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Abstract. By maximizing sustainability opportunities in the site selection and site planning process site issues are
integrated into the pre-design process. Some opportunities continue through the design, development and to a more
limited extent, through facility and landscape construction. By integrating the building with the site in a manner that
minimizes the impact on natural resources, we can maximize human comfort and social connections. Decisions made
during site selection and planning impact the surrounding natural habitat, architectural design integration, building
energy consumption, occupant comfort and occupant productivity. These issues are involved in evaluation of sustain-
able building performance. The purposes of building assessment from environmental aspects are the determination of
real buildings state from viewpoint of safety and reliability, the possibility of buildings comparison, the find of envi-
ronmental buildings potential and the proposal of measures resulting in sustainable buildings. The environmental
assessment systems deal with site selection criteria, the efficient use of energy and water resources during building
operations, waste management during construction and operations, indoor environmental quality, demands for trans-
portation services, and the selection of environmentally preferable materials. The Slovak building environmental
assessment system was processed on the base of available experiences database analysis from environmental per-
formance of buildings. The aim of this paper is introduced the building environmental assessment system developed
in Slovakia and verification of this paper in field of site selection. The building site and project planning as the sig-
nificant field and determination of weighting indicators in this filed by Saaty method will be introduced in the paper.

Keywords: building environmental assessment, assessment system, site selection, Analytic hierarchy process.

1. Introduction

Environmental rating of buildings and building
products has been introduced in many countries. This
new attention to building performance calls for a more
holistic approach to designing and maintaining buildings.
However, this in turn demands efficient ways to commu-
nicate complex information about building performance
to clients, tenants and others (Malmqvist 2009). The as-
sessment of building environmental performance covers a
wide range of issues and may involve not only a number
of environmental, but also economical and social factors.
These integrated assessments of buildings require a mul-
tidisciplinary and multi-criteria approach which demands
cooperation among civil engineers, architects, environ-
mentalists and other experts from different areas of build-
ing environmental assessment (Vilcekova et al. 2010a).

The paper is organized as follows. The purpose of
this paper is introduced the building environmental as-
sessment system developed in Slovakia. The core of the
paper started at next section with building site and project
planning as the significant field in building environ-

mental assessment system. The weighting significance of
indicators was determined by Saaty’s method. The last
section is oriented on system verification.

2. Building environmental assessment in Slovakia

In the recent years the evaluation of building per-
formance in terms of environmental, economical and so-
cial impacts and aspects is also a discussed topic in Slo-
vak republic. BEAS (Building Environmental Assessment
System) has been developed at the Institute of Building
and Environmental Engineering, Technical University of
Kosice. The systems and tools used in many countries
were based on the new system development for applica-
tions under Slovak conditions. The main fields and rele-
vant indicators of building environmental assessment
were proposed on the basis of available information
analysis from particular fields of the building perform-
ance and also according to our experimental experiences.
The foundation of system development was mainly based
on the SBTool. BEAS is a multi-criteria system which
included environmental, social and cultural aspects. The
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proposed fields and indicators respected and adhered to
Slovak standards, rules, studies and experiments. The
developed assessment system for Slovakia contains 6
main fields. The proposed quantitative and qualitative
indicators respect national standards and rules.

In the Figure 1 is shown a hierarchy structure of
proposed building environmental assessment system.
Main fields are: A — Site Selection and Project Planning
(14.71%), B — Building Construction (20.59%), C — In-
door Environment (23.56), D — Energy Performance
(26.47), E — Water Management (8.88%), F — Waste
Management (5.88%). Some of main fields have sub-
fields. Fields and subfields have determining indicators.
The total number of the assessment indicators is 52 (Vil-
¢ekova et al. 2010b). Hierarchy structure allowed using
methods of AHP (Saaty 2008).

Fig 1. Hierarchy structure of proposed building environ-
mental assessment system

Hierarchy structure allowed using Multi-criteria
analysis (MCA) for weight significance determination.
MCA is a tool for effectiveness evaluation and decision
support. One of the Multi-criteria analysis methods is
Analytic hierarchy process (AHP). AHP is a theory of
measurement through pair-wise comparisons and relies
on the judgments of experts to derive priority scales. It is
these scales that measure intangibles in relative terms.
The comparisons are made using a scale of absolute
judgments that represents how much more; one element
dominates another with respect to a given attribute (Saaty
2008). The multi-criteria framework incorporates the
consideration of environmental issues in a development
and it will take an important role in the evaluation ap-
proach.

3. Saaty’s method

The Saaty’s method enables us to model a compli-
cated decision problem with the help of a hierarchical
structure that is composed of the goal, criteria, sub crite-
ria and alternatives. The advantage of this method is the

possibility to handle both qualitative, as well as quantita-
tive objects. The output of this method is a mathemati-
cally correct quantitative evaluation of alternatives being
assessed (Laidre 2011). The Saaty’s method dealt with
consistency of the pair-wise comparison matrix. A con-
sistent matrix mean e.g. if the decision maker says a crite-
rion i is as important as another criterion j (so the com-
parison matrix will contain value of a; = 1= a;;), and the
criterion j is absolutely more important as the criterion i
(a;; = 9; a; = 1/9); then the criterion i should also be abso-
lutely more important than the criterion j (a; = 9; aj =
1/9). The idea is based on the fact that it is easier for a
person to come up with relational evaluations rather than
with absolute evaluations. In addition, comparing items
in pairs renders the most accurate evaluation of an as-
sessed characteristic; the Saaty scale is used for that. In
the Table 1 is scale of relative importance for pairwise
comparison. This scale consists from intensity of impor-
tance and descriptor. A nine point scale is provided to
quantify pairwise importance or preference and interme-
diate values are used to interpolate between adjacent
scale values. After conducting such comparisons, what
follow is the derivation of different alternatives’ weights,
as well as that of the criteria. This means composing ab-
solute scales by using mathematical methods described
by Saaty. It is an important fact that in conducting meas-
urements, no standard scale has to be used - experience,
intuition or knowledge is usually sufficient (Saaty 2003,
2008; Yang et al. 2010).

Table 1. Scale of relative importance for pairwise comparison

Intensity of | Descriptor
Importance | Verbal Scale Explanation
. Two elements
Equal importance .
1 contribute
of both elements
equally

Experience and
judgment favor
one element
over another

Moderate impor-
3 tance of one ele-
ment over another

Strong importance .
& 'mp An element is

5 of one element over
strongly favored
another
Very strong impor- | An element is
7 tance of one ele- very strongly

dominant

An element is
favored by at
least an order of
magnitude
Intensity of 2, 4, 6, and 8 can be used to express inter-
mediate values. Intensities 1.1, 1.2, 1.3, etc. can be
used for elements than are very close in importance.

ment over another

Extreme importance
9 of one element over
another

The weightings of criteria for methods of multi-
criteria analysis have to be standardized and the condition
(1) holds:
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v;— weight of i criterion,
n — number of criterion.

4. Site Selection and Project Planning

The Saaty’s method enables us to model a compli-
cated decision problem with the help of a hierarchical
structure of building environmental assessment system.
Site selection issues include transportation and travel
distances for building occupants, impacts on wildlife cor-
ridors and hydrology, energy supply and distribution
limitations. Decisions made during site selection and
planning impact the surrounding natural habitat, architec-
tural design integration, building energy consumption,
occupant comfort and occupant productivity. In the Table
2 is shown main field A — Site Selection and Project
Planning.

Table 2. Site Selection and Project Planning

5. Results

The weighting significance of indicators was deter-
mined by Saaty’s method. The criteria weight was as-
signed using Saaty’s matrix. In the Table 3 is shown de-
termination of weighting significance of sub-field of main
field — A — Site selection and project planning. This main
field of assessment has two sub-fields of assessment: Al
— Site selection (56,3%) and A2 — Site development
(43,8%).

Table 3. Determination by Saaty’s matrix (Main field A)

Saaty matrix Computing of Saaty matrix
a(i,)) Criteria II R@3) = Weights
Criteria | Al | A2 | a6 [ [TaGp1?| va)
Al 1 [1.286] 1.286 1.134 0.563
A2 10778 1 0.778 0.882 0.438
Total: 2.016 1

Field, subfields, indicators

A Site Selection and Project Planning

Al Site selection

Selection of ecologically valuable or sensitive
Al.l land

In the Table 4 (Saaty matrix) and Table 5 (comput-
ing of Saaty matrix) is shown determination of weighting
significance of indicators of first sub-field of assessment.
This sub-field of assessment has ten indicators of assess-
ment (Table 2).

Table 4. Saaty’s matrix (Sub-field A1)

a(i,j) | ALl | AlL2 | AL3 | Al4 | AL5 | AL.6 | AL7 | AL8 | AL9

Al.l 1 1 1.1 2 26 | 1.6 2 1.3 1 1.1
Al.2 1 1 1.1 2 26 | 1.6 2 1.3 1 1.1
Al3 0.8 | 0.8 1 1.7 | 23 14 | 1.7 | 1.1 | 0.8 1.0
Al4 05 | 05 ] 05 1 1.3 | 0.8 1 06 | 05 | 0.5
AlS 03 |03 | 04| 07 1 06 | 07 105 ] 03] 04
AlL6 06 | 06 | 0.7 12 | 1.6 1 12 1 08 | 06 | 0.7
Al7 0505105 1 1.3 | 0.8 1 06 | 05 | 05
Al.8 0.7 | 07 | 0.8 1.5 [ 20 [ 1.2 ] 15 1 0.7 | 0.8

A1.2 | Selection of land vulnerable to flooding T e R S B B B o
Al3 Selection of land near by water object
Al4 Se.lectlon of Brownfle.ld.lands Table 5. Computing of Saaty’s matrix (Sub-field A1)
Al.5 | Distance to road-traffic infrastructure
Al.6 | Distance to commercial and cultural facilities a(i,j) I R() = Weights
A1.7 | Distance to public green space Criteria a(ij) | [Ma@pl " |  v() %o
Al.8 | Distance to engineering networks Al.l 29.722 1.404 0.133 13.33
Possibilities of renewable energy sources utili- Al2 29.722 1.404 0.133 | 13.33
Al.9 |zation Al3 7.819 1.228 0.117 11.67
Applicable orientation to maximize passive Al4 0.029 0.702 0.067 6.67
ALL10_| solar potential Al5 | 0.002 0.526 0.050 | 5.00
A2 | Site development AL6 | 0.270 0.877 0.083 | 833
A2.1__| Development of density A7 | 0029 0.702 0067 | 6.67
A2.2 Possipility 'of change buil'ding purpose ALS 1.674 1.053 0.100 10.00
Relationship of design with existing street- ALO 20722 1404 0133 13.33
A23 scapes
A2.4 | Policies governing use of private vehicles l’?ételllo 7.819 116252289 (1)(1)(1)(7) 111(')%7
A2.5 | Ensure of sufficient public green space : . .
Use of trees for solar shading and sequestration In the Table 6 (Saaty matrix) and Table 7 (comput-
A2.6 | of CO,

Maintenance or development of wildlife corri-
A2.7 |dors

ing of Saaty matrix) is shown determination of weighting
significance of indicators of second sub-field of assess-
ment. This sub-field of assessment has seven indicators
of assessment (Table 2).
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Table 6. Saaty’s matrix (Sub-field A2)

ai,j) | A2.1 | A22 |A2.3 | A2.4 | A2.5 | A2.6 | A2.7

A2.1 1 1.6 2 1.6 | 1.14 | 1.33 | 1.33

A2.2]0.625 1 125] 1 0.71 1 0.83 | 0.83

A23] 0.5 0.8 1 0.8 | 0.57 | 0.66 | 0.66

A2.4]0.625 1 1.25] 1 1.4 ]0.83 | 0.83

A25]10875] 14 | 1.75]0.714| 1 1.16 | 1.16

A26] 075 | 1.2 | 1.5 ] 1.2 | 0.85 1 1

A271 075 | 1.2 | 1.5 | 1.2 | 0.85 1 1

Table 7. Computing of Saaty’s matrix (Sub-field A2)

a(i,j) I R() = Weights

Criteria a(i,j) [IT a(i,j)] "’ v(i) %
A2.1 10.403 1.397 0.196 19.6
A2.2 0.388 0.873 0.122 | 122
A2.3 0.081 0.699 0.098 9.8
A2.4 0.76 0.961 0.135 13.5
A25 2.084 1.111 0.156 15.6
A2.6 1.389 1.048 0.147 14.7
A2.7 1.389 1.048 0.147 14.7
Total: 7.137 1 100
1471333 1333 13,33

124 11,67 11,67

10
10 + —
8,33

581 (]

g 6.67 6.67

26 |

5

ul
2 - | | | | | | | | -
0

Selection of ecologically valuable or sensitive land
Selection of land vulnerable to flooding

Selection of land near by water object

Selection of Brownfield lands

Distance to road-traffic infrastructure

Distance to commercial and cultural facilities

Distance to public green space

Distance to engineering networks

Possibilities of renewable energy sources utilization
Applicable orientation to maximize passive solar potential

AlLl | AL2 | AL3 | Al.4 | ALS5 | AL.6 | AL7 | AL8 | ALY | AL

S

Indicators

Fig 2. Weights of indicators of sub-field Al — Site selec-
tion

19,51
17,07
14,63 14,63

5 — —

12,2 12,2

Development of density

Possibility of change building purpose
Policies governing use of private vehicles
Ensure of sufficient public green space

Relationship of design with existing streetscapes
Use of trees for solar shading and sequestration of
CcO2
Maintenance or development of wildlife corridors

A2.1 A22

>
S
w

A2.4 A25

>
[
o
>
[ )
~

Indicators

Fig 3. Weights of indicators of sub-field A2 — Site devel-
opment

6. Verification of building environmental assessment
system

The aim of this paper is also assessment of selected
six office buildings located in the east of Slovakia for the
purpose of system verification. The evaluated office
buildings were assessed according to available documen-
tations, mainly drawings. The assessment was performed
using software tool for BEAS prepared in MS Excel. The
software tool was developed on the base of international
software tool in Microsoft Excel for building environ-
mental assessment — SBTool. The software tool sup-
ported BEAS allows easy and comprehensive evaluation
of buildings. All performance criteria are evaluated ac-
cording to standards and laws valid in Slovak Republic.
Each main field has several indicators of assessment
which have the intent of assessment and the scale of as-
sessment. This scale is from negative (-1 point), accept-
able practice (0 point), good practice (3 point) and best
practice (5 point).

Result of each indicator assessment is obtained so
that the point from scale is multiplying with weight of
indicator. This result is presented in last evaluative list in
form of column graph and comprehensive tables (Vil-
¢ekova et al. 2010).

In the Figure 4 is shown result of first main fields
assessment in column graph.
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5,00
4,00
3,00 O office building 1
243 B office building 2
;E) 200 O office building 3
@ O office building 4
B office building 5
1,00
0,00
-1,00
Office buildings

Fig 4. Results of office buildings assessment in first main
field — A Site selection and project planning

The average score of assessed buildings is 1.91
which is classified as Environmentally acceptable build-
ing on the base of classification key shown in the Table 8.
The results from the comprehensive environmental as-
sessment of selected office it can assert, that it is neces-
sary to propose measures to improve the environmental
suitability and safety of the evaluated office buildings in
all assessed fields.

Table 8. Classification key

Score | Category
-1 Environmentally unacceptable building
0 Environmentally acceptable building

3 Environmentally friendly building

5 Sustainable building

7. Discussion

By integrating the building with the site in a manner
that minimizes the impact on natural resources, we can
maximize human comfort and social connections. The
development footprint should enhance the existing biodi-
versity and ecology of the site by strengthening the exist-
ing natural site patterns and making connections to the
surrounding site (Sustainable guidelines, 2002).

According to study (Lee ef al. 2002) weighting is the
heart of all assessment schemes since it will dominate the
overall performance score of the building being assessed.
An appropriate assessment tool must provide the possibil-
ity for a designer to consider the sensitivities of these
factors in single and multiple analysis together with the
sensitivity of the weighting (Soebarto et al. 2001). Identi-
fying assessment indicators requires rigorous method of
solving multi-criteria decision making problems of choice
and prioritization in policy making. This paper introduced
a integrated method of identifying indicators for Site se-
lection and project planning assessment in office build-
ings applying feasibility, completeness, effectiveness and
multi-attribute decision making rules. According to a
study (Andersen et al. 2005) this method of multi-criteria
analysis was used to determine the weights of signifi-
cance of E-audit used in Poland.

8. Conclusions

The aim of this paper was introduced the proposal of
Building site and project planning field and system veri-
fication. The percentage weights of significance were
determined for proposed sub-fields and relevant indica-
tors. The selected office buildings were evaluated from
this point of view. The average score of assessed build-
ings is 1.91 which is classified as Environmentally ac-
ceptable building. For the purpose of system verification,
a statistically significant set of buildings is required to be
evaluated. The outcome from the system verification will
be result in the modification of indicators weighting.
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