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Abstract: This study investigates how energy retrofitting measures contribute to increasing
the market value of multi-family residential buildings within the European real estate
market. It examines how energy efficiency improvements, driven by EU decarboniza-
tion strategies, enhance the actual and perceived value of these properties. The research
employs a dual-methodology approach, integrating the Cost Approach to estimate the
financial impact of retrofitting with the Contingent Valuation Method (CVM) to evaluate
consumer willingness-to-pay (WTP) for energy-efficient properties. Two real case studies
are considered to evaluate the methodology and how the monetary value of buildings is
affected by their energy efficiency. The results revealed that buildings subjected to deep
energy retrofitting are more attractive to potential buyers, who are willing to pay a premium
of 13.5% over properties in pre-retrofit conditions. This underscores the tangible market
value increment attributed to energy efficiency enhancements. This study bridges the gap
between the quantifiable costs of energy retrofitting and the market valuation, offering
a dual perspective by integrating both actual cost analysis and perceived market value.
Moreover, this work highlights the correlation between energy retrofit investments and
increased market value in the European real estate sector.

Keywords: building energy efficiency; real estate market value; retrofitting cost estimation;
deep retrofitting

1. Introduction

The building sector accounts for 30% of global final energy use and 27% of energy-
related emissions [1]. In the European Union (EU), they account for approximately 40% of
total energy consumption and 36% of greenhouse gas emissions, making them a key target
for sustainability and decarbonization efforts [1,2]. To address this, the EU has implemented
several legislative measures, notably the Energy Efficiency Directive 2012/27/EU and
the Energy Performance of Buildings Directive (EPBD) 2010/31/recently updated in the
release 2024 /1275 [3]. These directives establish a framework for transforming low-energy
performance buildings into nearly Zero-Energy Buildings (nZEBs) and Zero-Emission
Buildings (ZEmB). As a result, EU governments, decision-makers, and private entities have
allocated significant resources to promote the transition toward ZEmB and enhance energy
efficiency in the building sector [3-5].
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In support of these strategies, a Minimum Energy Performance Standard (MEPS) was
proposed by the European Commission in July 2021 as part of the broader “Fit for 55” initia-
tive. This initiative aims to reduce greenhouse gas emissions by 55% by 2030, compared to
1990 levels [6]. The MEPS specifically targets the retrofitting of energy-inefficient buildings,
particularly those having the worst energy rating [6].

Energy efficiency has emerged as a critical factor in determining a building’s market
value, as potential buyers are increasingly willing to pay a premium for properties that offer
lower energy costs [7-9]. Tax incentives and financial support from governments further
bolster the market appeal of energy-efficient properties [10]. The European Commission
(2021) estimates that upgrading buildings from energy class G to F could result in annual
energy savings of 4.6-6.2 million tons of oil equivalent (Mtoe), highlighting the significant
energy-saving potential of retrofitting measures. To support the implementation of MEPS
by 2030, the EU has allocated up to EUR150 billion from its budget [11].

The benefits of building energy retrofitting can be broadly categorized into four key di-
mensions: economic, societal, environmental, and operational. From a financial perspective,
retrofitting reduces energy costs, stimulates economic growth, enhances property valua-
tion, supports public finances, and lowers costs associated with energy imports [12-14].
However, quantifying the precise impact of energy retrofitting on market value remains a
complex and multifaceted issue [15,16]. Despite increasing interest in this area, existing
research presents inconsistent results, influenced by local market conditions and building-
specific characteristics, such as location, construction year, and technical attributes. These
factors encompass both technological and socio-economic aspects [17]. Furthermore, the
relationship between retrofitting costs and market value appreciation is contingent on
factors including the scope of retrofitting measures, local property market dynamics, and
specific energy efficiency interventions.

Given these complexities, the generalization of findings on the market value of
retrofitted buildings presents a considerable challenge. This work aims to address this gap
by applying an assessment method to evaluate the market value of energy retrofitting, focus-
ing on two main phases: partial /standard retrofitting and deep retrofitting, and applying
case studies from two different European countries. The study also introduces a method-
ology combining the Contingent Valuation Method (CVM), which captures consumer
willingness-to-pay, with the cost approach, providing cost-based estimates to evaluate
both perceived and actual impacts of retrofitting. The inclusion of both partial and deep
retrofitting scenarios reflects varying investment levels and their distinct market outcomes.
This approach compares actual retrofit costs with perceived market benefits, focusing on
understanding the factors influencing property value, based on customer preferences gath-
ered through surveys to identify key value drivers. In alignment with Manganelli’s (2006)
principles [18], of economic efficiency in real estate, the proposed methodology explores:

e Financial viability, assessing the financial feasibility of retrofitting investments to
ensure adequate returns.

e Data-driven decision making, offering actionable insights for stakeholders to make
informed retrofitting investment decisions [19].

e Balancing cost and value, ensuring retrofitting costs align with potential property
value appreciation.

e  The study focuses on the market effects of three energy performance scenarios:

e  high-performance with deep retrofitting;

e medium performance with partial retrofit;

e  low performance, which represents the pre-retrofit scenario.

Finally, the proposed methodology is applied to two real-world case studies within the
framework of the European Union project funded by Horizon 2020 [20]. The case studies
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are located in Bagnolo in Piano, Italy, and Lyon, France, and were selected as they host
the case studies of the Horizon 2020 HEART project; the two analyzed buildings reflect
two distinct but comparable European contexts with representative features of the EU
multi-family housing. Indeed, they have a similar typology but are placed in two slightly
different climates (continental climate in Lyon and temperate climate in Bagnolo) and
market contexts (large metropolitan area for Lyon and small town for Bagnolo), which are
well-representative of the EU context.

This study prioritizes residential buildings, given their substantial share in the Euro-
pean building stock and their importance as a primary target of EU energy policies.

Overall, this research offers a comprehensive analysis of the added value derived from
building energy retrofitting. It combines insights from actual retrofit costs and perceived
market benefits. The study evaluates both the financial feasibility and the broader market
impacts of retrofitting investments, aiming to provide actionable recommendations. The
findings aim to support policymakers and stakeholders in making data-driven decisions,
advancing energy efficiency in the building sector, and addressing existing gaps in the
literature on retrofitting’s market value.

2. Literature Review

The market for energy retrofitting in the European Union holds considerable potential,
driven by the pressing need to enhance energy efficiency across the existing building stock.
With current renovation rates at only 1% per year, the EU aims to raise this figure to 3%
by 2050 to meet zero-carbon targets [2]. Understanding the value that energy retrofitting
adds to market prices is critical for encouraging investments and accelerating the adoption
of energy-efficient solutions. Energy retrofitting includes both partial upgrades to specific
components and deep retrofitting, which involves comprehensive enhancements to build-
ing energy systems. This section focuses on how energy retrofitting affects property market
value, particularly by examining the price premiums associated with energy-efficient build-
ings. It also reviews the primary valuation techniques used to assess the market value of
retrofitted buildings, such as the Cost Approach and Income Approach [13,21]. By iden-
tifying key factors that influence market value, this review highlights the role of energy
efficiency in shaping property investment trends.

2.1. Impact of Energy Retrofitting on Market Value

Energy retrofitting significantly enhances the market value of residential buildings by
improving energy performance, reducing operational costs, and increasing buyer appeal
through enhanced sustainability features. Two key factors influence a residential building’s
market value: locative attributes (extrinsic factors like location and surrounding amenities)
and structural attributes (intrinsic factors related to the building’s physical characteristics,
including its EPC ranking). The latter is essential in determining the marginal price
of a property, which reflects the additional price paid for specific features like energy
efficiency [22,23].

The marginal price for energy efficiency varies across Europe and even within individ-
ual countries, regions, or cities due to differences in climate, construction materials and
methods, and local cultural attitudes toward sustainability [24]. The Energy Efficiency
Directive 2012/27/EU and the Energy Performance of Buildings Directive enable the mea-
surement and rating of building energy performance through an EPC. The classification
system rates buildings on a scale ranging from ‘A’, indicating the highest efficiency, to ‘G’,
representing the lowest efficiency. Understanding this classification system allows potential
buyers to make better-informed decisions when purchasing a property [25]. A recent re-
view [15] analyzed how building energy retrofitting impacts real estate values by combining
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EPC ratings with other building characteristics [23]. It noted that EPC ratings can reduce
uncertainty and assessment errors in the real estate market. Moreover, a European Com-
mission study [26] revealed that energy retrofitting, as reflected in improved EPC ratings,
can increase property values by 1.5% to 11% across various countries. This demonstrates a
clear correlation between retrofitting measures and higher property valuations.

Due to the instability of the property market, it can be challenging to outline compar-
isons among different subsegments over a long time span. Nonetheless, understanding
general price trends can still be useful. For example, a study [27] compared the appraisals
of affordable rental accommodation in different countries across two time spans: 2012
and 2015 for England, and 2010 and 2015 for the Netherlands. According to the authors,
valuation methods for energy efficiency evolved over time. In the first time span of their
study, they found that the energy performance of the housing did not significantly impact
its valuation. However, during the second time span, the existence and rate of the energy
labels demonstrated a significant impact on housing valuation. This change could be
attributed to greater market awareness of retrofitting’s impact on building value and policy
changes during the second time span.

Several studies, like [28], have explored methods to quantify the long-term financial
benefits of energy efficiency. They identified various building characteristics—including
size, maintenance, floor level, and the Energy Performance Index (EPI)—as key drivers of
market value. Among these, EPI emerged as the most significant factor influencing market
value. These findings underscore the growing recognition of energy retrofitting as a key
driver of increased market value, making it a vital consideration for property stakeholders.

2.2. Price Premium of Energy-Efficient Buildings

The added value of a retrofitted building can be quantitatively assessed by comparing
its post-retrofit market value to its pre-retrofit market value. This difference, known as the
price premium, is a measure of the economic benefits of the retrofit. Numerous studies have
shown that buildings with high-energy performance achieve higher sales and rental prices.
A positive premium refers to a higher value of the property, but its calculation is complex
as it is influenced by numerous factors. These factors include the type of retrofit being
undertaken, the location of the building, obtained performances, the age of the building,
and local building codes and regulations. This variability makes it challenging to generalize
and quantify the exact price premium of building retrofitting.

The translation of better energy performance into a price premium is grounded in the
theory of willingness-to-pay (WTP), where eco-labels play a vital role. Credible and user-
friendly eco-labels enhance transparency, reduce information asymmetry, and drive higher
WTP for energy-efficient buildings [29]. In this regard, systematic reviews conducted by
different research teams have used meta-analysis techniques to quantify the price premium
of building energy retrofitting under various data conditions, boundary conditions, and
reference cases [8,29,30]. Considering the global estimation of the quantified price increase
related to building retrofitting, the quantitative meta-analysis for the price premiums in
the housing of all the classes (A-G) highlighted both the premiums in Europe for each
energy class as well as a global effect on price premium on housing sales when the property
holds an EPC [30]. However, heterogeneity in energy classes, reference cases, and energy
efficiency criteria used across studies hinders the comparison of price premiums, leading
to inconsistent and incomparable results. To address this issue, Reference [30] employed an
analysis based on two reference bases: (i) energy classes groupings (comparing the reference
groups ABCD and ABC with groups EFG and DEFG, respectively) and (ii) individual classes
(classes D, E, G, or No Label as reference). The meta-analysis estimated a price premium
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of 4.20% for dwellings holding an EPC in the global market, with premiums of 2.32% in
Europe, 5.36% in North America, and 4.81% in Asia.

Moreover, some researchers have considered different types of energy certifications
of the building such as LEED, Energy Star certifications, or EPCs, and compared them to
non-certified buildings in their meta-analysis. For instance, in a systematic review [31] of
housing with LEED or Energy Star certifications, or EPCs of individual houses, buildings
with higher energy labels, such as classes A, B, or C, were identified as certified proper-
ties. It revealed that energy-certified buildings have a total 4.3% average weighted price
premium compared to non-certified ones. Similarly, another study [32] applied the same
meta-analysis approach for energy-certified buildings using data from 205 feasibility as-
sessments worldwide. This study highlighted a higher price premium for energy-certified
buildings, regardless of energy class, compared to non-certified ones, with an average
premium of 7.6% in the overall analysis. To identify some of the underlying factors driving
this variance—such as reference instances—a meta-regression technique was employed.
Additionally, another meta-analysis [9] reviewed over 50 evaluations and estimated that
the sale price premium is recognized by economic agents. This analysis reported that
correcting the major publication bias reduced the original estimates by half, showing a
price premium ranging from 4% to 8% for any energy class of energy-certified buildings
compared to non-certified ones.

Furthermore, a broader study conducted by the European Commission (2018) reported
that building retrofitting can greatly impact the developers/owners, public interest, tenants,
and sustainability by reducing operational costs, lowering environmental impact, and
reducing the use of primary resources [8]. They reported that having an energy efficiency
label/ certification can lead to a rise in residential asset prices by 3-8% and rental prices by
3-5%, in comparison with non-certificated buildings. However, for commercial buildings,
this price improvement is significantly higher, ranging between 10 and 20% for sales price.
Notably, rental prices also show positive effects of 2-5%. It is important to note that the
impact on market value can vary significantly depending on the type of retrofitting that
can play a significant role. Other factors, such as the region, country, property type, and
timeframe, also influence property value. A study by [33] analyzed the price premium
associated with different EPC ratings, using a G rating as a reference, without focusing
on specific retrofits. The hedonic analysis, based on a sample of 378 residential properties
for sale in Padua, Italy, at the end of 2019, evaluated price increases for various energy
ratings through a regression model. The study found that the price premium for buildings
with an EPC of A or B compared to G ranged from 11.2% to 39.8%. The broad range can
be attributed to missing variables related to energy performance, such as heating/cooling
system efficiency, insulation, and air leakage. This highlights the need to consider specific
retrofits when interpreting these findings.

2.3. Valuation Techniques and Approaches

In theory, the value of a property is determined by both its quality and quantity. Quan-
tity refers to physical characteristics (e.g., size, age, and construction material), while quality
is more subjective. Quality includes the neighborhood, socioeconomic, and environmental
characteristics of the building, such as location, accessibility, green spaces, and energy
efficiency [34]. These characteristics are considered in various methods for valuing real
estate [35,36]. Several evaluation techniques can be used for the estimation of the price
premium of building retrofitting. Some of the most common include the most popular
International Valuation Standards (IVSs) methods—Cost Approach, Income Capitalization
Approach, Market/Sales Comparison Approach—as well as the Hedonic Prices Model
(HPM), the Contingent Valuation Method (CVM), and the Hybrid Approach [34-36]. While
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IVS methods focus on market value estimation, HPM and CVM rely primarily on the pref-
erences and willingness-to-pay of potential buyers or stakeholders. The Hybrid Approach,
in contrast, combines two or more methods to estimate building prices when individual
methods are insufficient.

This study focuses on reviewing and evaluating the CVM and the Cost Approach. The
CVM gathers stated preferences directly from potential buyers or stakeholders in cases
where comparable market data are unavailable. The Cost Approach, on the other hand,
is a straightforward method that considers the current market price of materials, labor,
and other associated costs to determine the relevant total cost figures for the building.
This method provides a solid foundation for estimating the market value of buildings by
considering the actual/potential costs of constructing a similar building from scratch. It
operates under the principle that buyers would pay no more for assets than the total costs
of obtaining assets with the same utility level (see IVSs).

2.4. Contingent Valuation Method (CVM)

The CVM is a direct method that considers the specific preferences and circumstances
of the individuals or communities being surveyed, based on hypothetical markets. In a
hypothetical environment, the research team can determine individuals’ or communities’
WTP for public goods or services [24,37,38]. The hypothetical nature of market modeling is
linked to the potential preference concerning a good/service that is not available on the
market yet, a fact that makes its availability uncertain. This uncertainty arises not only from
individual preferences but also from the actions and funding decisions of other actors and
stakeholders. These funding decisions are often delayed or dependent on future decisions,
which contributes to the overall uncertainty of the market model.

The CVM is mostly used for the assessment of the value of environmental goods,
though it has also been applied in regular market conditions where assets being evaluated
can be directly compared due to having similar features (Pandolfi 2020). Furthermore, it is
a method that relies on real market prices, meaning it may be negatively affected by the
absence of reliable and sufficient data in specific periods of the typical real estate market
cycles [39,40].

Consumers’ WTP for residential nZEBs was studied in South Korea through a CVM
survey [40]. The households there placed a significant value on residential nZEBs com-
pared to conventional buildings. They found that buyers” WTP includes a premium of
401 euros per m? for residential nZEBs, representing 17% of the typical residential building
price per square meter in South Korea. Similarly, a study in Switzerland analyzed WTP for
several residential building solutions focused on energy saving [41]. In this case, the WTP
for the retrofitting interventions was 13% more for high-performance windows, 8% for
the regular value for the ventilation system, and 3% for the normal value for an improved
thermal envelope. Moreover, the WTP for Home Energy Management Systems (HEMS) was
analyzed [42], considering how socioeconomic and demographic characteristics affect the
probability of demand in Tokyo and New York utilizing CVM. Over 60% of the participants
in both cities expressed their WIP for HEMS features.

However, limited research has focused on the economic and energy performance
of buildings undergoing deep retrofitting. For instance, a study was conducted on
the effectiveness of deeply retrofitted home HVAC systems [43], finding that combin-
ing some retrofitting interventions can considerably reduce energy usage while still
being cost-effective.

The added market value of a building through energy retrofitting can be evaluated
using the CVM [42,44], which can help estimate the value that individuals place on the
benefits of the retrofit, such as reduced energy costs, enhanced indoor air quality, and
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emissions reduction. Table 1 illustrates how CVM can be useful in estimating the value of
non-monetary benefits that are difficult to quantify, such as improved comfort or reduced
environmental impact [45].

Table 1. Main benefits and limitations of the CVM to estimate the added value of building energy
retrofitting [37,39,41,44,46].

Benefits Limitations

Direct measurement of the individual/the Relies on survey data which can be
community WTP for the energy retrofits.  affected by bias and errors.

Captures non-monetary benefits (indoor ~ Vulnerable to the design of the survey,
air, comfort, noise). wording, context, and population surveyed.
Useful in the absence of comparable

building information and data.

2.5. Cost Approach and Valuation Standards Benchmarks

The approach involves estimating the price of the properties by calculating the cost
to construct any improvements on the property, subtracting any depreciation, and finally
adding the value of the land at its highest and best use. This method is based on the
principle that the property’s value is determined by the price to acquire the land and
construct the building [37,47]. The cost approach calculates the property valuation as the
sum of the price of the land and its depreciated value of any additional enhancement made
on the property. While the Cost Approach is widely used in real estate valuation, it has
some limitations. For instance, it does not take into account market trends and consumer
preferences, which can affect a property’s value [48]. Table 2 outlines the main benefits and
limitations of this approach.

Table 2. Main benefits and limitations of the Cost Approach for estimating the added value related to
building retrofitting [47,48].

Benefits

Limitations

An accurate measure for appraisal of new
or non-comparable properties, undergoing
renovation or reconstruction.

Indicates if the property is undervalued or

Difficulty in finding cost data,
time-consuming collection process.

Difficult to calculate major depreciation

overvalued. in existing properties.
Widely accepted and recognized in the real Market trends and consumer preferences
estate industry and insurance companies. are not factored.

To overcome uncertainties and limitations of the CVM, the results of this method could
be compared with the Cost Approach techniques, which can determine the actual market
value of buildings starting from their cost profiles. This comparison helps to highlight the
so-called ‘green premium’ [49], which rises from the growing attention and demand in
the building market for green buildings. Nonetheless, the need to include and connect
socio-economic variables, generally sampled just for the most important profiling factors,
can lead to issues and misconceptions in the disaggregation of values. To address this, a
Cost Approach evaluation has been performed to identify the difference in market value
determined by the perception of various factors elicited by the CVM,; it also allows for
establishing the threshold of valuation in accordance with the financial principle that
prohibits buyers from paying more than the cost to obtain an equivalent asset through
purchase, except when there are a significant risk, time constraints, inconvenience or
other factors to consider [48]. This principle determines that the market value should be
evaluated as the sum of all the expenses needed to build a structure, starting from the
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value of the green land plot, and summing all the other economic factors, including the
developer profit.

In alignment with the research objectives, a potential solution for addressing envi-
ronmental challenges in the built environment is to enhance consumer awareness about
operational energy consumption. Such awareness has the potential to shift consumer
behavior toward more environmentally conscious decisions, specifically a preference for
retrofitted buildings over non-retrofitted ones. By choosing energy-efficient buildings, con-
sumers can drive a broader market for retrofitted buildings, thereby reducing the overall
operational energy of the built environment and contributing to the decarbonization goals
of the built environment. Recent price volatility in energy markets has placed significant
economic pressure on both building construction and operational costs [50]. This volatility
underscores the importance of effective investment in retrofitting, as indicated by life
cycle cost analyses [51]. Beyond individual buildings, retrofitting can impact the overall
sustainability of neighborhoods, cities, and metropolitan areas [52]. Additionally, enhanced
energy efficiency can contribute to increased property values, thereby influencing market
cycles and price levels.

In summary, this review identifies critical gaps in the existing literature, including
inconsistent findings on the market impacts of energy retrofitting, a lack of comparative
analysis between partial and deep retrofitting, and limitations in existing valuation ap-
proaches for capturing non-monetary benefits and regional variations. This study bridges
these gaps through the application of a dual-method framework, integrating real-world
case studies to explore the financial and market impacts of retrofitting.

3. Research Methodology

This study employs a structured framework that integrates the CVM to capture
consumer willingness-to-pay and the Cost Approach to assess the financial impacts of
retrofitting on property value. The methodology is applied to case studies in Italy and
France, evaluating both partial and deep retrofitting to provide comprehensive insights
into perceived and actual market impacts. Additionally, the study employs a dual-method
approach to assess the impact of energy retrofitting on market values within a European
context. By combining CVM and the Cost Approach, the study provides a detailed anal-
ysis of how retrofitting interventions influence the market value of residential buildings.
Figure 1 provides an overview of the research methodology employed in this study.

Evaluation Methods :
Application on the case § ~ nmmrmmmmmmme,

e 1

studies by comparing: H
‘ Contingent Valuation ] [ Cost ’ /ﬁ\ €

Method (CVM approach -
z ( ) it Pre -retrofitting
Literature o Impact of energy
review dard ial i retrofitting scenarios
R Evaluating indicators [EEus Standar _/ l?arha i onthe real estate
retrofitting market dynamics

{ 1

and cycles
] Deep 5
[ Actual market value J[ Perceived market value J retrofitting R R =

Figure 1. Overview of the research methodology.

The primary objective is to assess how different levels of energy retrofitting—partial
and deep retrofitting—influence market value. This comparison is drawn from both the
perceived value, obtained from consumer surveys using the CVM, and the real value,
estimated through detailed cost analyses using the Cost Approach. To structure the study,
two real-world case studies were selected from the Horizon2020 HEART project: one in
Bagnolo in Piano, Italy, and the other in Lyon, France. These retrofitting projects represent
two representative contexts to assess the impact of high-efficiency energy conservation
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measures on multi-family buildings’ property value. The survey used for the CVM analysis
followed a multi-step process to ensure reliability and relevance. This process began with
the identification of the study area and target properties, followed by the design of a survey
instrument using Google Forms. The survey introduced different retrofitting strategies and
presented participants with potential payment options for such investments.

In the first phase, to segment respondents based on their spending preferences, the
survey included a screening question related to car preferences. Asking participants to
choose between cars with similar prices but differing features, such as energy efficiency, is a
strategy to capture their underlying spending behaviors. This approach provided insights
into how individuals value non-market attributes (e.g., energy efficiency) in products, which
could then be compared to their attitudes toward energy-efficient retrofitting decisions.

More in detail, a pilot study with 131 participants was conducted to refine the survey
and ensure its clarity. The participants, primarily architects and architectural engineers
with master’s or Ph.D. degrees, were selected based on their expertise in building design,
energy retrofitting, and market valuation. This targeted selection ensured comprehensive
coverage of qualified experts and provided informed feedback on the survey design. After
the pilot study, the feedback was used to make minor refinements in phrasing and structure,
without altering the core methodology.

For the final survey, participants with similar expertise and qualifications were selected
to ensure consistency and reliability in the data collection process while minimizing the
potential for bias. The adopted selection process targeted random sampling to ensure a
homogenous sample, capturing consistent and comparable perspectives on energy-efficient
retrofitting. The final respondent pool maintained a balanced gender distribution, with
51.15% female and 48.85% male participants. Figure 2 shows the evaluation process of the
research methodology.

EVALUATION METHODS

Identify the purpose and scope of the evaluation: Added market value of the building energy retrofitting

Define the study area and target population: Residential buildings in ELI |

Contingent valuation method (CVM)

Develop a detailed ordinary cost estimate for the
energy retrofitting process

Adjust the cost estimate for physical, functional, and
external obsolescence factors

Estimate the depreciation and salvage value of the
existing building and equipment

i + Develop the survey tool

i+ Conduct a pilot survey and main survey

+ Clean and preprocess the data to remove outliers/errors
* Apply CVM clustering

: = Estimate the mean and median WTP

i« Define economic and consumer surplus

£ co

[
MPARISI
$

Figure 2. Evaluation process with CVM and Cost Approach.

3.1. Application of Contingent Valuation Method (CVM)

The Contingent Valuation Method (CVM) was used to assess respondents’ willingness-
to-pay (WTP) for energy retrofitting measures. The survey was designed using Google
Forms and was carefully structured to capture perceptions of energy efficiency, including
different retrofitting strategies and potential payment methods. The feedback from the
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pilot study led to minor adjustments in the survey’s phrasing and structure, but the core
methodology remained the same.

The survey collected demographic data and presented product choices to assess how
respondents valued non-market attributes such as sustainability and energy efficiency.
Respondents compared two energy-efficient building products, identical except for one
feature, to segment them based on spending preferences. This segmentation provided
insights into their attitudes toward retrofitting decisions. Participants then evaluated
retrofitting measures on real buildings in Bagnolo in Piano and Lyon, representing both
partial and deep retrofitting. They were asked to indicate their WTP for retrofitting, using
a sliding scale based on standard market values of EUR 100,000 for Bagnolo in Piano
and EUR 300,000 for Lyon. Clear descriptions of partial and deep retrofitting measures
were provided to ensure respondents understood the scenarios, enabling consistent and
comparable valuation of energy-efficient upgrades.

Since the study sample primarily included architects and engineers with expertise
in building design and energy retrofitting, ensuring informed responses, this homogene-
ity may limit the generalizability of findings to broader populations. Additionally, the
hypothetical nature of the CVM introduces potential bias, as stated preferences may not
fully align with real market behaviors. Despite these limitations, CVM is a robust tool for
assessing consumer perceptions when comparable market data are unavailable, aligning
with the study’s objectives. The data underwent cleaning to remove incomplete or incon-
sistent responses, and outliers were handled using standard statistical methods. A CVM
clustering analysis was applied to segment respondents by their WTP, offering a deeper
understanding of consumer groups’ preferences for retrofitting interventions. The results
were generalized into reference profiles, providing valuable insights into how different
retrofitting projects are perceived in terms of value. Further development may incorporate
geographical data (e.g., GIS) to enhance the model’s applicability across Europe.

3.2. Application of Cost Approach

In parallel with the CVM, the Cost Approach was applied to assess the financial costs
of retrofitting. This approach included a detailed cost estimate for each project, covering
materials, labor costs, design and engineering fees, and overhead expenses. The estimates
were then adjusted for physical, functional, and external obsolescence, considering factors
such as age, condition, and remaining useful life of building components.

These adjustments were proportional to the building’s total area (in square meters),
ensuring that larger buildings, which experience greater depreciation due to physical wear
and tear and functional inefficiencies, were appropriately evaluated. The salvage value of
the property was also considered to account for the long-term financial impact of retrofitting
on the building’s value. Depreciation of building components was calculated to reflect the
building’s condition and useful life, and this was factored into the final cost assessment.
The results from the Cost Approach were then compared with the WIP data from the CVM,
providing a comprehensive view of the economic efficiency of retrofitting. This comparison
aimed at determining whether the investment in energy efficiency was financially justifiable
from both the consumer’s and the investor’s perspectives. It is important to recognize
that not all retrofitting costs translate directly into market value increases. Factors like
local demand for energy-efficient properties and broader market dynamics can create
a discrepancy between actual investment costs and perceived market value. This was
considered when comparing the results of the Cost Approach and CVM outcomes, ensuring
a balanced view of both the financial and perceptual impacts of retrofitting.

In applying the Cost Approach, several technical assumptions were made to ensure
accurate cost and market value estimations. Depreciation was calculated based on the build-
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ing’s age, condition, and remaining useful life, with adjustments for physical, functional,
and external obsolescence according to the total area of each building. Regional market
conditions, such as labor and material costs, were considered to reflect local differences
between the case study locations of Lyon and Bagnolo in Piano. Additionally, broader
economic factors, including expected future savings from energy efficiency improvements,
were incorporated into the overall cost analysis to provide a realistic and comprehensive
estimate of post-retrofit market value.

4. Case Studies

As previously introduced, the proposed research methodology has been applied to two
residential buildings subjected to deep retrofitting within the Horizon 2020 HEART project.
These buildings, located in Bagnolo in Piano, Italy, and Lyon, France, were specifically
chosen as case studies for this work due to their suitability for evaluating the market
increase in multi-family housing resulting from a representative deep retrofit intervention
and their potential for providing insights into the market value of residential properties
in two European regions. The approach toward deep retrofitting in this work is assessed
through three phases: Pre-retrofit, standard/partial retrofit, and deep retrofit, hereafter
described in detail.

Pre-retrofit: Both studied buildings are medium-sized multi-family houses. The build-
ing in France was built in 1985 and has a net surface area of 1397 m? with 26 apartments in
total, while the building in Italy is a four-story building constructed in 1975 and character-
ized by a net surface area of around 738 m? with 12 apartments in total. Both case studies
had simple double-glazing windows and envelopes with minimal or no thermal insulation.
The heating system of the Italian case study was powered by a centralized boiler, while in
the French one, there were decentralized gas boilers in each dwelling. The control system
in the Italian one was based on a fixed climatic curve, while in the French one was based
on thermostats. The water distribution pipes were made of steel and were not insulated.
Both case studies were deep retrofitted. To assess the benefits of retrofitting, the pre-retrofit
buildings were compared with both the standard and deep retrofit scenarios.

Partial retrofit (building envelope): In this scenario, window refurbishment/substitution
and the application of opaque envelope insulation panels on fagades and roofs were considered.

Deep retrofit (building envelope + HVAC systems): Here, in addition to the partial
retrofit, the HEART toolkit was employed for a deep retrofitting of the building. High-
energy performance heat pumps were installed to replace the existing fuel-powered gen-
erators. More in detail, the new heating system is based on a configuration that includes
centralized direct-current air-to-water heat pumps (DC-HP) to pre-heat/pre-cool the build-
ing water loop. Connected to the latter there are DC smart fan coils installed in each room,
which act as water-to-air decentralized heat pumps, heating up/cooling down ambient air
utilizing a vapor-compression circuit. To provide and store Domestic Hot Water (DHW),
smart DHW boilers are installed in each apartment and act as water/water heat pumps.

In the Italian case study, an 8.5 kW, Building-Integrated Photovoltaics (BIPV) system
is responsible for generating the building’s electricity, which is primarily used to directly
power two heat pumps through a multi-input multi-output power converter (MIMO).
Similarly, in the French case study, the roof is covered with a BIPV system of around
15 kWp, which is directly combined with two power converters and four DC-HPs. Moreover,
thermal energy storages are installed in both case studies: they are used to store PV energy
in the form of thermal energy. Lastly, a cloud-based energy management system was used
to properly control and manage the buildings. Furthermore, the entire retrofit concept
had a significant impact on non-renewable primary energy consumption. The pre-retrofit
energy consumption of the Italian case study was equal to 154 [kWh/m?yr], which was
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then reduced to 21 [kWh/m?yr] as a result of the deep retrofit. Similarly, in the French case
study, this indicator decreased from 280 [kWh/m?yr] to 55 [kWh/m?yr].

The Italian and French property markets showed expanding trends in 2021, with a
significant rise in residential building transactions following a challenging 2020 due to
COVID-19 and lockdowns. These markets, compared to other European and North Ameri-
can contexts, show a significant fragmentation of real estate property, with most residential
units being owned by their occupants. Only in the biggest cities is the rental segment some-
how more lively, with an increasing level of prices, which marked an important evolution
of the situation before COVID [53].

House pricing is relatively higher in France, compared to the Italian national average
situation, though in Italy, there is a significant gap between different locations (North/South,
bigger cities/smaller towns), probably wider than in the French context, determining a
fluctuating variance that will only be filled by recent trends (need for green spaces, smart
working solutions). The price increase recorded in 2021 intensified in 2022, mostly in the
French provinces, not only for newer properties but for the entire market residential stock.
This does not counterbalance some recent concerns determined by the scarce stock replace-
ment and new production trends that will surely continue in the future in both countries,
thanks to a new and different sensitivity towards the topic of soil preservation [53].

The building market in Lyon is shaped by its central role in regional development. As
the core of urban growth in the Rhone province, Lyon sees higher average property prices
than surrounding areas [54]. Apartments tend to have higher prices than houses, not only
because of their location and the availability of services in dense, central areas but also due
to strong demand and higher purchasing power (solvency) among buyers in these regions.
Additionally, engineering and construction costs, particularly in urban apartment develop-
ments, contribute to the price increase. The rental market shows more consistency, with
significantly higher prices concentrated in the city center (1st arrondissement) compared to
the outer zones [55]. The area of the case study in Lyon has an average price for residential
units of 2340 EUR/m?, regardless of their specific features [56].

Bagnolo in Piano is, instead, a secondary town in its reference urban system (being a
peripheral town close to Reggio Emilia), which means that its average price is significantly
lower than in Lyon. Though being a small town in a medium-level urban system in terms
of available facilities and attractivity, Bagnolo in Piano has recorded stationary prices
in the last two years, with some minor increases for the rental segment. From the kind
of residential stock available, most of the houses in Bagnolo in Piano can be considered
old (built before 1991) and are quite small in terms of building size (mostly two floors)
and big in terms of unit layout (4-5 rooms). For such a context, the average price for
residential units, independent of their features in the city zone of Bagnolo in Piano, is
around 1000 EUR/m? [57].

5. Evaluations and Results

This section summarizes the results of the evaluation process carried out according to
the methodology described in Section 3.

5.1. Results of Application of Contingent Valuation Method (CVM)

The first screening section related to car preferences segmented respondents accord-
ing to spending preferences. As shown in Figure 3, the Aston Martin Vantage (19.85%),
Tesla Model S (19.08%), and Audi e-tron (16.03%) were the top preferences. This result
reflects diverse priorities, including performance and sustainability, rather than strictly
cost-sensitive choices.
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Figure 3. The results of the CVM survey in the screening questions related to car preferences.

The data analysis shows significant stability in the respondents” WTP, with similar per-
ceived value for the four key elements of retrofitting (windows, walls, HVAC systems, and
renewable energy solutions). This trend was observed in both Lyon and Bagnolo in Piano,
with a slight preference for Bagnolo in Piano, likely due to its lower initial property values.
Notably, high-performance windows and renewable energy solutions were rated highest,
indicating their importance in energy efficiency and long-term savings. Respondents’
preferences seem to highlight their awareness of both functional and financial benefits.

Figure 4 presents a comparison of the average WTP results from the CVM for both
Lyon and Bagnolo in Piano. Although the average WTP for Bagnolo is slightly higher—by
approximately 0.31% in the deep retrofit scenario—this can be attributed to the lower
initial market values in Bagnolo, reflecting local market conditions. While this difference is
small in percentage terms, the gap becomes substantially more pronounced when WTP is
converted into monetary values, favoring Lyon significantly. This highlights the greater
variability and larger market value gains in Lyon, especially when comparing deep retrofit
performance with the pre-retrofit scenario.

Lyon Bagnolo in Piano
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Figure 4. Average willingness-to-pay (WTP) for key retrofitting elements in Lyon (left) and Bagnolo
in Piano (right) across different retrofit scenarios.

This variation in WTP can be attributed to local market conditions rather than the
retrofitting measures, which were comparable in both case studies. The higher market
values in Lyon provide more flexibility for absorbing the costs of retrofitting, allowing for a
greater return on investment. In contrast, the lower property values in Bagnolo constrain
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WTP, even though the relative percentage increase due to retrofitting remains significant.
This underscores the role of market conditions in shaping buyer perceptions and their
willingness to invest in energy-efficient upgrades.

This concept is further supported by the Evans diagrams [50], which indicate that
perceived value increases are often influenced by the percentage of improvement relative
to the original market value, rather than the intrinsic value of the retrofitting itself. Over
time, the value of built environments declines due to physical and economic deterioration,
with retrofitting playing a key role in mitigating this. By extending a building’s lifecycle,
retrofitting not only maintains but enhances its perceived value, reducing the risk of
premature replacement. The perceived value of retrofitting is fundamentally tied to its
ability to prolong the building’s operational life, making the investment increasingly
appealing over time.

This relationship becomes evident when considering that the greater the perceived
value increase from retrofitting, the longer the extension of the building’s useful lifetime.
This reduces the likelihood of premature abandonment or replacement. The financial tip-
ping point—determining when it is more cost-effective to replace the structure—depends
on the efficiency of retrofitting procedures in lowering energy consumption and enhanc-
ing the building’s sustainability. When the retrofitting process successfully extends the
building’s lifecycle, replacement can be deferred until a complete transformation becomes
financially justifiable. Respondents implicitly understood this balance, recognizing the
significant influence of the proposed solutions on prolonging the useful lifetime of the two
case studies through more efficient retrofitting. Regarding sale probability, the introductory
questions revealed a clear preference for properties in the deep retrofitting scenario, which
are significantly more attractive to potential buyers. However, the average WIP shows
only a 7.00% increase compared to the partial retrofitting scenario and a 13.50% increase
above the pre-retrofit entry price for both cases.

5.2. Evaluation of Cost Approach and Valuation Standards Benchmarks

Following the completion of the CVM analysis, the results are compared to those
derived from the cost approach, which determines market value based on the building’s
cost profile. This method is aligned with the International Valuation Standards [47]. More in
detail, the Lyon case study had a total cost in the deep retrofitting scenario of EUR 421,000,
which is reduced to EUR 171,000 for the average performance proposal. For the Bagnolo
in Piano case study, the costs were lower, at EUR 80,000 for the average retrofitting and
EUR 235,000 for the deep retrofitting. The cost breakdown presented in Table 3 serves
as a key input for the Cost Approach valuation method, which goes beyond simple cost
estimation. These costs were adjusted to reflect broader market factors, including the
building’s age, physical condition, and obsolescence. These adjustments ensure that the
final post-retrofit market value accurately reflects not only the costs but also the long-term
depreciation, local market conditions, and expected lifespan of the retrofitting measures.
This method aligns with the principles outlined in IVS and ensures that the resulting
valuation reflects both the investment in retrofitting and the overall financial impact on the
property’s market position.

Table 3 illustrates the cost of retrofitting the two selected buildings, and the impact of
these retrofits on the overall market value of the buildings. The cost differences between
the two case studies are related to their slightly different sizes, but also reflect regional
factors such as labor costs, material availability, and market conditions, which ultimately
influence the return on investment for deep retrofitting. The pre-retrofit, partial retrofit
and deep retrofit scenarios illustrate how energy-efficient upgrades progressively enhance
property value. In Lyon, with its higher baseline market value, the deep retrofit yields a
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greater return on investment compared to smaller towns like Bagnolo in Piano, where the
market dynamics and baseline property values are lower. Additionally, the total costs for
the building are determined using the Cost Approach and adjusted for market factors [58].

Table 3. Detailed cost evaluation for building retrofitting scenarios of case studies (the costs refer to
the industrialization phase of the different technologies developed in the HEART project, excluding
VAT and professional fees).

Lyon (FR) Bagnolo in Piano (IT)

Web-connected BEMS EUR 7000 EUR 7000
Modular facade thermal insulation EUR 96,000 EUR 55,000
Partial or total window substitution EUR 75,000 EUR 25,000
PV system with universal PV tiles EUR 25,000 EUR 12,000
MIMO power controller EUR 10,000 EUR 5000
Hydronic modular heat pump EUR 40,000 EUR 20,000
Hot/cold water storage tanks EUR 8000 EUR 5000
Battery pack EUR 10,000 EUR 6000
Smart fan-coils EUR 60,000 EUR 40,000
Installation and accessories EUR 90,000 EUR 60,000
Total costs EUR 421,000 EUR 235,000
Value (pre-retrofit) EUR 3,978,856 EUR 1,341,684
Value (partial retrofit) EUR 4,248,541 EUR 1,473,084
Value (deep retrofit) EUR 4,498,791 EUR 1,615,459

Table 4 highlights a higher WTP compared to the total market value calculated with
the Cost Approach, particularly in Lyon. This discrepancy arises because WTP reflects
consumer perceptions and preferences, which are shaped by factors such as market volatil-
ity, perceived energy savings, and future cost reductions. These are components of value
that cannot be directly quantified in traditional cost calculations. These results highlight
that the difference in value perception does not always correspond to actual cost increases,
mainly in high volatility periods, such as the most recent one. This could stimulate a deeper
reflection on how the market value perception is formed in the minds of respondents and,
more broadly, in target market customers.

Table 4. Unitary market value and willingness-to-pay comparison.

Bagnolo in

Lyon (FR) Pifno am
Unitary market value (March 2023) of pre-retrofit 2847 EUR/m? 1818 EUR/m?
scenario
Increase in WTP from pre-retrofit to partial retrofit 7.03% 6.99%
scenario 200.2 EUR/m? 127.1 EUR/m?
Increase in market value in the Cost Approach 6.78% 9.79%
from pre-retrofit to partial retrofit scenario 193 EUR/m? 178 EUR/m?
Market value in partial retrofit scenario (CVM) 3047 EUR/m? 1945 EUR /m?2
Market value in partial retrofit scenario (Cost Approach) 3040 EUR/m? 1996 EUR/m?
Increase in WTP from pre-retrofit to deep retrofitting 14.18% 14.47%
scenario 403.7 EUR/m? 263 EUR/m?
Increase in market value in the Cost Approach 13.07% 20.41%
pre-retrofit to deep retrofit scenario 372.1 EUR/m? 371 EUR/m?
Market value in partial retrofit scenario (CVM) 3251 EUR/m? 2.081 EUR/m?
Market value in partial retrofit scenario (Cost Approach)  3219.8 EUR/m? 2189 EUR/m?

The findings of this research are consistent with the guidelines on energy efficiency
valorization in the real estate market, as they suggest a similar method to the one employed
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in this study. This alignment with established guidelines further supports the soundness
and consistency of the research approach, ultimately strengthening the credibility of the
research findings [59].

In summary, the results presented align directly with the study’s objectives of evaluat-
ing the impact of energy retrofitting on the market value of residential buildings. The CVM
analysis revealed that participants exhibit a clear willingness-to-pay (WTP) premium for
deep retrofitting scenarios, with an average increase of 13.5% over pre-retrofit conditions.
This result indicates the significant perceived value of retrofitting investments, particularly
in regions with higher baseline property values, such as Lyon. The comparison between
CVM results and the Cost Approach underscores the economic viability of retrofitting,
with findings highlighting the combined impact of perceived market value and financial
investments. Local market conditions play a pivotal role, with deep retrofitting generating
stronger returns in regions with higher baseline property values. These findings provide
actionable insights for tailoring retrofitting strategies to regional contexts, addressing the
study’s aim of analyzing the impact on property value.

Assessing the payback period relative to these costs provides crucial insights into
the feasibility and potential returns of the investment. In both cases, the simple payback
period, considering only economic savings from increased efficiency, is slightly over 20
years. This can be considered a good result for a deep retrofit intervention, but is, in any
case, a rather long payback time for a private investor. However, including also the market
value uplift reported in Table 3, the payback time is essentially zero, as in both cases, this
uplift is higher than the investment required. However, it should be pointed out that the
previously assumed costs do not include technical expenses (e.g., permitting/design) and
VAT. Even with these additional costs factored in, the payback period remains under 5
years, making the investment highly attractive.

6. Discussion

The findings revealed that properties undergoing deep retrofitting attract significantly
higher buyer interest, with a 13.5% increase in willingness-to-pay (WTP) over pre-retrofit
conditions. This increased market value not only offsets a considerable portion of retrofit
investment costs but also highlights retrofitting’s dual benefit, i.e., energy savings and en-
hanced property value. These insights underscore the importance of designing retrofitting
strategies that align with regional market dynamics, particularly in areas with lower prop-
erty values where financial barriers may impede adoption.

In addition to the “green premium”, which describes increased market value for
energy-efficient properties, the study highlights the “brown discount”—properties that
fail to meet evolving energy standards, particularly in regions with strict regulations— are
likely to lose value over time. These buildings may become less attractive to both buyers
and renters, emphasizing the urgency of retrofitting. While retrofitting provides immediate
benefits in energy efficiency and comfort, technological advancements and changing market
conditions could affect the long-term value of these upgrades. Future research into the
durability of retrofitting improvements and their adaptability to market changes is essential.

The study also highlights distinctions between sales price premiums and rental pre-
miums. The “split incentive” issue, where landlords bear retrofitting costs but tenants
reap benefits like reduced utility bills, complicates decisions to invest in retrofitting. Ad-
ditionally, external market factors and consumer perceptions can create a gap between
actual investment costs and perceived value, particularly during volatile economic periods.
Further research is needed to refine valuation methods that capture these market behaviors
and perceptions more accurately.
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While this study relied on valuation-based methods and consumer perceptions, the
absence of actual transaction price data is a burden. Incorporating transaction data in
future studies would offer a more robust understanding of retrofitting’s market impact.
Demographic attributes (e.g., income levels and age distribution) and market-specific
regulations were also not fully analyzed in this study, but they may significantly influence
WTP and market value. Future research should consider these factors to provide a more
comprehensive understanding of how local dynamics shape retrofitting outcomes.

7. Conclusions

As energy efficiency becomes a critical concern in the European building market, this
study examined how retrofitting measures impact both the perceived and actual market
values of multi-family housing. Compared to new construction, retrofitting offers a cost-
effective and practical solution to managing energy needs at both urban and metropolitan
scales. However, significant gaps exist in the literature regarding the market impacts of
retrofitting, particularly for partial and deep retrofitting scenarios. This research aimed to
address these gaps by evaluating how different retrofitting strategies influence market val-
ues, using a combination of a cost-based valuation approach and the Contingent Valuation
Method (CVM). Two case studies in Lyon (France) and Bagnolo in Piano (Italy) provided
two representative contexts for this analysis.

The obtained findings highlight that deep retrofitting scenarios provide a 13.5% WTP
premium, representing a clear financial return on investment and greater market appeal,
particularly in regions with higher baseline property values, such as Lyon.

At a macroeconomic level, retrofitting supports economic growth through job cre-
ation, reduced energy dependency, and progress toward decarbonization goals. The dual
benefits of energy efficiency and increased market value can motivate stakeholders to
adopt retrofitting practices. However, the long-term effects of retrofitting on property value
and energy performance remain unexplored. Future longitudinal studies could assess
how sustained benefits evolve over time under varying market conditions. The study
also highlights the need for integrating complementary valuation methods, such as those
that consider consumer preferences and broader market dynamics, to better capture the
complexity of retrofitting’s economic and societal impacts. Additionally, the framework
presented here could be adapted to other regions with similar market conditions, offering
insights for scaling retrofitting strategies globally.

Despite its limitations, the outcome of this research provides actionable recommenda-
tions for policymakers and stakeholders. Policymakers can use these findings to design
incentives and regulations that promote retrofitting, particularly in regions with financial
barriers. Future research could explore strategies to amplify these benefits, encouraging the
widespread adoption of energy-efficient retrofitting practices across Europe and beyond.
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