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Abstract: The construction industry is the world’s largest consumer of energy and producer of
greenhouse gases. For this reason, there is a broad debate on how to make the built environment more
sustainable. Although the positive externalities of energy-efficient retrofitting and new construction
are known, the economic effects that green building has on the real estate sector in Italy are less
evident. The aim of this paper is to analyze the Italian real estate market to investigate if, and
to what extent, demand appreciates the supply of green real estate assets. The research focused
on the analysis of 55 development projects of office buildings (with and without environmental
certification) located in Milan, at present the most dynamic and flourishing real estate market in Italy.
Through these case studies the authors investigated the premium price that is generated in certified
real estate development projects. The results highlight a premium price, especially for high levels
of sustainability. Similarly, the rate of absorption of certified assets reflects a preference for green
properties, which are absorbed by the real estate market in less than half of the time foreseen for real
estate without an environmental certification.
Keywords: green buildings; sustainability; construction industry; LEED certification; real estate innovation

1. Introduction
The construction sector is the world’s largest consumer of energy and a producer of greenhouse
gases [1–3]. Recently, the Intergovernmental Panel on Climate Change—IPCC—has issued an alarm
in its special report, pointing out the urgent need to step up actions to combat global warming.
In this report, the IPCC calls on the most energy-intensive sectors including industry, transport, and
construction to reduce global carbon dioxide emissions by 45% by 2030 compared to 2010 levels, and
the zeroing of net emissions by 2050 [1].
According to the Triple Bottom Line (TBL) theory, to guarantee sustainable development of the
built environment it is necessary to consider three elements: economy, environment, and society.
Sustainability is at the heart of a process that evaluates not only the natural environment, but also
the economic and social aspects [4]. Renewal or new construction operations must therefore include
interventions that aim to achieve maximum environmental sustainability while ensuring the highest
economic value and greater well-being of individuals [5–8].
The aim of this paper is to analyze the real estate market to verify if, and to what extent, demand
appreciates supply of green real estate assets and to assess the eventual premium price that is generated
in sustainable real estate development projects. We focused our research in Milan, at present the
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most dynamic and flourishing Italian real estate market. To investigate the level of appreciation of
green buildings in Italy, it was decided to analyze the specific real estate segment of office buildings.
The hypothesis is the following: this segment has always been a forerunner of future trends in the real
estate industry because national and international players interact putting into evidence innovation
trends in the industry.
How is it possible to define a building as “green”? The environmental certification protocols were
created for this purpose, with the aim of defining criteria and methodology that evaluate their level of
sustainability. Such certifications offer to consumers and investors a basis for comparison between
alternatives investments or rents [9,10]. A score is assigned based on the achievement of certain
objectives of excellence in comparison with standard performance. Unfortunately, at present, there is
not a global rating system able to measure the level of sustainability in buildings, but each country
uses its own protocol of certification with the consequence that comparing buildings rated through
different certification may determine different levels of sustainability [11]. Generally, environmental
certifications aim to reduce the level of information asymmetry between the construction sector and
buildings owners and users [12].
The paper is divided into five sections. In the first we present the main general issues concerning
sustainability and market values. In the second, using data from CBRE [13] and Green Business
Certification Italy (GBCI) [14], we focused on the analysis of 55 recent real estate development projects.
A large fraction of these green buildings has been awarded with the LEED certification while some
of them were not. The third part analyzes the data of the sample by means of multivariate statistics.
The fourth part interprets the results, while in the fifth part we present the conclusions.
2. The Development of Green Buildings in Italy and in the World
A long-term approach to preserve the environment can be pursued by making buildings more
sustainable. European Union, through the Energy Performance of Buildings Directive 2002/91/EC,
requires the energy consumption of each building to be specified through different levels of energy
sustainability, although there is no obligation to make more “green” existing buildings. On the
contrary, the European Directive 2018/844/UE regulates that buildings constructed from the end of
2020 must have high standards of reduction of energy consumption and must be primarily powered
by renewable sources.
Environmental certification protocols have been developed to overcome information asymmetries
to provide reliable and internationally valid label concerning buildings sustainability. Simple
and affordable information is then provided to investors and tenants with all its sustainability
characteristics [10,11].
There are various environmental certifications of buildings around the world. In the USA, the
most widespread type of certification is Leadership in Energy and Environmental Design (LEED):
it was adopted by firms to homogeneously assess their real estate portfolio and it has become the
most used certification protocol worldwide. Australia adopted the Green Star System and Japan the
Comprehensive Assessment System for Building Environmental Efficiency (CASBEE). In Canada there
is the Green Globe System. In Europe, several certification protocols compete: in UK and in Netherlands
Building Research Establishment Environmental Assessment Method (BREEAM) was widely adopted,
Deutsche Gesellschaft Nachhaltiges Bauen (DGNB) is dominant in Germany, France implemented
Haute Qualité Environmentale (HQE) and in Switzerland Minergie is a important standard.
In Italy, in addition to LEED and BREEAM certifications, adopted in particular for office and
commercial buildings, other protocols are employed for residential buildings. CasaClima and SBTool
protocols are widely used for residential developments while for social housing projects the Protocollo
per la Trasparenza l’Aggiornamento e la Certificazione degli Appalti (ITACA) is the most common
standard. Moreover, for properties for sale, it is mandatory to present an energy certificate attesting
the average energy consumption associated with a synthetic level of quality performance [11].
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For the purpose of this research, we decided to investigate LEED-certified buildings, which
represent the most widespread type of green certified buildings in Italy. LEED building’s energy and
environmental certification system was developed by the U.S. Green Building Council (USGBC) in the
1990s. It is a tool for measuring the level of sustainability of buildings, neighborhoods, and cities in the
design, construction, and management phases. LEED is a voluntary, market-oriented tool based on
the consensus of the USGBC community. LEED certification proposes a measurement system (rating)
applicable to buildings with different uses, both for existing and new assets. This is based on principles
commonly recognized and accepted by the national scientific community [10,15,16].
The LEED certification system is now adopted in 164 countries around the world with a significant
presence in Italy, which can now count 544 buildings among the LEED certificates or those waiting to
complete the procedure for more than 13.9 million square meters. In Italy, the level of sustainability
achieved by the certification is high: the most used is the Gold, which records more than half of the
existing buildings (56%). This is followed by Platinum (19%), while the lowest levels of certification
reach low percentages (Certified 13% of buildings and Silver 12%). The types of real estate projects are
concentrated on new constructions: 72% of certified buildings belong to the category “building design
and construction”, 11% concern retrofit operations on existing buildings while 17% certify “interior
design and construction” interventions.
Based on the expectations that real estate markets and direct users have of a sustainable building,
there is a great deal of empirical research that aims to verify how, and to what extent, environmental
certification affects real estate values [15–18].
In particular, from an economic point of view, in the literature, the theme of sustainability in the
built environment can be summarized in four macro-themes [17–21]. The first concerns the nature
of investments in sustainable real estate development operations. For years, scientific research has
aimed to assess whether, and to what extent, investments are repaid with the costs of potential energy
savings [22–24].
Secondly, short- and medium-term benefits are investigated from the point of view of property
occupants, such as savings on energy bill costs or possible tax breaks by governments [25–29]. Thirdly,
from the point of view of developers and investors, possible benefits are investigated in relation to the
increase in real estate value and the increase in rents, verifying whether these benefits can balance the
higher costs of the interventions [28–31].
The fourth and last point, finally, aims to investigate the issue of the psycho-physical well-being
of the occupants of sustainable buildings to verify the increase in well-being and productivity of
workers [32–35].
Regarding the evaluation of the premium price of green buildings, which is one of the objectives of
this research, Table 1 summarizes the results of various scientific studies that emerged from interviews
(revealing the perception of relevant stakeholder) or empirical studies—in many countries that have
led to different results. In Italy, despite that the sustainable construction is constantly increasing, an
empirical research about the premium price of green buildings has not yet been carried out.
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Table 1. Summary of investigations in the international literature about the premium price—for rent and market value—in green buildings.
Increased Market Value (%)

Rental Premium (%)

Type of Certificate

Data Origin

References

Country

Average: 10.90
Average: 6.80
LEED: 9.94; Energy Star: 5.76
LEED: 16
LEED: 35; Energy Star: 31

Average: 6.10
Average: 1.00
Average: 8.93
LEED: 3; Energy Star: 5
LEED: 6; Energy Star: 5
LEED: 17.30; Energy Star: 8.62

LEED
LEED
Energy Star
Energy Star
LEED-Energy Star
Energy Star
LEED-Energy Star
BREEAM
BREEAM

Perception
Perception
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Empirical data
Perception

[5]
[28]
[29]
[29]
[29]
[23]
[36]
[37]
[37]
[37]
[38]
[39]
[7]
[40]
[41]
[42]
[11]

USA
USA
USA
USA
USA
USA
USA
Germany
Germany
Switzerland
UK
UK
UK
Ireland
Netherlands
Denmark
Italy

LEED: 9; Energy Star: 9

Minimum: 6.60; maximum: 15.90
Relative to D-labelled houses: A/B: 5; C: 1.7; E: −0.7; F: −0.9; G: −6.8
Average: 28
Average: 10
Relative to D-labelled houses: A: 9.3; B: 5.2; C: 1.7; E: 0; F/G: −10
Relative to D-labelled houses: A: 10.2; B: 5.5; C: 2.1; E: −0.5; F: −2.3; G: −4.8
Relative to D-labelled houses: A/B: 6.4; C: 6; E: −0.7; F: −12.3; G: −19.4
Average: 10%

Minimum: 4.71; maximum: 13.60
Minimum: 3.97; maximum: 15.17
Minimum: 0.41; maximum: 5.87

Average: 6
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3. The Market Investigated: Real Estate for Management Use in Milan
In contrast to scientific research found in literature that analyzes a large dataset and provides a
premium price nationwide, in Italy it is very difficult to have access to data on real estate transactions.
Therefore, we have chosen to analyze a city that could be significant at the national level and could
provide general real estate market trend.
The research was carried out in the city of Milan, the largest economic center in Italy and the
most attractive location for international investors. According to CBRE, the stock of office buildings in
Milan is made up of 12,000,000 square meters. Of these, in the last 12 months, the real estate market
has absorbed 351,939 square meters while about 10% (1.39 million square meters) is still waiting to
be occupied. Most of these investments were concentrated in some specific areas. Focusing on the
attractive locations for national and international investors, green new construction and renovation
projects were examined in Porta Nuova and in the Central Business District (CBD).
Regarding the districts we examined, despite the crisis that hit the real estate sector from 2008,
office properties showed signs of a countertrend. Market values of new (or in an excellent state of
preservation) offices increased by 36% for the CBD area and by 110% for the Porta Nuova district,
as shown in Table 2.
Table 2. The real estate market of properties for use in the tertiary sector in the CBD and Porta Nuova
areas in Milan.

Neighborhood

CBD
Porta Nuova

Year

Minimum
Real Estate
Market Value

Maximum
Real Estate
Market Value

Average
Market
Value

2018
2008
2018
2008

6.700
4.900
6.500
2.800

9.200
6.800
8.000
4.100

7.950
5.850
7.250
3.450

Percentage of Increase
Compared to the
Average Value
+36%
+110%

Source: Agenzia delle Entrate.

The greatest contribution of Milan real estate developments has been concentrated in the two
districts we examined. In particular, they host 458,323 square meters or 33% of the total amount
of square meters developed in the city. Real estate developments can be divided in new buildings
(132,672 square meters, 29% of the total) and in renovation projects, (325,651 square meters, 71% of the
two districts).
Descriptive statistics of the 55 transactions of the sample are provided. Almost two thirds (64%)
of the transactions took place in the CBD area (35 cases) while 36% of the other transactions took place
in the district of Porta Nuova (20 cases). Real estate developments reflect a general trend we found
in Milan: 74% of the transactions concern refurbishments while 26% are new constructions. The size
of the leased properties varies within the sample. Roughly a third (35%) of the assets (18 cases) have
a surface area between 2000 and 5000 square meters while the upper size classes (between 5000 and
9999 square meters and between 10,000 and 24,999 square meters) are just over half of the sample.
Finally, 10% of the sample refers to surfaces of more than 25,000 square meters, as shown in Figure 1.
Properties of the sample hit the market over a period of time from 2009 to the present day.
A fraction of the sample (7 properties) is still under development and is expected to be put on the
market by 2020. The mode and the median of this sample coincide and are located at the center of the
time period under examination (2014), as shown in Figure 2.
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research is the result of an in-depth analysis of a fraction of the dataset of which absorption time was
known. Regarding the first step, multiple regression analysis was carried out. Real estate market
values can be considered as a function of the prices of their characteristics. Regression models
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Table 3. Results of the regression analysis.
Summary
R-squared
Adjusted R2
Standard deviation
Observations
Variance analysis

0.183168
0.151751
59.30195
55
DF
3
52
54

Sum of squares
41,035.90
182,859.53
223,878.44

Mean square
20,503.5
3515.7

Evaluation
412.95182
44.020393
15.285029

ST. Error
12.9596
18.52337
7.012145

T ratio
31.94
2.85
2.18

Model
Error
C.total
Parameters evaluation
Intercept
Submarket
Type of certification

F ratio
5.8303
Prob > F
0.0552

<0.0001
0.0107
0.0338

The two hedonic prices—relating to the location of buildings and the type of LEED certification
—define the market value of these two variables. LEED certification rewards properties according
to their performance: the premium price for the position in the traditional CBD amounts to
44 Euro/sqm/year, while the hedonic price related to the type of certification amounts to
15 Euro/sqm/year (see Table 4 and Figure 5). The model shows that the increase in the hedonic
price related to the building’s environmental quality amounts to 3.69% for each step of the LEED
certification. The Silver level does not prove to be statistically significant because of the limited amount
of transactions. With a Gold certification, the market value increase amounts to 7.38%, while the
Platinum level determines an increase of 11.08%.
The regression analysis shows a statistically significant premium price for the location of the
assets and for the type of certification. In particular, location in the CBD area implies a premium price
estimated in 11% compared to the average. With respect to LEED certification, the market considers the
Gold certification—with a premium of 7.4%—and the Platinum one with a further positive variation
of more than 11%, as shown in the following table.
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The regression analysis shows a statistically significant premium price for the location of the
assets and for the type of certification. In particular, location in the CBD area implies a premium price
estimated in 11% compared to the average. With respect to LEED certification, the market considers
the Gold certification—with a premium of 7.4%—and the Platinum one with a further positive
variation of more than 11%, as shown in the following table.
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Table 4. Implied marginal prices based on positional quality and certification level.
Market Rent

Neighborhood

Price (+44 Euro)

CBD +11%

458

Porta Nuova +0%

414

414

Type of Certificate

Price +15 Euro

None 0%
Gold +7.38%
Platinum +11.08%
None 0%
Gold +7.38%
Platinum +11.08%

458
488
503
414
444
459

The second part of the survey refers to a subsample of the transactions whose absorption times
are known. Twenty-five transactions were examined. The descriptive statistics of this subset are
consistent with those of to the complete dataset. In particular, 56% of the case studies are in the CBD
area while the remainder are located near Porta Nuova. The 84% of the cases are renovation projects
while 16% are new constructions. The average surface area is 8232 sqm, with a total analyzed surface
area of 205,804 square meters, dived as follows: 134,438 sqm of LEED buildings and 71,366 sqm of
non-certified buildings. The projects’ year of completion starts in 2009. The average and the median
coincide in 2014. 15 transactions refer to LEED-certified buildings (nine Gold and six Platinum).
Data concerning this subsample allowed to investigate the absorption times of each building.
The rentals recorded on a quarterly basis up to 30 months were examined and the actual leased surface
area was measured. The analysis of relative and absolute frequencies revealed a clear preference for
certified buildings. As shown in Figures 6 and 7, the 51%, of the surface area of certified buildings is
already pre-let. Within six months of the completion of the intervention, the leased areas amount about
to 80% of the available supply. After two and a half years from the placing on the market, the vacancy
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Figure 6. Analysis of the absolute frequencies of absorption times in LEED-certified buildings.
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that more than 20 buildings of the sample have Gold certification compared to only three buildings
certified Silver.
Second, there is a significant premium price for properties certified at the highest levels (Gold and
Platinum) with price differentials of 7% and 11% respectively. These percentages are in line with studies
emerging from other research, as shown in Table 1. The variation of the results emerged depends on
the use of a different sample, located in different places with various characteristics and on the use
of different methods of analysis. The common result is that green buildings benefit of a significant
increase in market value and provide benefits to the community and to the environment [10,11,38].
Third, a more in-depth investigation of certified asset absorption rates reflects market preferences
for certified properties. Absorption rates are four times higher for the pre-let segment. Within six
months the percentage leased is 80% for certified properties and 21% for non-certified properties.
Both elements contribute to guarantee higher financial performance of certified green investments
due to the increase in revenue values and their more economically favorable timing. Faster absorption
times and a higher premium price compared to non-certified buildings can positively influence the
internal rate of return of the development investments. In recent years, green buildings have become a
dominant part of the tertiary supply. Real estate values and rents reflect this trend, showing that the
particular appreciation of the market for LEED-certified buildings is a structural aspect of this specific
segment of the market. This has significant implications for investors, developers, and government
policies [36–44].
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Non-certified office buildings are likely to suffer a market downturn. Research results have
shown that developers attribute lower premium risk to more sustainable buildings. Increased market
awareness of climate change and rising energy costs can only increase the market attractiveness of
green buildings. The research also highlights the potential of policies that provide incentives for
green buildings as they increase the value of buildings and at the same can influence buildings energy
efficiency and their environmental impact [11].
6. Conclusions
In the broad area of research concerning a more sustainable built environment, it seems of the
utmost importance that demand considers green buildings as a valuable solution, so transforming
a potential constraint into a business opportunity. For this reason, we decided to test whether,
and to what extent, green buildings could achieve a higher price and an overall superior economic
performance than traditional real estate supply. The dataset concerned the real estate market of Milan,
the leading market of the industry in Italy and the location in which the interaction between national
and international investors provides the best evidence concerning future trends.
The investigation carried out confirms the results of empirical research in other countries,
suggesting that sustainability will become a significant value driver in the future. The premium
price of the LEED certified buildings is statistically significant and appears to be higher as the level of
certification increases. Similarly, the rate of absorption of certified assets reflects a significant preference
for green properties. Both aspects investigated contribute to define higher financial performance of
green investments due to the combined effect of the increase in revenue values and their more favorable
temporal articulation.
Future researches may concern more precisely the variation of the IRR related to sustainable and
green real estate developments, putting into evidence to what extent additional financial value can
be obtained by a green strategy. Furthermore, it seems very relevant to verify if the importance of
sustainability in the real estate market remains the prerogative of a limited fraction of the market
itself or expands into other geographical areas and other market segments. Finally, it appears to be
important to understand if traditional supply, in specific segments or in the overall market, is going to
be downgraded by the market accelerating the transition of the real estate industry into a new phase
in which sustainability is a common and widespread driver of value.
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