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Abstract

In response to increasingly stringent energy-efficiency requirements, the renovation
of the building stock has become a central component of climate policy. This
document proposes a valuation framework that incorporates regulatory constraints
and economic uncertainties in order to assess energy-renovation strategies. We
quantify the impact of these interventions on a building’s value, taking into account
renovation trajectories, future cash flows, and associated risks. The approach relies

on a detailed modeling of the building and the simulation of coherent scenarios.
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Executive Summary

The energy transition of the Swiss building stock is a critical component of the country’s
pathway toward its 2050 climate targets. Buildings account for nearly 40% of Switzer-
land’s final energy consumption and more than 22% of direct greenhouse gas emissions.
In an environment marked by tightening regulations, rising societal expectations, and
heterogeneous cantonal requirements, real estate investors face increasing uncertainty re-
garding the scope, timing, and cost of the renovations required to achieve regulatory
compliance.

This report develops a valuation framework that explicitly integrates energy performance
into the financial assessment of income-producing buildings. Relying on a discounted
cash flow (DCF) model, the methodology incorporates: (i) the technical condition of the
asset, (ii) component-level life cycles, (iii) future regulatory pathways, (iv) investment
cost levels and volatility, and (v) the evolution of operating expenses, rents, and vacancy
risks.

The approach compares two investment trajectories: a baseline strategy, which maintains
the asset without targeting any specific energy improvement, and a constrained strategy,
which complies with anticipated regulatory requirements (e.g., minimum CECB classes,
fossil-fuel heating bans, or HDI thresholds). The difference between the net present
values of these trajectories defines the energy discount or brown discount. This discount
reflects both the expected cost of future upgrades and the uncertainty surrounding the
interventions required.

To capture these uncertainties, the model introduces a stochastic representation of key
variables, including energy prices, construction costs, post-renovation performance out-
comes (performance gap), component lifetimes, and vacancy rates. The resulting simula-
tions generate a full distribution of net present values rather than a single point estimate.
This enables a detailed risk assessment through indicators such as the coefficient of varia-
tion, Value-at-Risk (VaR), and Expected Shortfall (ES). Buildings that are already reno-
vated and certified thus benefit from a valuation premium stemming from lower exposure

to regulatory and technical uncertainty.



The empirical application conducted on multiple Swiss real estate portfolios shows that
the cost of compliance varies widely depending on the initial condition of the asset, its
typology, and the regulatory scenario considered. Assets with poor energy performance
(CECB classes F or G, high HDI, fossil-fuel heating systems) exhibit a substantial brown
discount, driven not only by high capital expenditures but also by the elevated dispersion
of outcomes across scenarios. Conversely, recently built or renovated buildings demon-
strate stronger resilience to future regulatory requirements, improved visibility on future
cash flows, and significantly lower valuation volatility.

Overall, the proposed framework provides owners, managers, and investors with an op-
erational tool to anticipate the financial implications of the energy transition on real
estate assets. It supports strategic renovation planning, quantifies associated risks, and
reframes green value not as a discretionary premium but as the financial materialization
of reduced uncertainty and regulatory vulnerability. This methodology thus offers a ro-
bust analytical foundation for navigating the evolving landscape of sustainable real estate

investment.
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1 Introduction and Context

In Switzerland, the building stock accounts for around 40% of final energy consump-
tion (OFEN, 2023) and 22.2% of greenhouse gas emissions (residential and commercial)
(OFEV, 2023). According to the Federal Office for the Environment, emissions fell from
16.7 million tonnes of CO5 in 1990 to 9.05 million in 2023, corresponding to a decrease of
45.9% over the period, or 1.8% per year. The current renovation rate remains insufficient
to meet the climate targets set by the Confederation. However, effective technologies
are available to improve the energy performance of buildings, with significant potential
for reducing greenhouse gas emissions. As a result, buildings remain a priority target of

decarbonization policies at all institutional levels.

Over the past fifteen years or so, various public policy instruments have been mobilized
to accelerate energy renovation: stricter legislation, subsidies, tax incentives, and aware-
ness campaigns. Despite these efforts, the results are deemed insufficient to achieve the
Confederation’s 2050 objectives, and some cantons have already opted for more stringent

measures, such as mandatory renovation of buildings rated F or G on the CECB scale.

Several barriers to renovation are well identified: payback periods perceived as too long,
misalignment between those who bear the costs (owners) and those who benefit from
the gains (tenants), complexity of technical choices, lack of information on renovation
pathways, and regulatory uncertainty. The Swiss context is particularly affected by this

asymmetry, as nearly 58% of dwellings are occupied by tenants.

In a changing regulatory environment and under rising climate pressure, real estate in-
vestors seek to better understand the true value of energy renovation measures. A mean-
ingful assessment must go beyond a simple calculation of energy savings and also integrate

the impacts on future capital expenditures, operating costs, rents, and resale value. The



cash flows associated with renovations must be linked to the technical condition of the

building and the residual value of its components.

Real estate valuation thus becomes a multidisciplinary issue. Investment decisions can no
longer be dissociated from the technical dynamics of the building, public policy develop-
ments, or economic uncertainties. The long holding periods typical of the sector reinforce
the need to account for future regulatory scenarios and the risk of non-compliance. Val-
uation is therefore no longer limited to determining whether a renovation is profitable,

but rather when and how it should be carried out.

In light of these challenges, this study proposes a methodological framework for analysing
different energy renovation strategies using a discounted cash flow (DCF) valuation model.
The model incorporates component lifetimes, projected costs, regulatory requirements,
and future uncertainties. It allows for the comparison of several legally constrained
pathways and for assessing their impact on both the expected value of the building
and its risk profile. The tool aims to provide owners with a robust analytical basis for
the valuation of income-producing properties in the context of the energy transition.
Unlike hedonic approaches based on past transaction prices, this method does not seek
to estimate a market value, as the necessary transaction data are not available, but to

provide an internal financial estimate based on technical and regulatory scenarios.



2 The Swiss Real Estate and Regulatory Context

The structure of the Swiss building stock plays a central role in the energy transition.®
Only 17 % of buildings were constructed after 2000, which means that the vast majority
of the stock is potentially inefficient from an energy perspective. These older buildings
often require deep renovations to meet current performance standards, particularly in

terms of thermal insulation and emissions reduction.

The Swiss market is also characterized by a predominance of rental housing, especially in
urban areas. In 2021, 57.7 % of dwellings were occupied by tenants, a figure well above
the European average (30.1%). This imbalance between owners and tenants reinforces
the so-called “split incentive”: investments are borne by the owner, while the economic

benefits (for example, lower energy bills) accrue to the tenant.

The high share of apartments in the building stock (63.3 % versus 46.3 % in the EU) and
limited access to homeownership contribute to a concentration of ownership in the hands
of investors, whether private (individual owners) or institutional (real estate funds, pen-
sion funds, etc.), who generally do not occupy the dwellings they own. In 2021, 67.2%
of buildings were owned by private individuals, 11.7% by legal entities, and 14.4 % by

co-ownerships.

From an energy perspective, space heating accounts for around 70 % of the consumption
of a residential building. Heating oil remains the main energy source (more than 30 %),
followed by natural gas (around 25 %). The dependence on fossil fuels increases the ur-

gency of decarbonizing the building stock.

!The figures mentioned mainly come from the Federal Statistical Office (FSO) and Eurostat (OFS,
2022; Eurostat, 2021).



Figure 1: Comparison of real estate market statistics between Switzerland and the
average of the 27 member states of the European Union (Eurostat, 2021).
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To support the transition, various energy certification systems have been introduced to
reward high-performance buildings. In Switzerland, the most widely used are the CECB
(Cantonal Energy Certificate for Buildings) and the Minergie label. The CECB assigns a
rating from A (very efficient) to G (very energy-intensive), based on energy consumption
and CO, emissions. The enhanced version, CECB+, complements this assessment with
renovation recommendations. The Minergie label, launched in 1998, imposes high stan-
dards for insulation, ventilation, and energy efficiency. More demanding variants include
Minergie-P for very low-energy buildings and Minergie-A for net-zero or energy-positive

buildings. Internationally, other labels such as LEED, BREEAM, or DGNB complement



this normative landscape, particularly for institutional investors. A summary table of

the main systems is provided in the Appendix (see Appendix A).

At the regulatory level, Switzerland is gradually aligning itself with European climate
objectives, although it is not a member of the European Union. The Climate Protection
Act, adopted in 2023, sets a target of carbon neutrality for the building stock by 2050.

It also provides financial incentives to support the phase-out of fossil-fuel heating systems.

However, the operational implementation of these objectives falls under cantonal respon-
sibility, which leads to a diversity of approaches. The national regulatory framework is
defined by the Model Regulations of the Cantons in the Energy Sector (MoPEC), whose
latest update, MoPEC 2025, is being prepared to reinforce requirements on energy ef-
ficiency for both new and existing buildings. Although its adoption is voluntary, most
cantons are progressively incorporating it into their legislation. Among other things, the
model aims to generalize the ban on replacing fossil-fuel heating systems with new fossil-

fuel systems, a principle already applied in a majority of cantons.

In parallel, the Building Programme is a major incentive instrument. Co-financed by
the Confederation and the cantons, it provides financial support for energy renovations,
notably through subsidies for insulation, the replacement of fossil-fuel heating systems,
and energy audits. In return, the granting of certain subsidies is subject to strict condi-
tions, such as achieving a specified level of energy performance or providing a CECB-+

certificate.

In Zurich, the new Energy Act prohibits replacing an end-of-life fossil-fuel heating system
with another fossil-fuel system. In Geneva, a heat demand index (HDI) threshold of 450
MJ/m?-year has been set: any building exceeding this value must be renovated. In the

canton of Vaud, buildings rated F or G on the CECB scale are now subject to mandatory



renovation, with stricter requirements for large floor areas.

The regulatory environment has changed significantly in recent years, with a gradual
tightening of energy requirements. Despite differences between cantons, a common frame-
work is emerging, supported by strengthened federal policies. This evolution is gradually
reducing legal uncertainty while creating new compliance challenges. In this context,
strategic investment planning requires analytical tools capable of integrating differenti-
ated regulatory scenarios and anticipating the impact of future legal obligations on the

valuation of real estate assets.

10



3 Literature Review

In the context of the energy transition, real estate valuation must integrate new pa-
rameters, in particular energy performance and regulatory requirements. This literature
review presents the main approaches used to value buildings, with a focus on methods
that explicitly account for energy performance. We begin by recalling the foundations of
the discounted cash flow method, widely used to estimate the value of income-producing
properties. We then examine hedonic studies that seek to quantify the effect of energy
efficiency on transaction prices. Finally, we review the work on energy renovations, both
from a technical and economic standpoint, in order to identify optimization levers and

the costs associated with the energy transition in the building sector.

3.1 The Discounted Cash Flow (DCF) Method

Since the 1970s, real estate valuation has gradually incorporated more quantitative ap-
proaches based on empirical data rather than purely subjective judgements. Statistical
methods have thus been proposed (Pyhrr, 1973, Wofford, 1978), although they rely on
discretionary assumptions when choosing parameters. Pyhrr (1973) showed how numeri-
cal methods can be used to develop models that help investment decision-makers account
for three dimensions: the degree of uncertainty, time dependence, and complexity. This

model forms the basis of all modern real estate valuation models.

The DCF method is widely used in the valuation of real estate investments. It is an
approach that offers a detailed perspective based on financial projections and can incor-
porate a variety of scenarios and assumptions. In its report on investment appraisal, The
Royal Institute of Chartered Surveyors (RICS) recommends that discounted cash flow
analysis be used as a valuation method. In Switzerland, this approach is recognized by

FINMA, which considers it a standard method for valuing the real estate portfolios of

11



regulated funds.

French and Gabrieli (2005) propose a standardized approach and suggest using generic
forecasting software to allow the integration of uncertainty into real estate valuation.
Their article is based on the discounted cash flow model, and the authors emphasize
that uncertainty stems both from a lack of knowledge and from imperfect information
regarding the variables used in the analysis. They propose in particular assigning proba-
bility distributions to uncertain input parameters. This allows them to derive a range of

possible outcomes, and therefore a range of possible valuations.

Uncertainty and the Price of Risk

In the DCF framework, risk is incorporated through two channels: the simulation of cash
flows and the adjustment of the discount rate. Simulation makes it possible to generate a
distribution of net present values under different scenarios, while the discount rate reflects

the required return given the perceived risk.

In financial markets, the expected return compensates for systematic risk, as in the
CAPM. Real estate, however, does not fit neatly into this framework because of its het-
erogeneous, illiquid, and location-specific nature. The Arbitrage Pricing Theory (APT)
is a more suitable alternative, as it can accommodate hedonic attributes specific to the
property. Chaney and Hoesli (2012) illustrate this approach by decomposing the capi-
talization rate according to such attributes in order to explain observed variations in the
Swiss market. According to RICS (2010), the real estate risk premium should distinguish
between market risks (liquidity, location, business cycle, regulation) and asset-specific

risks (vacancy rates, tenant default, lease clauses, management costs).

Historically, appraisers relied on subjective “what-if” analyses. Monte Carlo simulations

subsequently enabled a more rigorous modeling of uncertainty. Baroni et al. (2006) and

12



Kelliher and Mahoney (2000) show how such simulations improve the robustness of val-

uations.

Hoesli et al. (2006) incorporate a stochastic risk-free rate using the model of Cox et al.
(2005) and propose a risk premium that takes into account the specific characteristics
of the building. Their approach combines financial dynamics and hedonic attributes to

refine real estate valuations under uncertainty.

Real Options

Incorporating real options into investment appraisal allows the valuation of strategic flex-
ibility, complementing traditional approaches such as DCF (Geltner and De Neufville,
2018). Real options capture the possibility to wait, defer, expand, or abandon a project,

which is particularly relevant in uncertain environments such as real estate.

Several methods are used to value these options: the Black-Scholes formula, which was
developed for financial markets but is limited in real estate due to illiquidity; binomial
trees; and Monte Carlo simulations (Boyle, 1977). When probabilistic information is in-
sufficient, possibilistic or scenario-based approaches can be employed (Collan et al., 2009;

Stoklasa et al., 2021).

Dupuy (2003) was one of the first authors to combine real options and Monte Carlo sim-
ulations for real estate valuation. Amédée-Manesme et al. (2013) applied this approach
to risk management for portfolios of commercial properties, modeling tenant behaviour
as an option-like component. Barthélémy and Prigent (2009) study the optimal timing

for disposing of a real estate portfolio using models derived from American options.

In the specific context of energy renovation, investment flexibility, particularly in the face

of regulatory or technical uncertainty, strongly supports the use of real options. Vimpari

13



and Junnila (2014b) thus propose modeling a green certification as a real option, enabling

the evaluation of the additional value created by this decision under uncertainty.

3.2 Hedonic Studies and Energy Performance

A large body of research has sought to measure the impact of high energy performance on
property value, rental income, operating costs, and capital expenditures. Typically, these
studies adopt a hedonic approach to isolate the effect of building energy performance

from other factors.

The hedonic method relies on transaction prices to determine the value of each character-
istic, both physical (floor area, age, quality of construction, condition, etc.) and locational
(neighbourhood or municipality quality, and micro-location within the neighbourhood or
municipality), using a multiple regression model. It can then be used to estimate the
value of any object of the same type (apartment, single-family house, multi-unit build-
ing) for which the characteristics are known. This method yields statistically reliable
value estimates when the number of transactions is sufficiently large. The theoretical
model of Rosen (1974) forms the basis of the hedonic method used in real estate. This
approach is used to estimate property values as a function of their characteristics, such
as size, location, and features. Sopranzetti (2010) discusses hedonic regression methods
applied to real estate markets, while Palmquist (2005) summarizes their fundamental

principles.

In practice, empirical studies apply the hedonic method to isolate the effect of an energy
or environmental certification on transaction prices. The idea is to compare samples of
certified and non-certified buildings, estimating their value using regression on a set of

observable characteristics. The econometric model generally takes the following form:

In P = a+ BX; + L + €,

14



where P; is the price of property i, X; the vector of physical and locational characteris-
tics, L; a variable capturing the energy certification, and ¢; the error term. Certifications
are often introduced as indicator variables, serving as proxies for the overall energy or

environmental performance of the building.

Table 1 provides a non-exhaustive overview of hedonic studies focusing on building en-
ergy performance. Although results vary by context, most studies find that more energy-
efficient buildings tend to sell at higher prices, command higher rents, and reduce oper-
ating costs. However, a distinction must be made between residential and commercial
segments. Effects are clearer and more consistent in commercial real estate, where en-
ergy performance is often part of a broader investment strategy. By contrast, results
for residential properties are more heterogeneous, partly because demand is more heavily

influenced by individual preferences and transaction data are less transparent.

It also emerges that non-residential buildings benefit more from certifications that attest
to good energy or environmental performance. Several reasons may explain this. On the
one hand, corporate tenants are generally more sensitive to their ESG image than house-
holds. On the other hand, commercial activities, which are often more energy-intensive,
directly benefit from improved energy performance. Finally, some certifications specific
to commercial buildings include additional criteria related to employee well-being, further

enhancing their attractiveness in the rental market.

In Switzerland, Brandle et al. (2022) analyse around 40,000 rents and 432 residential
building transactions from the Wiiest Partner database. They show that, all else equal,
a decrease of 1 kg CO,/m? per year is associated with an average increase in rents of
0.0012 to 0.0035%. Based on capitalization rates observed in transactions, the authors
estimate that the market value of energy-efficient residential buildings is on average 2.18

to 3.27% higher than that of less sustainable buildings.

15
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3.3 Energy Renovation

Energy renovation aims to improve the performance of existing buildings in order to meet
environmental requirements and reduce CO, emissions. The literature generally distin-
guishes two main strands of analysis: on the one hand, the technical aspects related to
energy savings and environmental performance; on the other hand, the economic aspects

related to the profitability of investments.

Energy and Environmental Impact

On the environmental side, life cycle assessment (LCA) is a standard methodological
framework for evaluating the overall impact of a building over its entire life cycle (Blok
and Nieuwlaar, 2016; Islam et al., 2015). This approach makes it possible to quantify
energy use and emissions at each stage: construction, use, maintenance, and demolition.
The use phase often accounts for 60 to 70% of GHG emissions and up to 85% of total

energy consumption (Andersen et al., 2020; Sharma et al., 2011).

To estimate the energy savings associated with renovation, the literature generally dis-
tinguishes two broad modeling approaches: top-down and bottom-up. The top-down
approach relies on aggregate statistical models based on regional or national data. It
can reveal broad trends but lacks precision at the individual building scale. Conversely,
the bottom-up approach uses detailed data specific to each building (geometry, mate-
rials, technical systems) and relies on physics-based energy simulation models such as
EnergyPlus, TRNSYS, or eQUEST (U.S. Department of Energy, 2021; ?7; Mauro et al.,
2015). These tools allow a fine representation of thermal flows, incorporating the inter-
actions between building components, user behaviour, climate, and occupancy patterns.
Dynamic simulations can model hourly variations in temperature, humidity, and energy
consumption over the entire year. In practice, energy indicators for buildings are most

often calculated using standardized “static” methods based on simplified normative as-
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sumptions. For example, heat demand is frequently estimated according to the SIA 380/1
standard, using a standard usage scenario that does not account for actual occupant be-
haviour or real climatic conditions. The CECB energy class is determined using its own
calculation model, while CO, emissions are derived from emission factors taken from na-
tional reference documents such as SIA 2031, KBOB, or AMAS. While these approaches
facilitate comparisons between buildings, they are less accurate than dynamic models for

assessing the detailed effects of specific renovation scenarios.

Economic Evaluation of Renovation Measures

Numerous studies compare different renovation measures by analysing both their energy

effectiveness and their economic profitability.

A frequently used indicator is the cost of conserved energy (CCE), which relates the ini-
tial investment to the expected energy savings over the lifetime of the measure, expressed
in CHF/MWHh. It is a simple metric that allows a comparison of the cost—benefit ratio
of different interventions. Cohen et al. (1991) and Gorgolewski (1995) show that thermal
insulation (walls, roofs) offers attractive economic returns, whereas window replacement,
although common, often leads to marginal energy savings at high cost. These studies
also stress the importance of integrating environmental criteria, such as COy emissions,

to guide renovation decisions.

However, the CCE is a static measure: it is only a ratio and does not account for the
timing of cash flows. For a more comprehensive assessment, several studies draw on net
present value (NPV), which compares projected costs and benefits of each measure over
its lifetime. Here the focus is on the evaluation of individual interventions, rather than
a global DCF analysis of the building. Verbeeck and Hens (2005) use this approach to
compare various options and identify roof and floor insulation, high-performance glaz-

ing, and heating system improvements as the most profitable measures. Popescu et al.
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(2012) propose complementing the economic analysis with an estimate of post-renovation
property value, using a scoring function based on willingness to pay. Petersen and Svend-
sen (2012) employ the marginal cost of conserved energy to optimize the combination of
measures. Other studies, such as Araijo et al. (2016) and Liu et al. (2018), conduct
detailed cost—benefit analyses and show that interventions on technical systems (heating,
windows) can be economically viable, whereas deep envelope renovations are often less

profitable.

Finally, several studies frame renovation as a multi-objective optimization problem com-
bining costs, energy performance, and emissions reduction (Evins, 2013; Asadi et al.,
2012; Diakaki et al., 2008; Bragolusi and D’Alpaos, 2022). These approaches account
for technical interactions between building components, budget constraints, and investor
preferences, in order to identify the most suitable package of interventions according to

different criteria such as NPV, energy savings, or payback time.

These studies make it possible to compare the profitability of individual measures, but a
limitation is that they typically consider them in isolation. In practice, an intervention
may become attractive when embedded in a comprehensive renovation strategy at the
building level, taking into account technical and economic synergies between components.
In this spirit, Vimpari and Junnila (2014a) asked eight practitioners to calibrate a DCF
model for two office buildings, one LEED Platinum certified and the other uncertified.
They find that an ecological certificate increases property value by an average of 9%,

mainly through higher yields and higher net rental income.

At the national level, Streicher et al. (2020b) assess the economic potential of renovations
that comply with Minergie standards for the Swiss building stock. Their analysis is based
on three cost allocation approaches: full (all costs are attributed to the energy renova-

tion), depreciation (taking into account the residual value of existing components), and
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improvement (only costs directly linked to thermal improvements are considered). Results
vary substantially depending on the approach, with a marginal cost of 120 CHF/MWh
in the full scenario versus only 1 CHF/MWHh in the improvement scenario, highlighting
the importance of clearly defining the economic perimeter of renovation. Other studies,
such as Jakob (2006), Yazdanie et al. (2017), and Ziegler (2009), analyse unit costs asso-
ciated with reducing greenhouse gas emissions (CHF /t COy) or achieving energy savings
(CHF/MWh), in order to evaluate the economic efficiency of renovation measures. Ta-

ble 2 summarizes these results for the Swiss context.

Finally, Goto et al. (2023) analyse the economic feasibility of energy renovation of build-
ings rated F and G in the canton of Vaud, in connection with the ongoing revision of
the cantonal energy law. The study considers different owner profiles (households, small
investors, and institutional investors) and shows that, despite a potential reduction in en-
ergy consumption of up to 60%, the profitability of renovations remains limited without
public support. In particular, these renovations are difficult to finance through conven-
tional bank lending. The analysis evaluates several incentive schemes (subsidies, tax
deductions, zero-interest loans, guarantees) and concludes that a combination of instru-
ments would be needed to make 80% of renovations economically viable. It recommends
prioritizing guarantee schemes, which are deemed more effective in broadening access to

financing, especially for low- and middle-income households.

Table 2: Levelized cost of energy savings and GHG emission reductions

Study CHF/MWh CHF/t CO,
Yazdanie et al. (2017) 29-82

Jakob (2006) 100

Ziegler (2009) 55
Streicher et al. (2020b) (full) 120 400
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4 Methodology

The objective of this study is to propose a methodological framework that integrates
energy performance into the financial valuation of an income-producing property using

the DCF method.

In a context where regulatory and societal requirements regarding energy performance
are becoming increasingly stringent, it is no longer appropriate to value a building under
the assumption that it will remain in its current state. The valuation must now ex-
plicitly account for the technical characteristics of the building and their evolution over
time. The condition of the components, their obsolescence, and their potential for energy

improvement thus become fundamental determinants of the future economic value of a

property.

The DCF model makes it possible to estimate the present value of net cash flows generated
by a property over a long horizon. These cash flows, however, depend on the renovation
strategy applied, which conditions the investments required, the savings generated, and
the evolution of energy performance. Cash flow planning must therefore incorporate an
energy retrofit plan consistent with the objectives set by legislation, cantonal standards,
or market expectations. On this basis, the DCF model becomes an economic assessment
tool for different renovation pathways. It also provides a way to address the question of
green value, although our methodology places more emphasis on the discount applied to

a building with poor energy efficiency (the brown discount).

The first determinant of this discount lies in the cost of achieving energy compliance.
For a poorly performing building, this cost represents a major risk that can no longer
be ignored in a financial valuation. The owner must anticipate an energy retrofit, the

contours of which often remain uncertain: which measures will be necessary, at what
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cost, and with what outcome? These uncertainties (technical, economic, and regulatory)
negatively affect the valuation of an inefficient asset. Conversely, a building that has
already been retrofitted and whose performance is certified benefits from a higher valu-
ation. This premium, the green value, generally exceeds the mere cost of the necessary
works. It reflects reduced uncertainty, transparency regarding the energy profile, and
immediate compliance with the regulatory trajectory. The reasoning is analogous to the
difference between the value of a building that is still on the drawing board and that of
a completed building: in the former case, many things can still go wrong; in the latter,
the risk has largely disappeared. The lower a building’s energy performance, the more
pronounced this discount becomes. It is therefore more natural, and more robust from an
analytical standpoint, to model a discount on an energy-intensive building rather than

attributing a premium to a building that has already been renovated.

Our approach is based on the explicit integration of the energy trajectory into the val-
uation of a building. The building is assumed to be required, in the long run, to meet
a minimum level of energy performance set by regulatory requirements. To measure its
exposure to these requirements, we compare two valuations: one based on a constrained
renovation plan that achieves the prescribed energy objectives, and the other based on an
unconstrained investment plan, not bound by any regulatory trajectory. This comparison
makes it possible to identify the additional cost of compliance, but also to highlight dif-
ferences in risk profiles arising from uncertainty about future costs, renovation needs, and
actual performance achieved. These elements are essential for assessing the regulatory

and energy vulnerability of a real estate asset.

Our approach is structured in two stages. First, we define the theoretical framework.
This framework builds on an adaptation of the DCF model so that it can be used to com-
pare different renovation strategies. For each strategy considered, the model computes

the net present value (NPV) by integrating investment costs, the savings generated, and

22



the expected evolution of the building’s energy performance. We formalize the notion
of an investment strategy in relation to the building’s technical components, then model
a discount applied to poorly performing buildings using economic comparisons and syn-

thetic indicators.

In a second stage (Section 5), we implement this methodology through a numerical as-
sessment applied to renovation pathways and the economic parameters considered. We
describe the scenarios used, the corresponding renovation trajectories, and the assump-
tions for costs, performance, and regulatory developments. All results are available on

the dedicated platform.

4.1 Integration into the DCF Model

We use the DCF model to evaluate the value of a building under a given investment
strategy, denoted s. Such a strategy defines the schedule of technical interventions on all
building components. It generates a timetable of intervention costs as well as a trajec-
tory of energy impacts over time, depending on the planned replacement, renovation, or
technical retrofit decisions. These interventions directly affect energy consumption, the
heat demand index (HDI), the CECB classes, and the CO, emissions associated with the

building.

The DCF model enables the economic evaluation of a given strategy s by estimating the

net present value of the free cash flows generated by the building:
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where FCF; s denotes the free cash flows in period ¢ associated with strategy s, and k is

the discount rate. Cash flows are defined by:

FCE,S == Lt,s - OPEXtS - CAPEXt’S,

where L, , is rental income, OPEX, ; operating expenses, and CAPEX, ; capital expen-

ditures associated with the implementation of strategy s.

Rental Income

Net rental income is given by:

Lt = (1 — nt) Qg LB;( — ]E[Dt,s]?

where 7, is the vacancy rate, oy is the activation rate of market rents, LB; the gross

market rent, and E[D; ;] the expected level of recoverable charges.

The vacancy rate reduces the effective rent collected by reflecting the share of unoccupied
space. The activation rate measures the gap between the theoretical market rent and the
rents actually charged. This gap may, for instance, stem from regulatory constraints such

as rent control.

Tenant demand determines the gross market rent, that is, the theoretical rent expected
for a comparable property in a similar environment. The potential net rent then depends
on the level of ancillary costs, which correspond to the average cost of building consump-
tion (heating, water, electricity, etc.). These charges are passed through to the tenants,
which means that the volatility arising from consumption is not borne by the owner.
However, a more energy-efficient building generates lower charges, resulting in a higher

potential net rent. The renovation strategy s therefore directly influences tenant charges
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by reducing energy consumption. It changes the structure of pass-through costs and
thereby contributes to increasing the net income received by the owner. Note also that
strong energy performance can enhance the building’s attractiveness on the rental market

(i.e., an increase in LB;}), as it is becoming an increasingly important criterion for tenants.

Expected recoverable charges, denoted E[D; |, depend directly on the building’s con-
sumption needs and on the prices of resources in period ¢t. They are given by:

_ Energy | Energy Water . Water Heating _ Heating
D, = t,s * P +Qt,5 * Py +Qt,s * Pt + FAy,

)

where Qf S Qe and Qﬁf“tmg denote, respectively, the electricity, water, and heat-
ing needs of the building under strategy s in period t. The corresponding unit prices are

denoted p{ ™%, pVeter and p; ™. The term F'A, groups all other incidental costs,

Heating

2 The heating price p;

such as maintenance, administration, or common services.
depends on the energy carrier used (electricity, gas, heating oil, etc.), which is determined

by the building’s heating system.

Operating Expenses

Operating expenses (OPEX) are modelled as a constant fraction s of rental income:
OPEXt,S = K" Lt,S'

These expenditures encompass all costs related to the day-to-day operation of the build-
ing, excluding capital expenditures. They include, in particular, routine maintenance
(repairs), property management fees (administration, rent collection, tenant relations),
as well as insurance premiums covering building-related risks. Property taxes, land taxes,

and other periodic levies are also included.

2The rules governing the recovery of charges differ across cantons.
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Capital Expenditures

Capital expenditures (CAPEX) correspond to the investments required to implement
investment strategy s. These costs are directly determined by the intervention schedule
defined in the strategy (see Section 4.2). They are then adjusted using the construction
cost index Pf to reflect the expected evolution of construction costs over time. The

formula is:

CAPEX,, =C, - P/,

where C; ; denotes the nominal cost of interventions planned in period ¢ under strategy s.

4.2 Investment Strategy

An investment strategy, denoted s, defines the timing of technical interventions on a
building. It anticipates the evolution of investment costs and the building’s future energy

performance. Formally, a strategy is represented as a time sequence of technical states:

§= {Et}?:la

where F; C E denotes, in each period ¢, the set of technical elements present in the build-
ing after all interventions carried out up to that date. Strategy s thus specifies which

interventions are undertaken, when they occur, and with which technical properties.

The technical elements that make up a building are defined by a finite set:

E: {617627...,€N},

where each element e; represents a specific component of the building (e.g., roof, windows,

heating, ventilation). Each element e; is characterized by several parameters: the year of
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installation or last renovation t;, the estimated technical lifetime d;, the replacement cost
CE and a measure of obsolescence defined by a depreciation function v; = d(age;, d;).
The function § can take different forms (linear, exponential, etc.). Each element also has
specific technical properties (for example, the U-value for windows). The overall technical

condition of the building can thus be summarized by an aggregated, possibly weighted,

measure of the individual obsolescence indicators.

Investment strategy s specifies which elements are replaced, when, and with which up-
graded technical properties. These interventions may be motivated by the end of a
component’s life cycle, an objective of energy improvement, or regulatory or environmen-
tal compliance requirements. Each period gives rise to a total intervention cost and an

associated energy impact.

The total investment cost at time ¢ under strategy s is expressed as:
N
Ct,s - Z Cz',s : Ii,t,37
i=1

where I;;, € {0,1} is an indicator variable equal to 1 if element e; is replaced or reno-

vated in period ¢ under strategy s, and 0 otherwise.

The cost associated with element e; is decomposed into a standard technical component

and a component dedicated to energy retrofit:
Ciw=CE+C

The energy component C{ffs depends on the new energy performance features chosen for
the element at replacement. For instance, replacing windows with high-performance

triple-glazed units entails a higher intervention cost but significantly improves energy
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efficiency.

The overall energy improvement between two consecutive periods is measured by the

change in energy performance:

Aft,s = f(Et,s) - f(Etfl,s>7

where f is a generic function measuring energy performance (for example, HDI, CECB
class, or COy emissions). These indicators are directly linked to the technical condition

of the building components:

(HD]t, CECBt, COQ}t) - f(Et)

The functional form of f depends on the indicator chosen and the standard model used.
For example, heat demand may be estimated according to the SIA 380/1 standard or via
dynamic thermal simulations. The CECB class is determined using the CECB model,
while CO, emissions are estimated using emission factors drawn from national reference

documents (SIA 2031, KBOB, AMAS, etc.).

Each strategy s thus defines a specific technical and energy trajectory for the building,

determining both the time path of investment costs (C; 5) and that of energy performance
(ft,s) .
Discount Rate

The discount rate reflects the return required by an investor to compensate for the risk
associated with future cash flows. It is generally decomposed into a risk-free rate and one

or more risk premia, according to:

kt == RFt+RPMt+RPOt,
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where RF; denotes the risk-free rate, RPM; the market risk premium, and RPO, the

risk premium specific to the asset under consideration.

Our objective is to compare different investment strategies applied to the same building.
The discount rate used is therefore kept identical across all strategies to ensure a coherent
comparison. In particular, no additional premium related to the building’s age, energy
performance, or investment profile is introduced into RPO;. These aspects are already

embedded in the projected cash flows.

4.3 modeling Uncertainties

In principle, the DCF model provides a point estimate of NPV for a given forecast sce-
nario of future cash flows. However, it can be enriched by a stochastic approach to reflect
the uncertainties affecting these cash flows. Such uncertainties relate both to exogenous

economic variables and to technical parameters specific to the building.

Among exogenous variables, one can introduce uncertainty on electricity prices (pF), wa-

Gas

Vater) - gas prices (p&?), the construction cost index (p¢), the risk-free rate

ter prices (p,
(RF}), as well as on the vacancy rate (1;). These variables depend on the macroeconomic
context and can be represented by probability distributions. For example, construction
prices may follow an inflationary trend combined with cyclical volatility; the vacancy rate
may fluctuate around a regional historical average; and the risk-free rate may incorporate

long-term expectations about monetary policy.

On the side of internal technical parameters, several dimensions can also be modelled
as random. The effective lifetime of technical components (d;) varies depending on op-
erating conditions and maintenance and can be represented by a triangular distribution
around a reference value. The actual energy impact of renovation works may differ from

the expected effect (the so-called performance gap), which adds uncertainty about the
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effective reduction in energy expenditures. Finally, the works schedule may be influenced

by technical, financial, or administrative contingencies, altering the timing of cash flows.

These uncertainties can be integrated into the model via Monte Carlo simulations, yield-
ing a distribution of NPV instead of a single value. Each simulation corresponds to a
possible scenario for future cash flows. In general, one can attempt to represent the full
set of possible scenarios weighted by their probability of occurrence (central scenarios be-
ing more likely than extreme ones). In this case, one simulates the standard distribution
of future cash flows. It is also possible, however, to simulate more specific scenarios. For
example: what values of NPV might arise in the presence of strong pressures on renova-
tion costs or on energy prices? This approach makes it possible to characterize the entire
distribution of NPV for a building under a given strategy, that is, not only the expected
NPV but also its risk profile, which reflects uncertainty over costs, performance, and the

regulatory environment.

4.4 Valuation and Energy Efficiency

We assume that the energy trajectory imposed by regulation is mandatory and binding.

Under this assumption, a key constraint arises:

Any real estate valuation based on the DCF method must necessarily incorporate
an investment plan that is compatible with the energy trajectory imposed by reg-

ulation: V = NPVconstrained(k)'

Consequently, a DCF valuation that does not account for these regulatory constraints

may lead to partial or biased results.

To better measure the impact of energy efficiency, we assess the building’s exposure to

these regulatory requirements. To this end, we compare two strategies. The first, referred
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to as the standard strategy, consists in merely maintaining the building’s technical con-
dition with no specific energy improvement objective. It corresponds to an investment
plan that only replaces components at the end of their life cycle, without targeting en-
ergy performance gains. The second, referred to as the constrained strategy, is the
minimum strategy that complies with the regulatory trajectory. The difference in net
present value between the standard and constrained strategies provides a measure of the

building’s exposure to mandatory energy retrofits:

ANPV = E NPV gandara(k)] — E NPV eonstrained (k)] »

where E[NPV] denotes the expected NPV obtained from simulating the different sources
of uncertainty. This difference primarily reflects the cost of compliance, which depends
on the building’s initial condition and the scale of the interventions required. When the

building already meets energy requirements, this difference is zero.

However, this approach does not account for the risks associated with energy retrofit
works. The exposure measure described so far captures only the expected cost of compli-
ance but overlooks the uncertainty surrounding this trajectory. A building requiring deep
retrofit presents a higher risk profile. Energy renovation works are subject to numerous
uncertainties: fluctuations in construction costs, the evolution of regulatory requirements,
capacity constraints in the construction sector, and so on. In addition, the choice of mea-
sures depends on the building’s specific characteristics. Without a detailed energy audit,
it is difficult to anticipate the actual cost, technical constraints, or achievable perfor-
mance (performance gap). By contrast, a building that has already been retrofitted
offers greater clarity for investors. It provides improved visibility over future cash flows,
immediate compliance with regulatory trajectories, and reduced exposure to technical
and economic uncertainty. This justifies a valuation above the mere saving in expected

costs, due to the risks avoided.
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An energy-efficient building protects its owner from the risks associated with plan-
ning and implementing a future retrofit. Its valuation should therefore reflect not
only the avoidance of future investment expenditures, but also a premium linked

to its reduced risk profile.

Based on the simulated distribution of NPV, we characterize the risk profile of a building
using three indicators: the coefficient of variation, Value-at-Risk (VaR), and Expected

Shortfall (ES).

The coefficient of variation measures the relative dispersion of NPV around its mean. It

is defined as:

o[NPV]

v = E[NPV]’

where E[NPV] denotes the expected NPV and ¢[NPV] the standard deviation of the dis-

tribution. This ratio allows volatility to be compared across assets with different values.

Value-at-Risk (VaR) at confidence level « corresponds to the maximum NPV observed
among the 100(1 — «)% worst realizations. It is defined as the quantile of the NPV

distribution:
VaR, = inf {z € R| Pr[NPV < 2] > 1 —a}.

Expected Shortfall (ES), or conditional expected loss, represents the average NPV in the

100(1 — )% worst realizations. It is defined by:

ES, = E[NPV|NPV < VaR,].
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These measures describe how the risk profile changes with the imposed energy trajectory.
For instance, if o = 95%, then VaRgsy is the maximum NPV among the 5% worst

realizations, and ESgs¢ is the average NPV across those 5% worst outcomes.

Compliance Discount via Adjustment of the Discount Rate

In the absence of a fully specified renovation plan, it is possible to represent regulatory
exposure through an adjustment of the discount rate. We define a premium z (or brown
discount) corresponding to the yield spread required by an investor to compensate for

the compliance gap:

E[vastandard(k + Z)] = E[NPVconstrained(k>]-

This equality amounts to comparing the expectations of the two simulated distributions.
It determines the increase in the discount rate required for a risk-neutral investor to be
indifferent between a compliant building (constrained NPV) and a non-compliant build-
ing (standard NPV). This approach therefore expresses regulatory vulnerability as an

implicit premium that reflects part of the risk arising from asymmetric future cash flows.

It is important to emphasize that the discount z derives directly from the simulated cash
flows. If the simulated cash flows represent the standard distribution of future cash flows,
the discount will mainly reflect the estimated value of those cash flows. In that case, the
key task is to model the regulatory effects explicitly and as precisely as possible within

the cash flows themselves.

One can also measure the discount under a specific scenario (such as a sharper-than-
expected increase in renovation costs). In this case, future cash flows are simulated
consistently with that scenario, leading to different discounts depending on the building’s

characteristics. A building requiring more compliance-related works should be more sen-
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sitive to the possible increase in renovation costs and should, therefore, exhibit a higher

discount.

Furthermore, to represent the entire risk profile (and not only the expectation), one would
in principle need to know the market’s risk aversion. Without this information, only part
of the risk is effectively accounted for. Ultimately, this valuation differential depends on

the price of risk set by the market.

Optimal Renovation Strategy

In an efficient market, the value of a building should reflect the optimal investment
strategy s*, which is compliant with energy requirements and maximizes the net present

value of future cash flows:
V(s*) = max NPV,.
seS

This optimal strategy depends on many factors: technical constraints of the building,
regulatory requirements, optimization via packages of measures, and market expectations.
In this work, we do not attempt to determine this optimal strategy. Instead, we adopt
an approach in which interventions follow a standard schedule (based on component
life cycles) without fine-tuned optimization. This method makes it possible to simulate
a realistic path to compliance while providing a robust framework for comparing the

economic and energy impacts of different regulatory scenarios.
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5 Application

After establishing the conceptual framework and formalizing the valuation approach, we
now present its practical application using representative numerical data. The objective
is to translate this methodology into an operational tool capable of quantifying the effect
of energy trajectories on the valuation of a building. The aim is therefore to show how
future energy-performance requirements can be consistently integrated into a DCF model

through realistic scenarios and well-defined technical and economic assumptions.

The imposed energy trajectories are determined by two types of regulatory scenarios:
cantonal requirements and federal targets. These scenarios are formulated in terms of
minimum energy performance, often expressed through a CECB rating and translated as
a target heating demand index (HDI). Based on these requirements, we construct ren-
ovation plans consistent with the scenarios using two approaches: an aggregated global
estimate, requiring minimal information, and a detailed component-based modeling. For

each strategy, the intervention costs as well as their energy impacts are estimated.

The DCF model is then calibrated using reference parameters: a projection horizon of 120
years, a constant discount rate, and standardized assumptions regarding rents, vacancy
rates, operating expenses, and technical inflation. Uncertainties are incorporated through
probability distributions defined for each key macroeconomic variable. This framework
enables the comparison of renovation trajectories according to their economic, energy,

and regulatory impacts.

The detailed results from this application are accessible through a dedicated online plat-
form, which allows users to explore the effects of different strategies on a building’s value
according to its technical characteristics and future energy trajectory. In this section, we

summarize the main results by first presenting the assumptions used in the valuation,
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then the characteristics of the portfolios studied, and finally the insights drawn from the

analysis.

5.1 Data

The calibration of the application relies on a minimal set of data, including the following:

« public data sources, notably the federal register of buildings and dwellings (RegBL),

FSO statistics, and various cantonal databases;
« the table of market rents by canton;

 a table of discount rates by canton, divided into three zones (city, small town,

countryside);

« an average estimate of cost per m? of energy reference area (ERA), depending on

the targeted reduction in HDI.

Additionally, operational and energy data were provided for a set of 150 buildings man-

aged by two project partners, enabling the assessment of the relevance of the estimates.

For Fund 1, an income statement covering 92 objects (some grouping multiple buildings)
was provided, which allowed the identification of rental income. The associated energy
data were matched with these buildings, leading to a set of 55 buildings for which all the
following variables were available: rental income, HDI, CECB class, insurance value, and

ERA.

For Fund 2, data were supplied for 58 buildings. Six objects were excluded due to the
complete absence of energy information, resulting in a final sample of 52 buildings. For
these buildings, the available variables include: insurance value, rental income, rental

reserve, HDI, CECB class, and heating type. The ERA was available for only 16 of them.
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5.2 Reference regulatory scenarios

In our application, we consider two types of regulatory scenarios representative of the
energy-performance requirements that may be imposed on an income-producing building
in the medium or long term. On the one hand, cantonal requirements, which vary by
jurisdiction; on the other hand, the objectives set by the Confederation as part of the
national climate policy. These scenarios constitute the starting point of our analysis and
constrain the construction of renovation plans compatible with the energy trajectories
defined by the authorities. Table 3 summarizes the objectives and timelines for each

scenario at the cantonal and federal levels.

Cantonal requirements

The first scenario is based on regulations defined at the cantonal level. These vary
across cantons but generally aim to limit energy consumption, reduce COy emissions,
and improve the thermal performance of the building envelope. These requirements
are often expressed as a minimum CECB class, together with deadlines for the gradual

abandonment of fossil-fuel heating systems.

Federal objectives

The second scenario is based on the national objectives defined by the Confederation,
particularly in the framework of the Energy Strategy 2050 and the revision of the CO,
Act. This scenario implies a gradual decarbonization of the building stock, with the
ambition of reaching carbon neutrality by 2050. It assumes a significant improvement
in energy efficiency and a strong reduction in emissions, approximated by a minimum

CECB class C requirement.
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Table 3: Objectives of cantonal and federal scenarios

Canton Objectives Deadline

Default CECB: D 2040
Decarbonized heating 2040

Geneva HDI: 450 MJ/m? per year 2031

2027 if HDI > 650 MJ/m? per year

Decarbonized heating 2040

Vaud CECB: D 2040
2035 if ERA > 750 m?

Decarbonized heating 2040

Confederation CECB: C 2050

The objectives of the scenarios are often expressed through CECB classes, which reflect
both the overall energy efficiency of the building and the quality of its thermal envelope.
Ideally, the evaluation should rely on a direct implementation of the CECB model, allow-
ing the computation of this rating from detailed technical characteristics. Although the
model is accessible, it requires a large number of input parameters (building geometry,
materials, technical systems, etc.), which prevents its full integration within our simpli-

fied parameterization.

We therefore translate these objectives into HDI target values using Table 4. This ap-

proximation preserves consistency with regulatory requirements.

Based on these requirements, each regulatory scenario defines an energy efficiency tra-

jectory that the building must satisfy. This translates into a progressive reduction of
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Table 4: Correspondence between CECB classes and HDI values

Class 1-2 floors 3—4 floors 5—6 floors
CECB Fossil Non-fossil Fossil Non-fossil Fossil Non-fossil

A [0;193] [0;165] [0;204] [0;176] [0;219] [0;190]
B 1193;245]  |165;214] | ]204;267]  |176;235] | ]219;297]  ]190;264]
C 1245;296]  ]214;263] | ]267;330]  ]235;295] | ]297;375]  ]264;338]
D 1296;348]  ]263;312] | ]330;392] ]295;354] | ]375;453] ]338;412]
E 1348;400]  |312:361] | ]392;455] |354;414] | ]453;531]  ]412;486]
F 1400;452]  |361;410] | ]455;518]  |414;473] | ]531;610]  ]486;560]
G 1452;-] 1410;-] 1518;-] 1473;-] 1610;-] 1560;-]

Note: The table is based on envelope factors and energy type.
MJ/m? per year. Data provided by Signa-Terre.

HDI values are expressed in

the HDI to be achieved before the deadline. At date ¢, the required reduction by the

regulatory deadline is given by:

AHDI, = min(HDI;*"*" — HDI, 1,0)

For example, a building with an initial HDI of 650 MJ/m? per year and a target of
450 must reduce its consumption by 200 MJ/m? per year before the regulatory deadline.
Conversely, if the building already satisfies the scenario requirements, no further improve-
ment is needed. This expression therefore provides the minimum energy trajectory that

any renovation plan compatible with the regulation must achieve.

5.3 Renovation plans

To translate the requirements of cantonal and federal scenarios into concrete renovation

trajectories, we define two approaches to planning interventions.

The first, called the global estimate, is a simplified approach: it allocates an aggregated
investment amount to the building without considering the life cycle or the individual

condition of technical components. It allows estimation of the costs required to maintain
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the building or to reach a global energy target, but does not explicitly model the elements

involved nor their specific effects on performance.

The second approach relies on component-based modeling, consistent with the method-
ological framework presented earlier. The building is divided into technical components
(roof, windows, heating, etc.), each with a life cycle, a deterioration state, a replacement
cost, and an energy impact. This more detailed approach enables the establishment of a
realistic intervention schedule. However, it requires explicit assumptions on the technical
parameters of each component (lifetime, unit cost, energy gain) to evaluate investment

trajectories and energy efficiency in a coherent manner.

5.3.1 Investment strategy based on a global estimate

In this approach, investment costs are estimated in aggregate form, without explicitly
modeling technical components. The strategy consists of two parts: an annual mainte-
nance cash flow to keep the building in operational condition, and a one-time expenditure

dedicated to energy retrofitting, planned at the scenario’s regulatory deadline.

Maintenance expenditures are modelled as a constant rate of 1.23% of the building’s insur-
ance value (VA), representing average maintenance costs observed in the Swiss building

stock (Source: OFQC, 1994).

The cost of energy retrofitting is estimated using a model provided by Signa-Terre. It
depends on the building’s ERA and the HDI reduction to be achieved. This amount
is applied once, at the date imposed by the scenario (2040 for cantonal requirements or
2050 for federal requirements), independently of the actual component life cycles. Table 5

reports these assumptions.
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Table 5: Cost assumptions — global estimate

Type Method Deadline Source

Maintenance 1.23% VA Annual PIBAT
Energy retrofit f(AHDI,ERA) Scenario deadline Signa-Terre

5.3.2 Investment strategy based on technical components

In this approach, the building is modelled as a set of technical components, each associ-
ated with a life cycle and a deterioration profile. This decomposition makes it possible to
plan interventions based on component lifetime while incorporating the energy objectives

defined by regulatory scenarios.

The building structure is represented as a collection of ten standard technical compo-

nents. Each has a reference lifetime, shown in Table 6.

In the absence of detailed metric data, costs are estimated as a percentage of the in-
surance value. For each component, two cost components are provided: the standard
replacement cost (C®), required at the end of the technical life cycle, and the additional
energy retrofit cost (C4), applied when an intervention aims to improve thermal per-
formance. Only some components have a direct impact on the HDI. The energy impact

of each upgrade is modelled as a relative HDI reduction. Table 6 summarizes these values.

Investment planning extends across the entire DCF horizon of 120 years. Each com-
ponent is replaced at the end of its technical life cycle. It is assumed that the energy
retrofit takes place during the first cycle, while subsequent cycles correspond to standard

technical maintenance throughout the model horizon.

To meet the required energy trajectory (reduction AH DT), the principle is the following:

if a high-impact component reaches the end of its cycle before the regulatory deadline, it
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Table 6: Assumptions associated with the building’s technical components

ID Component Lifetime C® (CA Energy impact
(years) (% of VA) (% HDI reduction)

1  Facades 47 % 1% ~15% to —20%
2 Windows 35 11% 2% 5% to ~10%
3 Roof 35 8% 2% ~-10% to —15%
4 Heat production/distribution 28 5% 2% -25% to —40%
5  Ventilation 36 0% 3% -10% to —20%
6  Sanitary installations 43 % - -

7  Electricity 51 4% 2% -

8  Other technical systems 25 2% - -

9  Interior finishes 36 17% - -

10 Miscellaneous 36 4% - -

Note: The table summarizes, for each technical component, the lifetime, replacement and
retrofit costs, and estimated energy impact. Data provided by Signa-Terre.

is replaced at that time with an improved version. Conversely, if the regulatory deadline
occurs before the component reaches end-of-life, the retrofit is brought forward to that

date, even if the component has remaining lifetime.

The intervention strategy follows two principles. First, the heating system is always decar-
bonized, regardless of the HDI threshold. This step constitutes an independent constraint
linked to reducing direct operating emissions. Second, improvements to the thermal en-
velope are carried out considering remaining component lifetimes: roof, windows, and
facades are replaced at their deadlines by higher-performance versions. However, if nat-
ural replacement cycles are insufficient to meet the HDI target, early interventions may
be triggered. In such cases, the order of interventions follows practical feasibility: first
the roof, then the windows, and finally the facades. This ordering reflects practical and
relative effectiveness considerations rather than a strict cost-benefit optimization (Goto

et al., 2023; Streicher et al., 2020a).
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5.4 Calibration of DCF model parameters

The DCF model parameters are calibrated using empirical data and internal sources to

ensure consistent and representative valuation.

o The vacancy rate (7;) is determined as the average over the past five years for the

region where the building is located.

o The rent growth rate (g;) is derived from the Homegate rent index. The market
rent (LB}) is estimated from a canton-level table (internal project source), and the
rental reserve is computed as the difference between current rental income and the
market rent. The activation rate (o) of this rental reserve assumes an absorption

time of 15 years, smoothing the gradual adjustment toward market rent.

« Operating expenses (OPEX; ) are modelled from a regression on our sample of 82

buildings based on their technical and energy characteristics.

» The discount rate (k) is determined from cantonal discount rates differentiated by

type of urban area.

5.5 modeling uncertainties

In this application, we introduce a stochastic modeling of uncertainties related to en-
ergy renovation. The objective is to better reflect the risks affecting future cash flows,
particularly those associated with retrofit costs, actual efficiency gains, and component
lifetime. These uncertainties are incorporated into the DCF model through Monte Carlo

simulations.
The construction price index pf is the main exogenous variable modelled. Its evolution

directly influences capital expenditures (CAPEX). To simulate its future trajectory, we es-

timate a vector autoregressive (VAR) macroeconomic model (described in the appendix).
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This model generates coherent scenarios based on simulated economic shocks.

Moreover, two technical dimensions incorporate uncertainty. The effective lifetime of
technical components d; is modelled using a triangular distribution centered on the refer-
ence value, reflecting observed variability while retaining a simple structure with explicit
bounds. Similarly, the energy impact of interventions, measured by HDI reduction, is
represented by a uniform distribution around the theoretical target. This modeling cap-
tures the “performance gap” often observed between predicted and actual post-renovation

energy performance, while reflecting an unbiased uncertainty.

5.6 Characteristics of the portfolios studied

In this real-case application, we consider two anonymized funds that provided specific
building data as well as renovation plans defined by Signa-Terre. The number of build-
ings included in our analysis is 55 and 52, respectively, for each fund.®> As shown in
Table 8, across all these buildings, the number of apartments is 1359 and 1045, respec-

tively.

Both funds are primarily located in French-speaking Switzerland. Buildings in Fund 1 are
located in the cantons of Vaud and Fribourg (63.6% and 16.4%), while those in Fund 2
are in the cantons of Geneva, Neuchatel, and Vaud (59.6%, 21.2%, and 17.3%) (see also

Figure 2).

Regarding the energy characteristics of the buildings, HDI levels reach 464.1 and 430.7
MJ/m? per year for Funds 1 and 2, respectively. The distribution of CECB classes differs
across funds: Fund 1 contains fewer buildings in classes A-D (41.8% vs. 53.9% for Fund
2), fewer buildings in class E (24.6% vs. 38.4%), but a higher proportion of buildings
rated F and G (34.6% vs. 7.7%). Additionally, the vast majority of buildings in both

3Some buildings for which certain information was missing were excluded from the analysis.
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funds (83.6% and 78.8%, respectively) are heated with fossil energy (gas or oil).

Table 7: Characteristics of the portfolios studied

Fund 1 Fund 2 Total

Number of buildings 55 52 107

Number of apartments 1359 1045 2404
Rents/insurance value (in %)  11.3 3.1 7.3

Canton (in %)

Fribourg 16.4 1.9 9.3

Geneva 1.8 59.6 29.9
Neuchatel 3.6 17.3 10.3
Vaud 63.6 21.2 43.0
Other 14.6 0.0 7.5

HDI (in MJ/m? per year) 464.1  430.7 4479
CECB (in %)

A 0.0 1.9 0.9

B 7.3 9.7 8.4

C 12.7 19.2 15.9
D 21.8 23.1 22.4
E 23.6 38.4 30.9
F 16.4 7.7 12.1
G 18.2 0.0 9.4

Heating system (in %)

Gas 60.0 59.6 59.8
Oil 23.6 19.2 21.5
District heating 10.9 15.4 13.1
Heat pump 0.0 5.8 2.8

Other 5.5 0.0 2.8

Note: The number of apartments and commercial units is estimated for some buildings via
RegBL.

5.7 Valuing the brown discount

We now discuss the brown discount premium z across the two funds, starting with the

aggregate estimate. In practice, two cases may arise:
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Figure 2: Geographical and environmental distribution of buildings
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(1) The building already complies with the standards, or will be brought into compli-
ance simply when replacing components that reach the end of their useful life before the

deadline for compliance (cantonal or federal). This is the case for 10 buildings in Fund 1
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and 10 buildings in Fund 2, which essentially correspond to buildings equipped with a
non-fossil heating system and whose envelope has a CECB rating of D. For all these
buildings, the renovation plan, defined in the absence of regulatory constraints, is the

same as under the two regulatory scenarios.

(2) For buildings that do not meet these requirements (45 and 42 buildings for Funds 1
and 2, respectively), the regulatory scenarios generate an additional cost to bring the
building into compliance before the deadline. This compliance discount (the brown dis-
count z) is 0.23% per year for Fund 1 in the cantonal scenario and 0.66% per year in the
federal scenario. For Fund 2, the discount is 0.65% per year in the cantonal scenario and
1.42% per year in the federal scenario. For some buildings with a very high IDC (above
800 MJ/m? per year), the brown discount can be particularly large and exceed 1% per

year.

Although Fund 1 has a higher average IDC and therefore a greater need for energy ren-
ovations than Fund 2, its higher rental income makes it easier to absorb the financial
impact of these works. The ratio of total investment to insured value is also higher for
Fund 1 than for Fund 2 (72.1% versus 69.4% in the cantonal scenario and 95.8% versus
86.6% in the federal scenario). However, relative to rental income, these costs represent
a smaller burden for Fund 1 than for Fund 2, which translates into a lower risk premium

for the former. Table 8 summarizes these results.

To model the uncertainties associated with energy renovations, we apply the methodol-
ogy described in Section 5.5 and generate 1,000 simulations over the investment horizon.
For each fund, we aggregate the NPV across the buildings that do not comply with the
energy requirements of the regulatory scenarios, for each simulation. The same draws are
used to evaluate the results in the standard scenario as well as in the cantonal and federal

scenarios. For comparison purposes, we normalize the results by dividing by the mean of
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Table 8: Brown discount and energy renovation costs for buildings that do
not comply with energy performance requirements.

Fund 1 Fund 2 Total

Brown discount (in %)

Cantonal scenario 0.23 0.65 0.43
Federal scenario 0.66 1.42 1.02
Costs/insured value (in %)

Cantonal scenario 72.1 69.4 70.8
Federal scenario 95.8 86.6 91.3
Costs/rents

Cantonal scenario 10.2 23.1 16.4
Federal scenario 13.8 28.7 21.0

Note: Calculations are performed only on buildings that do not comply with the federal scenario:
45 buildings for Fund 1 and 42 for Fund 2.
the aggregate NPV in the standard scenario. The resulting distributions for each fund

are shown in Figure 3.

As observed previously with the brown discount, the aggregate NPV decreases in the
cantonal and federal scenarios, since regulatory requirements imply costly energy renova-
tions, leading to higher CAPEX. For Fund 1, the cantonal scenario results in an average
erosion of the aggregate NPV of 3.9%, compared with 9.9% in the federal scenario. These
declines are accompanied by a moderate increase in the coefficient of variation, which rises
from 0.02 to 0.03 and then to 0.04. These results confirm that, despite the increase in
CAPEX induced by the regulatory scenarios, the risk profile of Fund 1 remains relatively

contained, with limited dispersion around the expected value.

For Fund 2, which is more exposed to rental losses induced by the refurbishments, the
effect of the regulatory scenarios is much more pronounced, with reductions in NPV
reaching 22.1% and 33.3% in the cantonal and federal scenarios, respectively. At the
same time, the coefficient of variation increases sharply, from 0.08 in the standard sce-

nario to 0.12 and then 0.19, indicating much higher volatility of the aggregate NPV. The
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Figure 3: Distribution of aggregate and normalized NPV for each fund.
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greater exposure of Fund 2 to rental losses and construction uncertainties is therefore

reflected in both the level and the dispersion of the results.

Finally, the distributions also show a marked widening under the regulatory scenarios.
This effect is explained by the fact that a high level of energy renovations increases the

fund’s exposure to uncertainties, in particular to changes in construction costs.

Table 9 provides a more detailed characterization of the impact of the regulatory scenarios
on the risk profile of each fund. For Fund 1, the 95% VaR and Expected Shortfall remain
close to the central scenario, even in the federal scenario (0.84 and 0.82, compared with
an average NPV of 0.90), suggesting a limited deterioration of the worst trajectories. By
contrast, for Fund 2, the VaR and Expected Shortfall fall to 0.62 and 0.56 in the cantonal
scenario, and even to 0.44 and 0.37 in the federal scenario, illustrating a much more
pronounced risk of extreme losses. These results show that the brown discount manifests

itself not only through a reduction in expected NPV, but also through a significant
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increase in the risk of adverse scenarios, particularly when the portfolio is exposed to

deeper refurbishments.

Table 9: Risk statistics for the normalized aggregate NPV.

Mean NPV Coefficient of variation VaR 95% ES 95%

Fund 1 1.00 0.02 0.96 0.95
Cantonal scenario 0.96 0.03 0.91 0.90
Federal scenario 0.90 0.04 0.84 0.82
Fund 2 1.00 0.08 0.87 0.82
Cantonal scenario 0.78 0.12 0.62 0.56
Federal scenario 0.67 0.19 0.44 0.37

Note: The results are based on 1,000 simulations, normalized by the aggregate NPV in the
standard scenario for each fund. The risk measures include the value at risk (VaR) and the
expected shortfall (ES) at a 95% confidence level.
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6 Limitations

Since our application is designed to be used with default values—particularly for building
characteristics and renovation costs—its main limitation lies in the lack of precision of

certain key model parameters.

On the one hand, the parameters used in the DCF model are calibrated from observed
averages or internal project sources. This approach enables the comparison of different
strategies but does not guarantee an absolute valuation perfectly suited to each individ-
ual building. Incorporating more granular market data would allow refinement of these

calibrations and increase the model’s accuracy.

On the other hand, the energy impact of interventions is difficult to quantify precisely.
In our application, this impact is based on simplifying assumptions. In particular, the
energy effect of component replacements is not estimated rigorously due to the absence
of detailed technical data. It should also be recalled that the overall energy performance
of a building results from complex interactions among technical components, their in-
dividual properties, and their synergies. A more precise modeling approach, based on
physical characteristics of the building and integrating normative standards (such as the
SIA 380/1 standard on heating energy needs), would be necessary to refine energy tra-

jectories and better reflect the reality of interventions.

Furthermore, regarding public policy, our framework assumes known and binding re-
quirements limited to renovation obligations. It does not incorporate other regulatory
mechanisms that could affect value—such as rent caps, leasing prohibitions, or tax incen-
tives. Moreover, uncertainty regarding regulatory deadlines is not modelled, even though

it represents a significant risk for owners and investors.
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Finally, the study does not model the entire macroeconomic system within which climate
policies operate. The impact of massive renovation demand on construction-sector ca-
pacity, and therefore on prices, remains an open question. A fully feedback-based model
incorporating supply, demand, employment, and migration dynamics would be needed
to project these tensions more realistically. Another unmodelled effect is the potential
strengthening of rental demand for renovated buildings. In practice, more energy-efficient
buildings may benefit from greater attractiveness and higher rents. But in the absence

of sufficient and transferable empirical data, this effect was not incorporated.

Using a sample of buildings with richer technical and energy information enabled us to
test the application using real cases. However, this study also presents limitations due
to the relatively small number of buildings. Moreover, the absence of detailed data on
actual renovation costs prevents precise estimation of energy retrofit expenditures. These
are estimated as percentages of insurance value, a method that does not account for
construction or technical specificities of each building. This simplification particularly
affects the estimation of the discount, which depends critically on actual costs necessary

to meet energy performance targets.

Ultimately, these limitations highlight opportunities to improve the model, notably through

enhanced data availability, refinement of energy-related assumptions, and gradual inte-

gration of market or behavioral mechanisms that remain difficult to model today.
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7 Conclusion

This paper proposes an operational methodology for integrating future energy require-
ments into the valuation of income-producing buildings. Starting from an enhanced DCF
framework, we explicitly model the impact of renovation trajectories on future cash flows,
distinguishing between several investment strategies: a standard maintenance strategy

and strategies constrained by cantonal or federal requirements.

We also introduce a stochastic modeling of key economic and technical uncertainties.
Construction prices, component lifetimes, actual efficiency gains from retrofit measures,
and vacancy rates are simulated to obtain a distribution of NPV, not a single value. This
approach makes it possible to characterize both the expected impact of each renovation

trajectory on building value and the risk profile associated with each trajectory.

This framework enables the measurement of a building’s energy vulnerability, meaning
the difference in value between a non-compliant strategy and one compliant with regu-
latory requirements. This difference does not only reflect the cost of compliance; it also
captures a risk premium associated with uncertainty over the measures required, their
cost, feasibility, and actual performance. In a market with imperfect information, it thus

justifies a higher valuation for a building already renovated.

We also highlight that renovations driven by the energy trajectory structurally modify
the building. By incorporating high-performance components, they increase future re-
placement costs and alter the long-term dynamics of CAPEX. Valuation must therefore

incorporate this cyclical dimension.

Although the proposed framework provides a coherent modeling approach, it is based on

several important simplifications: cost estimates remain approximate, CECB objectives
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are translated indirectly through HDI, and DCF model parameters are calibrated using
generic average values. These limitations underscore the need to improve data availabil-
ity, incorporate more mechanisms related to the functioning of the real-estate market,
and develop more comprehensive models linking buildings to their economic and regula-

tory environment.
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A Certification systems

Numerous energy and environmental certification systems have been developed at na-
tional and international levels to encourage sustainable construction and energy renova-
tion. Some are universal and apply to all building types; others are reserved for buildings
meeting high performance standards. Most certifications evaluate buildings according
to structured criteria: energy efficiency, water management, indoor air quality, material
selection, overall environmental impact, and innovation. Their objective is twofold: stan-
dardizing assessments and guiding investment decisions.

Table Al on the next page presents a summary of the main certification systems. A
selection of these systems is described briefly below.

LEED (Leadership in Energy and Environmental Design) is a rating system developed by
the U.S. Green Building Council (USGBC) to assess a building’s environmental perfor-
mance. Evaluation criteria cover a range of categories including energy efficiency, water
use, indoor air quality, construction materials, and innovation in design. Buildings can
receive LEED certification at different levels (Certified, Silver, Gold, or Platinum) de-
pending on the number of points obtained.

The Energy Star program is a joint initiative of the U.S. Environmental Protection Agency
(EPA) and the U.S. Department of Energy. It certifies buildings and products that meet
specific energy efficiency standards. Unlike LEED, which evaluates buildings more com-
prehensively, Energy Star considers only the building’s energy performance. Only build-
ings in the top quartile of energy performance are eligible.

Green Globes is a certification system for sustainable buildings used in the United States
and Canada. It assesses seven categories: energy management, water management,
resources, emissions and effluents, indoor environment, project management, and site.
Green Globes uses an online evaluation process and provides feedback throughout design

and construction. Buildings are rated on a 1,000-point scale and can receive one to four
“Globes.”

The Energy Performance Certificate (EPC) is required in Europe for buildings that are
constructed, sold, or rented. The EPC provides an estimate of a building’s energy effi-
ciency on a scale from A (very efficient) to G (inefficient). It is intended to provide owners,
buyers, and tenants with a clear assessment of the building’s energy performance, along
with recommendations for improvement.

The Global Real Estate Sustainability Benchmark (GRESB) is an industry standard for
measuring the environmental, social, and governance (ESG) performance of real-estate
investments worldwide. Launched in 2009 by major institutional investors, GRESB eval-
uates real-estate and infrastructure portfolios based on policies, practices, and ESG per-
formance.
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Developed in the UK, the Building Research Establishment Environmental Assessment
Method (BREEAM) evaluates building environmental performance in categories includ-
ing energy management, water use, health and well-being, pollution, transportation, ma-
terials, waste, ecology, and management. Points are awarded in each category, and build-
ings can achieve a certification level of Pass, Good, Very Good, Excellent, or Outstanding.

B VAR model

To simulate the future evolution of prices related to energy renovation, we use a vector au-
toregressive (VAR) model, which captures relationships among multiple macroeconomic
variables over time.

In a VAR(p) model, each variable is explained by its own lagged values as well as those

of other variables in the system:

Y = Ay + Aoye—o + o Apyp + g,

where y; is the vector of variables at time t, A; are coefficient matrices, and u; is an error
term.

The model is estimated on nine quarterly series from 1985 to 2023, including energy

prices, interest rates (Saron short-term rate and 10-year Confederation rate), inflation,
and renovation costs. The results are shown in the table below.
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Table A2: Estimated coefficients of the VAR model

Variable GDP Infl. Saron Bond Renov. cost Elect. Gas Fuel oil

Intercept  0.787  -0.162 -0.262 -0.043 -0.191 -0.246  0.042  -3.982
(0.424)  (0.115) (0.078) (0.070) (0.136) (0.700)  (1.077)  (3.295)
L1.GDP 0.638 0.046 0.035 0.014 0.162 -0.137  0.384  1.304
(0.095) (0.026) (0.018) (0.016) (0.030) (0.157)  (0.242)  (0.740)
L1.Infl. -0.497  0.704 -0.170 -0.063 -0.040 0.289  2.013  -4.574
(0.295)  (0.080) (0.054) (0.049) (0.094) (0.488)  (0.750)  (2.295)
L1.Saron  0.168 -0.117 0.792 -0.028 -0.161 -0.832  -0.004 -3.648
(0.306)  (0.083) (0.056) (0.051) (0.098) (0.506) (0.778)  (2.380)
L1.Bond  -0.018 0.106 0.156 0.986 0.035 0.315 -0.924  3.890
(0.277)  (0.075) (0.051) (0.046) (0.089) (0.458)  (0.704)  (2.153)
L1.Renov. -0.027 0.073 0.067 0.026 0.940 0.478  0.541  0.933
(0.133)  (0.036) (0.024) (0.022) (0.042) (0.219)  (0.337)  (1.031)
L1.Elect.  0.036 -0.014 0.019 -0.011 -0.062 -0.139  -0.487  -0.119
(0.063) (0.017) (0.012) (0.010) (0.020) (0.104)  (0.160)  (0.490)
L1.Gas 0.042  0.007 0.012 0.012 0.017 0.059 -0.096  0.151
(0.042) (0.012) (0.008) (0.007) (0.014) (0.070)  (0.108)  (0.330)
L1.Fuel oil 0.045 0.015 0.003 -0.002 0.009 -0.038  0.088  0.028

(0.014)  (0.004)  (0.003)  (0.002) (0.005) (0.024)  (0.037)  (0.112)

Note: The VAR model is applied to nine Swiss macroeconomic time series. The coefficients and
their standard errors (in parentheses) are estimated over the period 1985-Q1 to 2023-Q2, for a
total of 154 observations.

To assess the impact of shocks in the system and the dynamic responses of the variables,
we use the estimated VAR model to simulate trajectories of the endogenous variables. We
perform 1000 simulations for each time-step from ¢ = 1 to T'. Each simulation, indexed
by s (s =1,...,1000), follows:

ygs) = Aly,gi + A2y1£i)2 +. Apyt(i)p + UES)

The error terms ugs) are generated to match the statistical properties of the estimated

model, particularly the covariance matrix of residuals.
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