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RESUMEN
Dentro de los compromisos de la Agenda 2030, destacan los objetivos socioeconémicos para un
desarrollo sostenible del conjunto de la sociedad, que plantean minimizar el impacto producido por la
Administracién Publica sobre el medio ambiente en todas sus actividades. Por ello, la creaciéon y reforma
de sus infraestructuras, necesarias para su funcionamiento y los servicios que presta, supone un gran
impacto. El objetivo del presente trabajo se centra en una adaptacién metodolégica para evaluacion
ambiental de las obras promovidas por entes publicos, cuantificando y localizando los focos de impacto
para poder tomar las medidas que los minimicen. Para ello, se proponen como indicadores la familia de
las huellas, ecolégica, de carbono e hidrica, caracterizadas por la simpleza del mensaje y la facilidad para
implantarse en el sector de la construccion, a través del control de costes de los proyectos. En concreto,
se presenta un estudio de caso, la construccion de un centro de educacién infantil en la ciudad de
Madrid, para cuyo anélisis se exponen y analizan los datos necesarios. Los resultados reflejan informacion
interesante, en términos de huellas, sobre los elementos que deben ser controlados y mejorados en el
disefio del proyecto, tales como el hormigén y acero.

Palabras clave
Ingenieria de la construccién, impacto ambiental, indicadores ambientales.

ABSTRACT
Within the commitments of the 2030 Agenda, the socio-economic objectives for a sustainable development
of society as a whole, stand out, which propose minimizing the impact produced by all the activities of
the Public Administration on the environment. Therefore, the creation and retrofitting of its infrastructures,
needed for its operation and the services it provides, has a great impact. The goal of this work focuses on a
methodological adaptation for the environmental evaluation of the works promoted by public organizations,
quantifying and locating the sources of impact with the purpose of taking the measures to minimize them.
For this, the footprint family, ecological, carbon, and water, are proposed as indicators, characterized by the
simplicity of their message and the ease of their implementation in the construction sector, by controlling
project costs. A case study is presented, the construction of an early childhood education center in the city
of Madrid, for which the data needed for the calculation are presented and analyzed. The results reflect
interesting information in terms of footprints, on the elements that must be controlled and improved in the
project design, such as concrete and steel.
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Construction engineering, Environmental impact, Environmental indicators.
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INTRODUCTION

Within the guidelines outlined by the 2030 Agenda
for the Sustainable Development of Spanish
society, objectives are established on developing
sustainable infrastructures and reducing their
impact, as well as guiding business and public
activity towards a reduction of greenhouse gas
emissions. Among Public Administration activities,
the construction of new buildings or retrofitting
of existing ones, assume an impact that needs to
be quantified to be able to implement measures
to minimize this and, at the same time, help in
decision making. It has been determined that
the construction sector, in its production aspect,
accounts for 40% of the consumption of all natural
resources, as well as 30% of the energy consumed,
while producing more than 30% of the greenhouse
gases emitted (Fundacion General de la Universidad
Complutense de Madrid, 2010). When considering
that public works procurement activities in 2019,
represented up to 23% of the total amount paid
out by the Spanish General State Administration
(National Commission of Markets and Competition,
2019), an amount of nearly 1 billion euros, or 5% of
the country’s GDP, it is possible to provide an idea
of the relevant impact of the construction sector on
production activities.

The need of defining indicators, whose applications
are quick, and whose interpretations are simple,
make the Carbon (CF), ecological (EF), and water
(WF) footprints, valuable tools to evaluate the impact
of the construction process (Zhang, Dzakpasu, Chen
& Wang, 2017). They are also successful because
the results they produce are understandable for the
non-scientific society, and because of their ease of
application in decision-making (Bare, Hofstetter,
Pennington & Udo de Haes, 2000) and policy.
Together, these are called the “footprint family”
(Vanham et al.,, 2019). Footprints are ideal as
environmental indicators within public procurement
(Kairies, Mufioz & Martinez, 2021) and legislative
development on sustainability, despite the need for
progress in the standardization of their use (Laurent
& Owsianiak, 2017).

First of all, CF as the most widely used, measures the
total amount of greenhouse gas (GHG) emissions
and is expressed in units of mass of CO, equivalent.
There are many bibliographic reviews related
to using the CF indicator in construction (Geng,
Mansouri & Aktas, 2017). However, the results are
not always comparable, due to the absence of a
methodology that follows international standards
(Dossche, Boel & De Corte 2017). For this reason,

studies have also been made in recent years to
establish scales that allow defining reasonable
ranges of CO, emissions in construction processes
(Chartas, Theodosiou, Kontoleon & Bikas, 2018).

Second, water consumption stands out. Here the
WF indicator measures the volume of water used,
both directly (water consumed from the network),
as well as indirectly, also known as Virtual Water
(VW). The concept was formulated by Allan (1993)
as an indicator of the freshwater consumed in
any production process. Although still in crisis
(Veldzquez, Madrid & Beltran, 2011; Beltran &
Veldzquez, 2015), the concept has been greatly
developed and is useful to achieve better water
management associated to buildings. However,
few building studies use this indicator. VW in
construction is defined as the volume of fresh water
consumed to produce building materials from their
origin to the factory door. Among the studies, ones
from Australia on the tertiary sector that focus on
VW consumption during the construction stage
compared to the rest of the Building Life Cycle
(BLC) stand out (McCormack, Treloar, Palmowski &
Crawford, 2007). Crawford and Pullen (2011) also
analyzed water in residential BLC over a period
of 50 years and concluded that VW in building
materials is higher than the direct consumption
of homes, showing that water policies should also
include virtual consumption. Férriz Papi (2012)
made a study on the water consumption used by
building materials throughout their life cycle and
obtained similar statistical results, during 3 years in
200 projects in Catalonia.

The third indicator in the footprint family is EF, which
is conceived as the area of land needed to supply
resources (cereals, fodder, firewood, fish and urban
land) and to absorb emissions (CO,) of the society. It
measures the productive land area in global hectares
(gha). In recent years, some research has confirmed
the suitability of the indicator to analyze the
environmental impact of buildings. Regarding the
building life cycle, the works of Gonzélez, Marrero
and Solis (2015), which develop a quantification
methodology for building construction, stand out.
Martinez-Rocamora, Solis-Guzman and Marrero
(2016b), for their part, have designed a method to
calculate the economic costs and environmental
impact during use and maintenance, yielding data
in terms of EF. Alba-Rodriguez (2016) proposes the
development of a methodology to get to know the
environmental viability of the building retrofitting
versus their demolition. Freire, Alba and Marrero
(2019) determine the EF of elements that are
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Figure 1. (a) BCCA pricing structure. (b) Application of general methodology to unit costs/prices. Embodied energy (EE) is an intermediate impact
which is also calculated. Source: (a) Prepared using Marrero et al., 2020. (b) (Rivero, 2020, p. 39).
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part of traditional construction costs and, finally,
Rivero (2020) verifies all the stages of the BLC of
residential constructions from a new perspective of
“environmental budget”.

Currently, the Spanish public administration is
committed to minimizing the impact of its activities
on the environment. This is reinforced by public
policies from the European Union for public
procurement, which urge that contract awards be
made based on a plurality of economic, qualitative
and social criteria, giving great relevance to
environmental aspects (Public Sector Contracts Law,
2017). As a result, it is necessary to bring project
budgets in line with this type of environmental
impact assessment methodologies, so that
these are adapted to the singularities of public
infrastructures. From this perspective, and following
the line of the environmental budget, the impact of
the construction of a building of the tertiary sector,
specifically, a nursery school in Madrid, Spain,
is evaluated here. Its global analysis is based on
the three footprints presented: carbon, water and
ecological.

METHODOLOGY

To achieve the goal set out, the economic works
budget is looked at which, considering the
cost structure established by the Law on Public
Sector Contracts, and its development regulation
(Regulation of the Law on Public Sector Contracts,
2001), this is broken down into Basic (BP), Auxiliary
(AP) and Unit (UP) Prices, which are assigned to the
direct and indirect costs of each unit of work. Figure
1a shows the pyramidal classification of this cost/
price structure in the particular case of its application
in the Andalusian Construction Cost Bank (Marrero
& Ramirez de Arellano, 2010). Subsequently, with
the measurement of work unit prices or UP, the
amount of each one is obtained and, together, the
total budget of the work.

The determination of the different indicators,
EF, CF and WF (Figure 1-b) is done following
the methodology defined by Freire and Marrero
(2015a). The impact of materials and machinery is
calculated by converting the unit of measurement of
the budget to kg. The impacts per kg are obtained
from the life cycle analysis database, Ecoinvent LCA
(Ecoinvent Center, 2013), which is known as being
one of the most complete databases at a European
level (Martinez-Rocamora et al., 2016a), and its
integration is done using Simapro LCA software
(PRé Sustainability, 2016). The work is similar to that
carried out for the CF calculation with the SOFIAS
tool, which uses data from the environmental
declarations of products, OpenDAP, or the BEDEC

platform, developed by the Catalonia Institute
of Construction Technology [ITeC, in Spanish]
(ITeC, 2013). Figure 1-b schematically shows the
integration of footprints into construction budgets
for the particular case of the Andalusian Bank of
Construction Costs (BCCA) (Marrero & Ramirez de
Arellano, 2010). The formulation is summarized
in Table 1 for EF, and Table 3 for CF and WF.
The methodology, which is organized into three
levels (input data, impacts and footprints), allows
obtaining, from the general works data and the
economic data of the budget, the environmental
impact of the project. This study evaluates, within
the life cycle, the construction stage that includes
what is consumed in the works, so that the contours
of the impacts correspond to the measurement
criteria in the budget.

On-site machinery is calculated based on engine
power and hours of use on-site, while the energy
consumed in kWh that will be converted into
CO, emissions is determined (Freire & Marrero,
2015a). Construction and Demolition Waste (C&D)
of the transport machinery is also included in the
calculation. This part of the construction budget is
included, in an independent chapter, as established
by RD 105/2008 (Marrero & Ramirez de Arellano,
2010) which regulates C&D management in Spain.

In the particular case of the impact of labor, which
is only calculated in the EF indicator, the food
consumed as the worker's source of energy is
determined (Table 2). A typical menu for an adult
consisting of meat, fish, cereals and water is used
as its basis (Grunewald, Galli, Katsunori, Halle &
Gressot, 2015), and the relative EF is determined
in: pastures, sea and crops. The EF of the workforce
also includes their Municipal Solid Waste (MSW),
which corresponds to the average generated by
each worker, and its corresponding emission factors.

EF also takes into account the impact related
to the area of land occupied, which will not be
agriculturally productive, and the water consumed
in the execution. All impacts are assigned a
partial EF in different categories of the indicator
(sea, pastures, crops, soil) to, ultimately, through
conversion factors, obtain the global footprint in an
equivalent area.

In the direct consumption of water and energy in
the works themselves, the value of consumption
in cubic meters of water has been empirically
established according to the built area (Gonzélez
et al.,, 2015), where the transformation into CO,
emissions applies, through the energy in kWh
needed to obtain one cubic meter of water. Similarly,
the electricity consumed is determined (Freire and
Marrero, 2015b).
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ECOLOGICAL FOOTPRINT equation n°

Workforce

EF...o: EF produced by food consumption (gha)
EF.on. = (Hyoe 7Hy) X (PC/100) x (EF /365) ‘ 1
H : Number of hours worked (h)

WOQRK"

H. : Number of hours worked per day (8h/day/person)

PC: Percentage that represents the breakfast and lunch of worker's food (60%)

EF : Food consumption footprint in EF category i (gha/person) (Table 2)

365: days in a year

EF,oy: EF produced by municipal solid waste (gha)
Hyom X R X By X 0.72)/A) x EF, | 2

EFMC.W = ( WOQRK MSW. MSW

Ry Quantity of MSW produced per working hour (0.000077 t/h per person) (EUROSTAT 2015);
E s €mission factor by waste (0.244 t CO,/ tMSW) (Almasi & Milios, 2013)

MSW*
0.72: CO, absorbed by forests. Remaining 28% = ocean absorption(Borucke et al., 2013)
A, forest absorption factor (3.59 t CO,/ha)

EF_: forest equivalence factor (gha/ha)

Materials
EF,,. EF of Building materials (ha)
EF,.= (Z.Cm. x E ) x0.72)/A) x EF_+ EF__,, xCm 3

Cm.: Consumption of material i (kg)

MAT) TRAN

emissions by material (kg CO_/kg material)

EMAT'

EF_.,.: ecological footprint of transport of building materials (ha/kg)

TRAN"®

Machinery

V: fuel consumption (liters) (50)
V = (Pow x TU x Perf) 4

Pow: electric machinery motor power (kW)

TU: time used according to measurements (hours)

Perf: fuel consumed by the engine whether diesel or gasoline (I / kWh)

EF s EF of (fossil) fuel consumption of machinery (gha)
EF .= (VX E..x0.72/A) x EF, 5

COMB

Eoms fuel emission factor (kg CO,/liter).

Spanish data: 2.616 kg CO,/ | (IDAE, 2011);

EF.,..: EF of machinery electricity consumption (gha)
x 0.72)/A) x EF, 6

EF. .= (Powx TU) x E

ELEC

E energy mix emission factor (kg CO,/kWh).

ELECT

Spanish data: 0.248 kg CO,/ kWh (REE, 2014).

Water consumed

waren: EF of water consumed (gha)

EF

EF uzee = (C X Elypree X Eyuree X 0.72)/A) x EF, 7
C: consumption (m?)
El : water energy intensity (0.44 kWh/m?3) (EMASESA, 2005)

WATER"

E : electricity emission factor (0.000248 kg CO./kWh) (REE, 2014)

WATER®

Area consumed
EF_,: EF of area consumed (gha)

.= SXFE 8
S: direct occupation area (ha)

FEX: built area equivalence factor (gha/ha).

Table 1. Formulation of the EF model. Source: Preparation by the Authors.
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Crops Pastures Sea Fossil

(103 gha) (103 gha) (10° gha) (10° gha)
1,45 0,27 0,41 0,49

Table 2. EF of the daily food consumption per year and person in Spain. Source: Gonzélez Vallejo (2017, p. 270).

CARBON FOOTPRINT

Materials
CF, . CF of Building materials (tCO_eq)
CFMAT = (x me X XMAT) + (CFTRAN X Cm.) ‘ 9

Cm_: consumption of material i (kg)

E,uur €missions by material (tCO_eq/kg of material)

HC o carbon footprint of the transport of building materials (tCO.eq / kg)

Machinery

V: fuel consumption (liters)
V = (Pow x TU x Perf) 10

Pow: electric machinery motor power (kW)

TU: time used according to measurements (hours)

Perf: fuel consumed by the engine whether diesel or gasoline (I/kWh)

CF et CF (fossil) fuel consumption of machinery (tCO,eq)
CF o=V XE

CQMB CQOMB 1 1

E coms fuel emission factor (tCO,eq/liters).

Data: 2.616 kg CO,/ | (IDAE, 2011);

CF,,..: CF of machinery electricity consumption (tCO_eq)
CF....= (Pow x TU) X E,,.. | 12

ELEC —

E¢.cc energy mix emission factor (kg CO,/kWh).
Data: 0.248 kg CO,/ kWh (REE, 2014).

WATER FOOTPRINT

Building materials
WFma: Partial water footprint of material consumption (m?)

Wqu = z(cmai . Vwmu,-) 13

C__: Material consumption i (kg)
VW.__: Virtual water of material i (m3/kg)
WE, : Partial footprint of material transportation (m?)

Wy =S & Dy T - VW
"_Z(Tcap : ma)' con * f 14

W__: Weight of consumption of material i (t)
T _: Transport capacity (t)
D__: Average transport distance (km)

T__: Transport fuel consumption (/100 km)
VW,: Virtual water factor of the fuel (m%/liter)
Machinery
WE _: Partial water footprint of machinery (m?)

WFe =) (Hne, - Cr,- VW) 15

H_ . Hours of use of machinery i (h)
C,: Consumption factor of machinery i (I/h or kW)
E.: Virtual water factor of fuel used by machinery i (m3/I or m3/kWh)

Table 3. Formulation of CF and WF models. Source: Preparation by the Authors.
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Figure 2. a) Main elevation and sides of the nursery school in El Goloso. (b) Real photo. Source: a) Taken from Barbero (2018, p. 352). (b) Made using

Google maps.

CASE STUDY

Spain has 34,168 non-university educational centers,
according to the State Register of Non-University
Teaching Centers of the Ministry of Education,
Culture and Sport. Of these, most are public (65.9%).
Therefore, as a representative public building, for
the case study, the impact of the construction of a
nursery school in El Goloso, Madrid is calculated. The
building has two floors, a total built area of 874.72m?,
and is fully equipped to accommodate 84 children.
A building has been chosen with the most frequent
constructive solutions of current public buildings in
Spain, and considers a wide variety of different work
items to house different staff and student numbers
along with facilities. It consists of classrooms, toilets,
kitchen, nurse’s station, and administration. Its floor
plan is built in a U, around the partially covered
playground, and its access is through the main facade
(Figure 2). Its budget is €1,834,831.14 and it has been

built over a 12-month period.

Constructively, it is supported on reinforced concrete
slab foundations, with a suspended floor structure on
the ground floor, and a reinforced concrete upper slab,
the latter supported on reinforced concrete pillars.
The main enclosure is characterized by its ventilated
facade finished in lacquered aluminum panels and rock
wool insulation, while the side and rear facades have

a double brickwork enclosure, coated with a white
finish one coat mortar. The interior partitions are made
using a laminated drywall system and removable false
ceilings. The building’s roof is flat and landscaped,
and the playground has a green wall and rubber
flooring adapted for children. The interior carpentry
is made of wood and the exterior of aluminum, with
thermal bridges and double glazing. The interior
finishes are linoleum floors, except in the kitchen and
toilets, which are non-slip stoneware. Regarding the
fittings, the building has the basic sanitation, water,
electricity, air conditioning, communications and fire
protection elements. As for the urbanization, the
paving and walkways connecting the general facilities
and surrounding roads are partly replaced.

RESULTS AND DISCUSSION

The first step consists in obtaining, from life cycle
analysis databases, the impact by building material
families (Table 4). These data apply to the quantities
of project units included in the budget.

The project obtained a total EF of 361.6 global hectares/
year (Table 5), where activities related to masonry
work correspond to 17.3% of the total, the highest
EF, followed by the foundation and the structure, with
14.4% and 14.0%, respectively. The total weight of the
building materials is 1,986,086.61 kg, which represents

HS
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MATERIAL WF (m3/t) EF (hag/t) CF (t CO, eq. /1)
Soil 0 0,005 0,004
Wood 2,62 -0,483 -0,990
Concrete 1,68 0,057 0,112
Asphalt 3,0 0,098 0,21
Ceramics 1,0 0,107 0,22
Aggregates and stones 1,2 0,005 0,004
Metals 81 0,907 2,01
Plastics 456 0,898 1,97
Glass 17 0,30 0,669
Mortar and plaster 67 0,294 0,610
Table 4. Footprints of material families per ton. Source: Preparation by the Authors.
Project sections EF (gha) CF (tCO2eq) WF (m3)
CO01.: Demolitions 22,747 53,426 685,630
CO02.: Land preparation 23,270 57,177 705,403
C03.: Foundation 52,062 122,665 2,012,721
CO04.: Sanitation 7,056 17.153 301,713
CO05.: Structure 50,776 116,693 1,904,439
C06.: Masonry 62,697 138,381 2,107,457
CO07.: Roof 13,188 26.854 723,513
C08. 1: Air-conditioning and ventilation 5,812 11.913 387,321
C08. 2: Electrical fittings 4,988 15.967 176,894
C08. 3: Water fittings (supply and sewer) 13,206 26.404 190,653
C08. 4: Hot water production fittings 9,524 23.723 759,060
C08. 5: Accessibility fittings 14,628 32.875 297,379
C09. Insulation 3,133 8.874 148,149
C10. Coating 30,980 66,404 1,783,008
C11. Carpentry, security and protection 7,866 16,487 380,069
C12. Glazing 3,719 8,292 250,583
C13. Paint 6,671 10,516 268,751
C15. Urbanization 29,263 64,923 949,244
TOTAL 361,586 818,728 14,031,988

Table 5. Results obtained by project sections.Source: Authors * elaboration.

an impact of 2,270.54 kg/m?. While the built area
generates 95,136.07 kg of C&D or 108.76 kg/m?2.

The materials with the greatest environmental
impact, with more than 69% of the EF, are presented
in this order: concrete, metals and alloys, and
ceramics (Figure 3). Given this, changes in the

embodied energy in manufacturing processes, or
in emissions from their processes, such as using
recycled materials or ones with a high waste content,
can significantly reduce the project’s footprint (Freire
et al., 2019). These materials are also the ones that
weigh the most: concrete is almost 70% of the total
weight, and the weight of water which represents
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Figure 3. (a) The weight of materials in the project. Footprints of materials: (b) ecological; (c) carbon; (d) water. Source: Preparation by the Authors.
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Figure 4. Impacts by material families. Source: Preparation by the Authors.

15% of the total, also stands out. In the calculation
of the other footprints, as in the work of Marrero,
Rivero and Alba (2020), it is the same materials that
register the greatest impact. Construction materials
account for 80% of the total project, compared to
18.5% of machinery; while the impact of workers
only accounts for 1.5% of the total.

Regarding CF (Figure 3), the high impact of concrete
in the process is confirmed with 44%, followed by
ceramic elements with 23%, while metallic materials
and alloys account for 13% of its CF. Wood is at
the opposite end of the scale, with only 1% of the
impact. This footprint has the same proportions as
the ecological one, due to the great importance of
building materials in both calculations. A total CF
impact of 653.62 tCO2eq and an impact of 0.7472
tCO2eq/m? is calculated.

The WF of the materials is in line with the previous
two, as shown in Figure 4, although the impact of the
concrete compared to the CF is reduced, dropping
to 32%. Meanwhile, the impact of metals and
alloys is increased, and the importance of ceramic
materials falls to 7%. The low impact maintained
by wood stands out. The total volume of WF is
estimated at 12,601 m?, which means an impact
of 14,340 m3m? from the construction. Figure
4 shows the results of the impact of construction
materials in percentages, which allows comparing
the importance of each type and, simultaneously,
presenting the respective waste generated. It can
be seen how the water footprint is less important in
ceramic materials than in the case of metals, unlike

50%
45%
40%
35%
30%
25%
20%
15%
10%
5%

0%

(%) indicadores ambientales

HE (%) »HC (%) w=———HH (%)

with the carbon footprint, so a single indicator
does not seem enough to highlight the materials
that must be improved in the project. Concrete
and cement are the most widely used materials,
with the highest amount of C&D and, at the same
time, the most impactful in all categories, so taking
actions to reduce their impact will represent an
overall improvement of the project. On the other
hand, metals, although not important in weight
and waste, their impact is very high in all footprints
and should be the second category to be improved
when retrofitting with more sustainable constructive
solutions.

In the analysis by project sections, the results
are very similar to those obtained by other
authors (Gonzélez, Mufioz Sanguinetti & Marrero,
2019). In the case of social housing analysis,
where the sections with the greatest impact
are foundations, structures and masonry, once
again, due to the materials being used in large
volumes, these involve a lot of energy and CO,
emissions in their manufacturing processes. It
can therefore be determined that, despite the
constructive and technical differences of public
educational buildings, which are equipped with
larger electromechanical fittings and more unique
materials, their environmental impact is in line with
residential buildings.

CONCLUSIONS

The model proposed by Rivero (2020) combines
footprint evaluation with the economic valuation
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of building construction. With this work, the
adaptability of existing consolidated methodology
for the environmental evaluation and control of
projects of any type of buildings is verified, since
this is based on a cost structure or systematic price
classification systems.

On being a methodology that is supported by
the current classification systems, it allows sector
professionals to quickly prepare an economic
budget that can include the environmental impact.
The footprint analysis includes building materials
from their origin to the worksite, for all the elements
that are part of the project. It also includes labor,
using its source of energy (food intake), and
machinery, with its energy consumption.

This methodology can be easily and satisfactorily
implemented by the Spanish public administration.
This is thanks to the fact that it comes from the
traditional works classification model, which is
widely used by the technical experts involved in the
construction process. This study used the systematic
classification of the Andalusian Construction
Cost Bank, but it could be replicated with other
domestic classifications or costs banks. The clarity
of the data obtained and its easy interpretation
by non-specialized personnel make the model a
valuable tool to assess the environmental impact
of construction.

The main difference between public and private
projects lies in the constructive solutions used, as
well as in the consumption of resources by built
area. It would be advisable to apply the model
to other types of public constructions such as
museums, offices, communication centers, etc.,
both in those that are built in new floor plans,
and in those that retrofit existing buildings, within
the spectrum of public infrastructures, given the
constructive singularities of each of them. In this
way, it is possible to define reference impacts
that serve as a basis for making environmental
decisions in the construction process. The results
obtained in this work serve as a starting point to
generate new impact examples of public buildings
and databases for future research, to compare and
make improvement proposals in the designs of the
projects evaluated.

As a conclusion, and as the footprint calculation
is based on the works budget, bidder proposal
evaluation systems can be developed within public
procurement procedures to minimize the impact
of construction that also form part of the contract
specifications. This could provide technical support
to assess environmental improvement measures in
the public tender.
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