid losses due to electricity transformation
from high to low voltage (18.0 TWh, that is 5.4% of IGC [62]). We include all the relevant
processes in the analysis of air emissions also including the renewable energy plants
considered by GSE statistical reports [63].

Emission estimation (phase 3) is based on many different sources, among which
Eurostat energy balances [54], the LCA data base Ecoinvent v. 3.3 [60] and an emission
data-set based on the EU Eco-Management and Audit Scheme (EMAS) declarations in the
Italian power sector developed at RSE [64]. Because many thermal power plants produce
both electricity and heat (CPH), a procedure based on the energy output for allocating
emissions separately from electricity and heat is adopted, following Eurostat—OECD/IEA
Guidebook [65]. More information on the RSE methodology for the LCA of the Italian
electricity mix is available in [66].
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Table 9 resumes the results of the LCA air emissions estimation for the average gas
and electricity consumption (per 100 m2) of the energy efficiency classes of our sample of
building and of the subset of nZEBs (last row). Table A1 in Appendix A details the LCA
emissions/100 m2 separately obtained for natural gas and electricity-related processes.

Table 9. Air emissions related to the energy consumptions of the study sample—EPC released in
January–May 2021.

Natural Gas and Electricity Consumptions—LCA Emissions

CO2 eq NOx SO2 NMVOC PM2.5 NH3

kg-a/100 m2 kg-a/100 m2 kg-a/100 m2 kg-a/100 m2 kg-a/100 m2 kg-a/100 m2

A4 635.4 0.5 0.8 0.2 0.1 0.5

A3 1159.7 0.9 1.3 0.5 0.2 0.9

A2 1675.6 1.3 1.8 0.7 0.3 1.0

A1 2036.3 1.6 2.0 0.9 0.3 0.8

B 2458.4 2.0 2.1 1.2 0.3 0.5

C 2962.4 2.4 2.5 1.5 0.4 0.4

D 3754.7 3.0 3.1 1.9 0.5 0.4

E 4728.5 3.8 3.8 2.5 0.6 0.3

F 6121.2 5.0 4.8 3.2 0.8 0.3

G 9553.3 7.8 7.4 5.0 1.3 0.3

All classes 5843.2 4.7 4.6 3.1 0.8 0.4

nZEBs 885.8 0.7 1.0 0.3 0.1 0.7

4.4. A Method of External Cost Evaluation Based on Value Transfer

For the purpose of external costs evaluation (phase 4), we apply the damage cost
values for greenhouse gases and air emissions recommended by the EC’s Handbook on
external costs of transport [67]. The Handbook sections related to climate change and air
emissions are based on European studies that used the environmental impact pathways
approach to estimate the external costs associated with air emissions (greenhouse gases,
major air pollutants and heavy metals), as in [68–70]. For greenhouse gases (CO2 eq.),
the central (global) value recommended by the EC Handbook for emissions up to year
2030 is €2016 100/t (low € 60–high € 189; see Table 24 in [67]). As to major air pollutants
(PM2.5, SO2, NOx, NH3, NMVOC), the reference external costs per unit of mass are the
country-differentiated €2016/kg values in the Table 49 of the Handbook. These values relate
to the production processes of all energy sources. To simplify the analysis, we assume that
all processes take place in Italy. However, the treatment of well-to-tank external costs in the
EC Handbook is not entirely satisfactory. The NEEDS excel tool [71] that has been used
by the Handbook to update the external costs values provides differentiated values for
“unknown stack height”, “low stack” (<100 m) and “high stack” (≥100 m). The Handbook
Table 49 country values are related to the high stack case of emission release for PM only
(pages 192–193 of [67]), even if the original scientific source of the Handbook’s cost values
provides a differentiation for NOx and SO2 emissions as well. For example, health damages
of SO2 from high stacks should be lower as compared to the EC Handbook’s SO2 values
provided by Table 49 due to the higher dilution. Therefore, for the purpose of our analysis,
we have decided to recalculate the stack height differentiated values by applying to the
Handbook’s Table 49 single value the NEEDS tool’s ratio [71]. In practice, we divide for
Italy between “high” and “unknown” external costs values, and subsequently, we use
respectively the “high stack” external cost values for assessing the emissions of thermo-
electric power plants and the “unknown height” values for assessing emissions related to all
other well-to-tank processes (including emissions for residential gas boilers). Moreover, all
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values recommended by the Handbook have been updated to the same reference year (2019)
using a value transfer method that requires adjustments of the willingness to pay according
to the countries’ different income. Value transfer is the procedure of estimating the value of
a given good or service of current policy interest (i.e., its health and environmental cost
values) in a so-called “policy site” starting from an existing estimate for another site [72].
These methods can be divided, according to [64], in three broad categories; the simplest
and most widely used one is the unit value transfer, which is also the one used in this work.
Under this approach, the values estimated for the study site in the year of reference are used also
in the policy site, upon adjustment for income and price level differences between the two
sites. More specifically, we propose the following equation to allow for the value transfer:

Vpt = Vsg

(
Ypt

Ysg

)ε

(2)

where Vpt is the value in the policy site in year t, Vsg is the original estimate in the study
site in year g, Ypt is the gross domestic product (GDP) per capita in the policy site in year
t, Ysg is the GDP per capita in the study site in year g and ε is the income elasticity of the
willingness to pay for the good we are dealing with. Under this approach, it is assumed
that the willingness to pay for the environmental good under analysis is a positive function
of income. Such function, however, it is not necessarily linear (as ε = 1 would imply) as
it depends on individuals’ preferences for environmental goods and their health, which,
in turn, are strongly related to income levels [73] and to other issues we cannot discuss in
this work. In the literature, usually, ε is assumed to be positive, although usually lower
than one [74,75]. The Handbook cost values have been updated with different income
per capita and ε values according to the geographical scale of the original cost values: the
global scale in the case of CO2 emissions cost and Italy in the case of air pollutants. The
update of the global CO2 value requires associating it with each country depending on
their income. Starting from the estimates of ε provided by Navrud [74] for EU countries
(0.2 for high income countries and 0.5 for Eastern European countries that joined the EU in
the 2000s) and World Bank data on GDP per capita at purchasing power parity (PPP), ε was
assumed equal to 0.2 for high income countries, 0.5 for upper-middle-income countries, 0.8
for lower-middle-income countries, 1.2 for low-income countries and 0.5 for the “rest of the
world” aggregate. Finally, because the initial values to be transferred were expressed in
euro at 2016 prices, the estimated Vpt had to be converted to 2019 euro using the Eurozone
GDP deflator. In the case of air pollution costs related to Italy, ε = 0.2 is assumed. The
updated damages values per unit of mass used for the estimation of air emissions external
costs are reported in Table A2 in Appendix A.

Table 10 shows the results of the external costs estimate (per 100 m2) related to the LCA
air emissions due to the annual energy consumptions our sample of buildings. Table A3 in
Appendix A details the external costs respectively obtained for natural gas and electricity
consumptions and their life-cycle processes.

Buildings in the worst energy efficiency class (G) are responsible for 1310 euro/100 m2

of external cost that is 62% higher than the sample average. The external cost of the subset
of nZEBs is very low (141.4 euro/100 m2), falling between the external costs of class A4 and
A3 buildings. The share of climate-related external costs amounts to 78% of the external
cost (all classes), but this share is slightly reduced for the most efficient energy classes,
going from 79% (G class) to 67% in the A4 class. This is due to the increasing electricity
share of efficient buildings and to a higher contribution of air pollution-related (NOx, SO2,
NMVOC, PM2.5, NH3) external costs in the case of electricity mix rather than in the case of
natural gas (respectively 34% and 21%).
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Table 10. External costs of life-cycle air emissions related to the annual energy consumptions of
buildings, by energy efficiency class and nZEBs, Lombardy EPCs January–May 2021, values in
2019 €/100 m2.

Natural Gas and Electricity Consumptions—External Costs of LCA Emissions Total External Costs of
LCA Emissions

CO2 eq NOx SO2 NMVOC PM2.5 NH3 All Emissions

A4 68.5 6.7 10.1 0.3 4.8 12.2 102.7

A3 125.1 12.5 17.5 0.5 8.5 19.4 183.4

A2 180.7 18.4 23.3 0.8 11.8 21.5 256.6

A1 219.6 22.9 26.1 1.1 13.8 18.9 302.3

B 265.2 28.5 27.8 1.4 15.6 10.7 349.1

C 319.5 34.5 32.5 1.7 18.6 9.4 416.2

D 405.0 44.0 40.2 2.2 23.3 8.8 523.5

E 510.0 55.6 49.4 2.8 29.0 7.0 653.9

F 660.2 72.2 63.0 3.7 37.3 6.0 842.4

G 1030.5 113.0 97.3 5.7 57.9 6.1 1310.5

All classes 630.3 68.8 60.9 3.5 35.8 8.1 807.3

nZEB 95.5 9.4 13.6 0.4 6.6 15.8 141.4

5. Discussion: How to Develop the ERWAs in the Building Sector

In this section, we aim to define endogenously the ERWAs values for the building
sector credit lines through an approach that combines the Taxonomy’s technical screening
criteria with the external cost indicator for buildings. More in detail, we calculate ER-
WAs values differently for the three Taxonomy sections related to buildings described in
Section 3.2.

Prudential regulation can take into account environmental risks using a symmetrical or
an asymmetrical tool. Symmetrical tools are those providing both premiums and penalties,
while asymmetrical tools are designed to provide only one of these effects. Examples of
asymmetrical tools are the green supporting factor and the brown penalty [76]. Although
useful, asymmetrical tools do not fit well into how prudential supervision works, because
they do not allow a bank to perform an overall measurement of its assets and hence a
calculation of its minimum requirements. Moreover, they are not neutral vis à vis the
lenders’ asset composition. We think that the more secure and rapid way to introduce such
a tool is via RWAs because it allows us to put together the risk approach and the policy
approach that are at the roots of the debate [35]. We believe that the ERWA mechanism that
translates the external costs indicator into an operational measure of the environmental risk
generated by the loan is the best available option. Another example of a symmetric tool,
similar to the ERWA, is the green weighting factor used by the French banking group Natixis,
which gives “a negative (up to 24%) or positive (up to 50%) adjustment of weighted assets
to financial deals according to their environmental color rating” [33].

We explained why we take the EPC as the starting point for the integration of the
technical screening criteria required by the Taxonomy sections related to buildings (see
the summary provided in Table 4) into the ERWA framework. In particular, three types
of EPC-related information are needed: the energy efficiency class, the declaration of
compliance with the nZEB requirements, and the indicator of primary energy consumption
of nonrenewable sources (EPgl,nren).

(1) The simplest case is the purchase of an existing building (Taxonomy Section 7.7.1),
given that the Taxonomy only requires the EPC’s energy efficiency class (at least class
A1). Classes from B to G are not compliant (with the Taxonomy); hence we propose to
assign the neutral value of ERWA (1.0) to the B class, in order to provide a premium
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to the Taxonomy compliant classes (A4-A1) and a penalty to the less energy efficient
classes (C-G). ERWA values for all other energy efficiency classes are calculated using
the buildings’ life-cycle external costs indicator. As seen for Lombardy, this indicator
can be calculated for given administrative areas and climatic zones, starting from the
average primary energy consumptions of the EPC we obtain the vector of the external
costs related to the average energy consumption of each energy efficiency class, in
every area.

(2) In case of renovation of existing building (Taxonomy Section 7.2), ERWAs comes from
the Taxonomy requirement of at least a 30% reduction in terms of primary energy use
(excluding nonrenewable energy sources). The matrix of the primary energy savings
related to each energy efficiency class change, achieved with the renovation inter-
vention, is the starting point for the calculation of the environmental risk reduction
of the asset (the building’s external costs savings). The neutral ERWA is assigned
to energy saving renovations not achieving the Taxonomy criteria (including those
not allowing any energy class change), reserving an ERWA premium to Taxonomy
compliant renovations according to the reduction of environmental risk obtained
compared with the reduction potential for the same class. On the contrary, a penalty
is provided for renovations that increase the building’s primary energy use.

(3) In the last two cases (Section 7.1 construction of new buildings and Section 7.7.2
purchase of buildings built after 2020), the technical screening criteria of the Taxon-
omy are the same: the primary energy demand (excluding renewable sources) is at
least 10% lower than the threshold set for ZEBs in national measures implementing
Directive 2010/31/EU. Indeed, a single threshold for nZEBs is not guaranteed in each
climatic zone of the EU: in their national transposition of the EPBD, Member States
introduced many different requirements for nZEBs, related to the building structure to
the energy efficiency of the plants supplying the residential building’s energy services
and to the percentage of energy consumptions covered with renewable sources [50].
Lacking an EU-wide homogenous approach for nZEBs, these requirements can be
translated “ex post” into a single value of the primary energy demand indicator by
using statistical analysis of the primary energy consumption values certified by the
EPC in a specific area and climatic zone (for example, Lombardy region and climatic
zone E in our sample). In this case we suggest assigning (i) the neutral ERWA (1) to the
buildings compliant with the country-based rules on nZEBs and (ii) ERWA values < 1
to buildings compliant with the Taxonomy criteria (at least a 10% reduction of the
nZEB-equivalent primary energy demand), with ERWA values proportional to the
external costs of the new building.

In the following paragraphs, we describe ERWAs values calculation in the three cases
also providing some examples.

5.1. ERWAs Values for Credits Related to the Purchase of Existing Buildings
(Taxonomy Section 7.7.1)

The ERWA value for mortgages is based on the following criteria:

(1) The neutral value of ERWA (1.0) is assigned to the B class, to provide a premium to all
the Taxonomy compliant classes (A4-A1);

(2) The minimum ERWA value (0.5) is given to mortgages for purchasing existing build-
ings with the lowest external costs (A4 buildings);

(3) The maximum ERWA value (1.5) is assigned to the energy class with the highest
external costs (G).

Table 11 reports the ERWAs values obtained for each energy efficiency class within the
ERWA pre-defined boundaries (0.5–1.5), on the basis of the external cost indicator; these
values reflect the average external costs calculated for each energy efficiency class. Accord-
ing to the Taxonomy technical screening criteria, only A4–A1 classes can be considered
environmentally sustainable. ERWAs values for the compliant classes, calculated with
the external cost approach, range from 0.50 (A4) to 0.91 (A1). ERWAs values will provide
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a growing penalty to the other noncompliant classes (C-G). A mortgage for the simple
purchase of a house in class G would be highly penalized. These values should help to
accelerate the buildings’ renovation rate. Borrowers interested in purchasing buildings
with an EPC in the C to G range would be pushed by the ERWAs tool to combine the
purchase with the needed energy requalification of the building (see Section 5.4).

Table 11. ERWA calculation for Taxonomy Section 7.7.1 (purchase of existing buildings—built before
1/1/2021).

EPC External Costs Related to the Life-Cycle Emissions of the
Buildings’ Energy Consumptions ERWA

euro/100 m2

A4 102.65 0.50

A3 183.43 0.66

A2 256.57 0.81

A1 302.31 0.91

B 349.13 1.00

C 416.24 1.03

D 523.49 1.09

E 653.87 1.16

F 842.38 1.26

G 1310.51 1.50

5.2. ERWAs Values for Credits Related to the Renovation of Existing Building (Taxonomy Section 7.2)

In this case, the calculation of ERWAs starts from the matrix of the average primary
energy savings related to each class change obtained with the renovation intervention
(Table 12). Green cells show the class changes compliant with the Taxonomy technical
screening of at least a 30% reduction of primary energy savings, while the grey cells show
both the renovations that allow a reduction of primary energy savings of less than 30% and
the renovations that do not allow any energy class change. In most cases, the Taxonomy
requires two class jumps. For two cases only, the Taxonomy criteria is reached through a
jump of one class (from G to F allows 36% energy saving, and from A3 to A4 allows 43%).
There are also two cases where three class jumps are needed for the Taxonomy criteria: C
to A2 (−35%) and B to A3 (−44%). In our exercise, class jumps of more than two classes
are always Taxonomy compliant. The matrix of the reduction in external cost related to
each class jump is then calculated on the basis of the average external cost for each energy
efficiency class calculated in Section 4 (see Table 13). As a third step, ERWAs values are
calculated by applying the following criteria (see Table 14):

• The neutral ERWA value of 1.0 is assigned to renovations that allow a reduction
of primary energy savings of less than 30% (the Taxonomy criteria is not achieved
notwithstanding the energy savings achieved) and to renovations that do not allow
any energy class change (grey area);

• The minimum ERWA value is assigned to Taxonomy compliant renovations that allow
us to achieve the maximum potential reduction of external cost starting from each
class (the maximum potential is always achieved by reaching A4 class);

• ERWAs values for all other class changes are calculated proportionally to the actual
benefit (external cost reduction) coming from the building’s renewal compared to
the maximum potential benefit for the starting class—for instance, ERWA value for a
renewal from class G to C is obtained through the formula 1 − 0.5 ∗ (BG-C/BG-A4)
= 1 − 0.5 ∗ (894/1208) = 0.63, where 894 euro/100 m2 is the external cost reduction
obtained with a renewal from class G to C and 1208 euro/100 m2 is the maximum
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achievable external cost reduction for renovations starting from class G (i.e., the benefit
from class G to A4).

• As we cannot exclude that some building renovations (not aimed to the building’s
energy requalification) may lead to a worsening of the energy class of the building,
ERWAs are provided until the maximum value of 1.5. Symmetrically, the criteria are
proportional to the additional external costs of the renewal compared to the maximum
potential increase in the external costs for the starting energy class.

Table 12. Percentage of energy saving for each energy efficiency class change with the renovation
intervention.

From Row to Column A4 A3 A2 A1 B C D E F G
A4 0% −77% −142% −180% −215% −272% −366% −479% −643% −1053%
A3 43% 0% −37% −59% −78% −111% −164% −228% −321% −553%
A2 59% 27% 0% −16% −30% −54% −92% −139% −206% −376%
A1 64% 37% 14% 0% −12% −33% −66% −106% −165% −311%
B 68% 44% 23% 11% 0% −18% −48% −84% −136% −267%
C 73% 53% 35% 25% 16% 0% −25% −55% −99% −210%
D 79% 62% 48% 40% 32% 20% 0% −24% −59% −148%
E 83% 69% 58% 52% 46% 36% 19% 0% −28% −99%
F 87% 76% 67% 62% 58% 50% 37% 22% 0% −55%
G 91% 85% 79% 76% 73% 68% 60% 50% 36% 0%

Table 13. Environmental benefit (avoided external cost) of the class change with the renovation
intervention, euro/100 m2.

From Row to Column A4 A3 A2 A1 B C D E F G
A4 0 −81 −154 −200 −246 −314 −421 −551 −740 −1208
A3 81 0 −73 −119 −166 −233 −340 −470 −659 −1127
A2 154 73 0 −46 −93 −160 −267 −397 −586 −1054
A1 200 119 46 0 −47 −114 −221 −352 −540 −1008
B 246 166 93 47 0 −67 −174 −305 −493 −961
C 314 233 160 114 67 0 −107 −238 −426 −894
D 421 340 267 221 174 107 0 −130 −319 −787
E 551 470 397 352 305 238 130 0 −189 −657
F 740 659 586 540 493 426 319 189 0 −468
G 1208 1127 1054 1008 961 894 787 657 468 0

Table 14. ERWA values for each energy efficiency class change with the building renovation.

From Row to Column A4 A3 A2 A1 B C D E F G
A4 1.00 1.03 1.06 1.08 1.10 1.13 1.17 1.23 1.31 1.50
A3 0.50 1.00 1.03 1.05 1.07 1.10 1.15 1.21 1.29 1.50
A2 0.50 1.00 1.00 1.02 1.04 1.08 1.13 1.19 1.28 1.50
A1 0.50 0.70 1.00 1.00 1.02 1.06 1.11 1.17 1.27 1.50
B 0.50 0.66 1.00 1.00 1.00 1.03 1.09 1.16 1.26 1.50
C 0.50 0.63 0.75 1.00 1.00 1.00 1.06 1.13 1.24 1.50
D 0.50 0.60 0.68 0.74 0.79 1.00 1.00 1.08 1.20 1.50
E 0.50 0.57 0.64 0.68 0.72 0.78 1.00 1.00 1.14 1.50
F 0.50 0.55 0.60 0.63 0.67 0.71 0.78 1.00 1.00 1.50
G 0.50 0.53 0.56 0.58 0.60 0.63 0.67 0.73 0.81 1.00

The suggested approach for ERWAs calculation allows a level playing field for all
building renewals whatever is the starting class, with a higher premium that is proportional
to the environmental risk reduction achieved by the renewal as compared to the maximum
potential for the same starting class. For example, a Taxonomy compliant renovation
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from class F to D (37% of energy saving) achieves a benefit of 319 euro on a maximum of
740 euro/100 m2, obtaining an ERWA of 0.78, while a deep renovation from the same class
to A4 obtains an ERWA of 0.5 because this is the maximum achievable energy efficiency
class.

5.3. ERWAs Values for Lending to the Construction/Purchase of New Buildings (Taxonomy
Sections 7.1 and 7.7.2)

Since 2021, EPBD has required that all new buildings in the EU must comply with
nZEB requirements, so we take 1 as the maximum ERWA value for new buildings. We
suggest to assign the neutral value also to all new buildings, compliant with the legal
requirement, that do not reach the technical screening criteria of the Taxonomy (less than
10% primary energy reduction as compared to the nZEBs’ requirements). ERWA values < 1
are reserved only to new buildings that are compliant with the Taxonomy, proportionally
to their environmental risk. In Table 15, some examples of ERWA calculation are provided,
related to our Lombardy sample, made of 1618 nZEBs (from January to May 2021, climatic
zone E). In the sample, the average primary energy consumption for nZEBs, as certified by
their EPC, is 4280 kWh/100 m2, which yields an average external cost of 141.4 euro/100 m2;
this energy consumption value, and the corresponding external cost value, are taken as the
reference climatic zone threshold to calculate the Taxonomy criteria for nZEBs (at least a
10% energy consumption reduction from the threshold). If a certified nZEB has a primary
energy consumption indicator that does not comply with the Taxonomy criteria, the neutral
ERWA value is assigned. A 10% reduction in primary energy consumption as compared
to the reference threshold (example 2) allows a similar reduction of the external costs and
an ERWA coefficient of 0.95. If a higher energy consumption reduction is achieved (29%
in example 3, one that matches the average energy consumptions of nZEB belonging to
the A4 class), the proposed ERWA value is 0.85. If a certified nZEB achieves a 75% energy
consumption reduction as compared to the climatic zone threshold for nZEB (example 4),
the external cost reduces from 141.4 euro/100 m2 to 35.4 euro/100 m2, and the proposed
ERWA value is 0.63. In our framework of analysis, buildings with zero primary energy
consumptions of fossil fuels produce zero external cost; hence, the ERWA minimum value
of 0.5 is assigned.

Table 15. ERWA calculation for Taxonomy Section 7.7.2 (purchase of buildings built after 2020—nZEB
compliant). Authors’ calculation.

Categories Examples
Primary Energy Consumptions

of Nonrenewable Sources
(EPGL,NREN)

Air Emissions’ External
Costs of nZEBs ERWA

Examples kWh/100 m2 euro/100 m2

nZEB compliant with EU
regulations, but not compliant with
the Taxonomy technical screening

criteria 7.7.2

equivalent threshold for climatic
zone E (average of primary

energy consumptions of nZEBs)
4280 141.4 1.00

example 1: 7% reduction of the
nZEBs’ threshold 3980 131.5 1.00

nZEB compliant with the Taxonomy
technical screening criteria (at least a

10% reduction of the nZEBs’
threshold)

example 2: 10% reduction of the
nZEBs’ threshold 3852 127.3 0.95

example 3: 29% reduction of the
nZEBs’ threshold (average of

nZEB A1 consumptions)
3031 100.2 0.85

example 4: 75% reduction of the
nZEBs’ threshold 1070 35.4 0.63

Zero Emissions Building (ERWA
minimum)

zero emissions/zero external
costs 0 0 0.50

5.4. ERWAs Values for Credits Aimed at a Renovation Intervention of a Purchased House

The fourth and last case is the mortgage to buy a house with a subsequent renovation.
The purchasing of a house is a great opportunity to promote a deep energy renovation
intervention on the building. Our proposal is the following: if the borrower does not adopt
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a renovation project for the building, the ERWA for the simple purchase of an existing
building is applied (see Section 5.1). If the borrower receives a mortgage that covers part
of the costs of purchase as well as the cost of the renovation project, the bank applies the
post-restructuring EPC class connected ERWA, after checking the compliance with the
Taxonomy criteria (in our sample related to Lombardy buildings this result corresponds to
green cells in Table 14). Here we propose the same ERWA suggested in Section 5.2, with the
only difference of an additional criteria to prevent fake energy renewals aimed at ERWA
reduction; building renovation projects that maintain the same energy class (no meaningful
improvement) will be assigned an ERWA value corresponding to that foreseen for house
purchases without restructuring (grey diagonal cells of Table 14). Borrowers of existing
buildings of the B-G classes proposing a renovation not achieving the taxonomy 30% energy
saving criteria, but achieving at least a one class jump, can be assigned the neutral ERWA
value of 1.0 (yellow cells in Table 14); borrowers of existing buildings of the A1-A3 classes
proposing a renovation not achieving the Taxonomy criteria, but achieving at least a one
class jump, can be assigned the more favorable purchase ERWA value (near-diagonal grey
cells in Table 16).

Table 16. Applicable ERWA values for the purchase of existing building, without renovation (first
column) or with renovation (other columns).

Renewal from Row Class to Column Class
Purchase of Existing Building G F E D C B A1 A2 A3 A4

G 1.50 1.50 0.81 0.73 0.67 0.63 0.60 0.58 0.56 0.53 0.50
F 1.26 1.26 1.00 0.78 0.71 0.67 0.63 0.60 0.55 0.50
E 1.16 1.16 1.00 0.78 0.72 0.68 0.64 0.57 0.50
D 1.09 1.09 1.00 0.79 0.74 0.68 0.60 0.50
C 1.03 1.03 1.00 1.00 0.75 0.63 0.50
B 1.00 1.00 1.00 1.00 0.66 0.50

A1 0.91 0.91 0.91 0.70 0.50
A2 0.81 0.81 0.81 0.50
A3 0.66 0.66 0.50
A4 0.50 0.50

Legend: Grey: ERWAs for the purchase of existing buildings (Section 5.1); Green: ERWAs for Taxonomy compliant
renovations of Section 5.2 (at least a 30% primary energy saving); Yellow: admitted neutral ERWA (1.00) for Taxon-
omy noncompliant renovations achieving at least a 1 class jump. Authors’ calculation based on CENED data.

To explain how our tool works, we make two examples. In the first, we assume the
purchase of a house in class G that costs €100,000 and with a loan of €80,000. The Basel
3 risk weight (RWA) for an 80% LTV is 30%; therefore, the ERWA calculation would be
€80,000 ∗ 30% ∗ 150% = €36,000. If the borrower decides to renovate the house and the firm
in charge of the renovation declares that the works aim to achieve class E (confirmed by a
new EPC), the weight of the building’s environmental risk will be 73%. If the bank also
funds the renovation works for €10,000, the total loan would be €90,000; Basel 3 risk weight
(RWA) for a 90% LTV is 40%; therefore, the ERWA calculated on the loan would become
€90,000 ∗ 40% ∗ 73% = €26,280. Even with a higher loan, the bank would have a lower
capital requirement (around 30% less), with a strong push to fund house restructuring. This
without taking into account that the energy requalified house would increase its market
price, thus giving the bank a more valuable collateral.

In the second example, we use the same data, but the house is in class B and the
renovation is aimed at bringing it to A3 class. Here the ERWA calculation without ren-
ovation is €80,000 ∗ 30% ∗ 100% = €24,000; the calculation with the renovation works is
€90,000 ∗ 40% ∗ 66% = €23,760. In this second example, given that the house is already
in a good class, the bank would have fewer incentives to include renovation in the loan,
although it is still worth it: even if the capital requirement remains of the same order of
magnitude, the capital requirement to loan ratio would be reduced from 0.300 to 0.264. It
would still be convenient, for the bank, to fund the building renovation.

In Appendix B, we provide a simulation, using mortgage data of the Italian banking
system, to explain how the ERWA mechanism could work vis à vis the ordinary RWAs
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for financing house purchases coupled with energy renovations. By assessing the mort-
gage value increases and the capital reserves needed with the ERWA mechanism under
alternative scenarios, representing different percentages of renovations, we show that the
proposed ERWA tool would provide a strong but realistic incentive to the banks for funding
green mortgages covering also building renovation projects.

To sum up our proposal: the ERWA tool is able to intervene in every specific case
connected to the credit for the housing sector; its most important feature is that it is able to
connect data on environmental external costs to financial risks. In this sense, it is, for now,
a unique contribution to the debate.

6. Conclusions

The green transition requires huge amount of investment. SMEs have particular
difficultly finding funding to this end [77], which is why a discount on green financing
would truly help. A famous saying states that slow and steady wins the race. However,
against climate change, we need to speed up responses to win. Governments and financial
operators must focus on policies and tools able to quickly change the economic landscape
in order to prevent, in the future, extreme and restrictive policy choices such as a ban on
energy inefficient house sales. Therefore, it is paramount that the discussion concentrates on
rapidly deployable and incentive-based sustainable finance measures. We gave a detailed
example of one of these instruments that can be implemented in the field of banking
regulation to help banks and households to go green. The effectiveness of the proposal
lies in the fact that, in terms of data and business model of the banks (also as far as their
knowledge of prudential rules are concerned), it can be implemented almost immediately,
thus pushing a change of financial operators’ behavior. In the specific European context, our
proposal is also able to embed the ongoing regulatory efforts to involve financial operators
in the transition towards an environmentally sustainable economy (EU Taxonomy), and
it is in line with the goals posed by the EC for the financial sector. A limitation of our
work is that it is based on the EU Taxonomy that is also consistent with the area statistical
classification [78]. An international enforcement would require a mapping of the EU
Taxonomy into that of the other areas, starting from China.

Moreover, more precise data on single credit lines will allow a more granular calibra-
tion of the different. The point is to pass from the general discussions on a green regulatory
environment to change the rules of the game. The main policy implication of our work is
that there is a quick and effective way to incentivize banks to fund the green transition.
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Appendix A. Detailed Tables for Emissions and External Costs

Table A1. Detail of Table 9: Air emissions related to the energy consumption of the study sample—
EPC released in January–May 2021—kg-a/100 m2.

Natural Gas—Total Emissions from Well to Household Heat

CO2 eq NOx SO2 NMVOC PM2.5 NH3

A4 49.3 0.04 0.04 0.03 0.01 0.0001

A3 233.2 0.19 0.18 0.12 0.03 0.0004

A2 647.3 0.53 0.49 0.34 0.09 0.001

A1 1135.3 0.93 0.87 0.61 0.15 0.002

B 1951.1 1.59 1.49 1.04 0.26 0.003

C 2514.8 2.05 1.92 1.34 0.34 0.004

D 3337.2 2.72 2.55 1.78 0.45 0.005

E 4400.2 3.59 3.36 2.35 0.59 0.007

F 5845.6 4.76 4.46 3.12 0.78 0.009

G 9276.9 7.56 7.08 4.94 1.24 0.014

All classes 5465.6 4.45 4.17 2.91 0.73 0.008

nZEB 130.4 0.11 0.10 0.07 0.02 0.000

Electricity—total LCA emissions (Italian mix of sources for gross domestic electricity consumptions)

CO2 eq NOx SO2 NMVOC PM2.5 NH3

A4 586.2 0.45 0.74 0.21 0.10 0.5492

A3 926.5 0.71 1.16 0.34 0.16 0.8680

A2 1028.3 0.79 1.29 0.38 0.18 0.963

A1 901.1 0.69 1.13 0.33 0.16 0.844

B 507.3 0.39 0.64 0.19 0.09 0.475

C 447.6 0.34 0.56 0.16 0.08 0.419

D 417.5 0.32 0.52 0.15 0.07 0.391

E 328.3 0.25 0.41 0.12 0.06 0.308

F 275.6 0.21 0.35 0.10 0.05 0.258

G 276.5 0.21 0.35 0.10 0.05 0.259

All classes 377.7 0.29 0.47 0.14 0.07 0.354

nZEB 755.4 0.58 0.95 0.28 0.13 0.708

Natural gas and electricity consumptions—Emissions of all processes

CO2 eq NOx SO2 NMVOC PM2.5 NH3

A4 635.4 0.5 0.8 0.2 0.1 0.5

A3 1159.7 0.9 1.3 0.5 0.2 0.9

A2 1675.6 1.3 1.8 0.7 0.3 1.0

A1 2036.3 1.6 2.0 0.9 0.3 0.8

B 2458.4 2.0 2.1 1.2 0.3 0.5

C 2962.4 2.4 2.5 1.5 0.4 0.4

D 3754.7 3.0 3.1 1.9 0.5 0.4

E 4728.5 3.8 3.8 2.5 0.6 0.3

F 6121.2 5.0 4.8 3.2 0.8 0.3

G 9553.3 7.8 7.4 5.0 1.3 0.3

All classes 5843.2 4.7 4.6 3.1 0.8 0.4

nZEB 885.8 0.7 1.0 0.3 0.1 0.7
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Table A2. External costs of emissions per unit of mass, Italy (euro19/t), Source: authors’ elaboration
of Table 24 and Table 49 of the EC Handbook on external costs of transport [59].

CO2 eq NOx SO2 NMVOC PM2.5 NH3

Climate Change Air Pollution

Any stack height 107.9 1136 22,299

stack height < 100 m or unknown height) 14,556 13,111 45,022

stack height ≥ 100 m) 11,759 11,627 21,783

Table A3. Detail of Table 10: External costs of life-cycle air emissions related to the annual energy
consumptions of buildings, Lombardy EPC January–May 2021, by energy efficiency class and nZEB,
values in euro/100 m2.

Natural Gas, WTH (from Well to Heat) Combustion Production, Transport
and Distribution

Total External
Costs

CO2 eq NOx SO2 NMVOC PM2.5 NH3 All Emissions (Greenhouse Gases and Macro-Pollutants)

A4 5.3 0.6 0.5 0.0 0.3 0.0 4.4 2.4 6.7

A3 25.1 2.8 2.3 0.1 1.4 0.0 20.6 11.2 31.8

A2 69.8 7.7 6.5 0.4 3.9 0.0 57.2 31.1 88.3

A1 122.5 13.5 11.4 0.7 6.8 0.0 100.4 54.5 154.8

B 210.4 23.1 19.5 1.2 11.7 0.1 172.5 93.6 266.1

C 271.3 29.8 25.2 1.5 15.1 0.1 222.4 120.6 343.0

D 360.0 39.6 33.4 2.0 20.1 0.1 295.1 160.1 455.2

E 474.6 52.2 44.0 2.7 26.5 0.1 389.1 211.1 600.1

F 630.5 69.4 58.5 3.5 35.2 0.2 516.9 280.4 797.3

G 1000.6 110.1 92.8 5.6 55.8 0.3 820.2 445.0 1265.3

All classes 589.5 64.8 54.7 3.3 32.9 0.2 483.3 262.2 745.4

nZEB 14.1 1.5 1.3 0.1 0.8 0.0 11.5 6.3 17.8

Electricity (mix of gross consumptions)—All generation and production
processes Generation Production processes Total external costs

CO2 eq NOx SO2 NMVOC PM2.5 NH3 All emissions (greenhouse gases and macro-pollutants)

A4 63.2 6.1 9.6 0.2 4.5 12.2 40.7 55.3 95.9

A3 99.9 9.7 15.1 0.4 7.1 19.4 64.3 87.3 151.6

A2 110.9 10.8 16.8 0.4 7.9 21.5 71.3 96.9 168.3

A1 97.2 9.4 14.7 0.4 6.9 18.8 62.5 84.9 147.5

B 54.7 5.3 8.3 0.2 3.9 10.6 35.2 47.8 83.0

C 48.3 4.7 7.3 0.2 3.4 9.4 31.1 42.2 73.3

D 45.0 4.4 6.8 0.2 3.2 8.7 29.0 39.4 68.3

E 35.4 3.4 5.4 0.1 2.5 6.9 22.8 31.0 53.7

F 29.7 2.9 4.5 0.1 2.1 5.8 19.1 26.0 45.1

G 29.8 2.9 4.5 0.1 2.1 5.8 19.2 26.1 45.2

All classes 40.7 4.0 6.2 0.2 2.9 7.9 26.2 35.6 61.8

nZEB 81.5 7.9 12.3 0.3 5.8 15.8 52.4 71.2 123.6

Natural gas and electricity—All processes
Energy

generation
processes

Upstream processes Total external costs

CO2 eq NOx SO2 NMVOC PM2.5 NH3 All emissions (greenhouse gases and macro-pollutants)

A4 68.5 6.7 10.1 0.3 4.8 12.2 45.0 57.6 102.7

A3 125.1 12.5 17.5 0.5 8.5 19.4 84.9 98.5 183.4

A2 180.7 18.4 23.3 0.8 11.8 21.5 128.6 128.0 256.6

A1 219.6 22.9 26.1 1.1 13.8 18.9 162.9 139.4 302.3

B 265.2 28.5 27.8 1.4 15.6 10.7 207.7 141.4 349.1
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Table A3. Cont.

C 319.5 34.5 32.5 1.7 18.6 9.4 253.4 162.8 416.2

D 405.0 44.0 40.2 2.2 23.3 8.8 324.0 199.5 523.5

E 510.0 55.6 49.4 2.8 29.0 7.0 411.8 242.0 653.9

F 660.2 72.2 63.0 3.7 37.3 6.0 536.0 306.4 842.4

G 1030.5 113.0 97.3 5.7 57.9 6.1 839.4 471.1 1310.5

All classes 630.3 68.8 60.9 3.5 35.8 8.1 509.5 297.8 807.3

nZEB 95.5 9.4 13.6 0.4 6.6 15.8 63.9 77.5 141.4

Appendix B. A Stress Test on Green Mortgage in Italy

To better explain how ERWA could work vis à vis the ordinary RWA, we propose a
stress test for the Italian banking system by using available data on residential mortgages
and energy efficiency class gains in buildings’ renewal. Firstly, the test assesses the baseline
“level of convenience” for banks of the current RWA mechanism by calculating the ratio
between the capital requirements under Basel 3 rules and the total assets value (residential
mortgages outstanding). Lower capital requirements increase in the convenience for bank
to push borrowers to develop a building renovation intervention, financing its costs through
a loan increase. The test develops three different scenarios related to the implementation of
the proposed ERWA tool in financing house purchasing, related to different percentages of
house renewals:

- A first scenario where banks, faced with very different capital requirements between
inefficient home purchases and renovations, fully succeed to convince borrowers to
include in the mortgage a building renovation project (100% of mortgages for house
purchase with renovations).

- A second scenario where banks convince clients representing only half of the assets
(50% of mortgages with renovations).

- A third scenario, which finds out the minimum percentage of renovations that is
needed to maintain the same level of convenience of the baseline scenario (the starting
ratio between the capital requirements and total assets).

To implement the test, we firstly calculated the matrix representing the shares of the
energy class changes attained through current restructuring interventions in Italy (see
Table A4). The more recent available data for Italy, related to year 2019 (33,623 EPCs), are
offered by an ENEA report [44] that contains data on EPC release motivation classified
by energy efficiency class for the period 2016–2019. As can be seen from the high values
in the diagonal (no energy class improvement), using historical data is a precautionary
assumption in the stress test. Because the proposed ERWA mechanism has been designed
to prevent fake renovation (see Section 5.4), future restructuring interventions are expected
to provide much deeper energy savings, allowing for lower capital reserves.

Table A5 shows the calculation of the RWA in the year 2019, related to the amount of
new residential mortgages in Italy (42.19 billion € in 2019) and their breakdown according to
the LTV ratio [79]. In the last column, we calculate the RWA by using the Basel 3 weighting
coefficients for LTV classes. In the last row, the weighted average of, respectively, the RW
coefficients (0.2711) and amounts (11.44 € billion) are calculated. The ratio between the
capital requirements under Basel 3 rules (RWA) and the total assets value (new mortgages)
is 0.271; this provides the baseline “level of convenience” for the banks vis à vis the current
RWA mechanism.
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Table A4. Matrix of the changes in EPC after the restructuring interventions in 2019, percentages of
the total (estimate), Italy. Source: [69].

G F E D C B A1 A2 A3 A4

G 8.64% 7.62% 7.54% 7.31% 4.94% 3.68% 3.75% 2.76% 1.62% 1.61%

F 4.88% 4.83% 4.68% 3.17% 2.36% 2.40% 1.77% 1.04% 1.03%

E 3.31% 3.21% 2.17% 1.62% 1.65% 1.21% 0.71% 0.71%

D 1.96% 1.32% 0.99% 1.01% 0.74% 0.43% 0.43%

C 0.53% 0.39% 0.40% 0.30% 0.17% 0.17%

B 0.17% 0.17% 0.13% 0.07% 0.07%

A1 0.09% 0.06% 0.04% 0.04%

A2 0.04% 0.02% 0.02%

A3 0.01% 0.01%

A4 0.01%

Table A5. Italian mortgage for 2019; * data in € billion. Source: for Column 1, Bank of Italy and
Mutuionline (for a discussion, see [79]).

LTV Class % of New Mortgages New Mortgages * RW Coefficient RWA *

≤30% 6.3% 2.66 0.20 0.53

30–40% 9.0% 3.80 0.20 0.76

40–50% 16.4% 6.92 0.20 1.38

50–60% 13.9% 5.87 0.25 1.47

60–70% 20.0% 8.44 0.30 2.53

70–80% 27.9% 11.77 0.30 3.53

>80% 6.5% 2.74 0.45 1.23

All classes 42.19 0.2711 11.44

To calculate ERWAs in the three scenarios, we recalculate the mortgage value by
including an additional 10% of the house value to finance the possible renewal intervention,
thus obtaining a recalculated LTV (as a further precautionary hypothesis, no increase in the
value of the property is assumed).

Finally, Table A6 compares the current capital requirement situation (using the RWA
Basel 3 approach as baseline) and the capital requirements for the Italian case under the
three scenarios in terms of ERWAs (as said in Section 5.4, the formula to calculate the
ERWAs with the current Basel 3 risk weights is RW∗EW∗mortgages).

Results show that the “Taxonomy coherent” environmental weights for residential
mortgage house purchases that we propose would increase the capital reserve in each
scenario by 15% (100% renovations), 22% (50% renovations) and 16% (87.5% renovations),
respectively. This effect can be partially or totally counterbalanced by the correspondent
increase of asset value (and hence of banks’ income). In fact, the asset value increases
by 19% in the 100% renovations scenario, determining a reduction in the capital reserves
to assets ratio of 4%. The parity of this ratio is obtained with a renovation rate of 87.5%
of purchases, while an increase is obtained with lower renovation rates. These results
show that the proposed ERWA tool would provide a strong and feasible incentive to the
banks for funding green mortgages coupled with building renewals. This incentive can
eventually push borrowers to achieve higher energy efficiency class jumps as compared to
those prudently assumed in the test (historical shares related to 2019 renovations in Italy).
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Table A6. Capital requirements comparison between the 2019 baseline and three alternative ERWA
scenarios with different renovations’ percentage on house purchases, for new residential mortgages
in Italy. Data for mortgages, RWA and ERWA in € billion.

Baseline (Current
Regulatory Framework) ERWA Scenario ERWA Scenario

ERWA Scenario Parity of
Ratio between Capital
Reserves and Assets

Renovations = 100% of
Purchase

Renovations = 50% of
Purchases

Renovations = 87.5% of
Purchases

Mortgages outstanding 42.2 50.1 46.2 49.1

RWA 11.4 n.a. n.a. n.a.

ERWA n.a. 13.1 14.0 13.3
Ratio between capital
reserves (RWA or ERWA)
and assets (mortgages)

0.271 0.262 0.302 0.271

Variation of capital reserve
in each scenario as
compared to baseline

n.a. +15% +22% 16%

Variation of asset value in
each scenario as compared
to baseline

n.a. +19% +9% +16%

Variation of capital
reserves to assets ratio as
compared to baseline

n.a. −4% +12% 0%
(by assumption)
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