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Abstract

When regenerating an industrial site area, care should be taken after buildings located there.
Within development of the region and city, reconstruction, rehabilitation or conversion of buildings is
planned. Any action relating to the building includes, among others, a new building energy concept
based on heat and energy laws in force. The new building and energy concept of the buildings could
be assessed using a multi-criterion analysis.
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Abstrakt

Nedilnou soucasti regenerace kazdého industrialniho sidla je pée o budovy, které se na téchto
postizenych Uzemich nachédzeji. V ramci rozvoje kraje a mésta jsou tyto budovy uréeny k
rekonstrukcim a sanacim, konverzi. Soucasti vSech zasahd u téchto budov je mj. stanoveni nové
stavebné energetické koncepce, s ohledem na platnou tepelné technickou a energetickou legislativu.
Pro hodnoceni budov, z hlediska jejich nové stavebné energetické koncepce, lze vyuzit hodnotici
nastroj, ktery vyuziva vicekriterialni analyzy.
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1 INTRODUCTION

When regenerating an area affected by increased industrial activities, care should be taken
after buildings located there. Within development of the region and city, reconstruction, rehabilitation
or conversion of buildings is planned. Territories exposed to intensive industrial activities represent
an urgent issue in the Czech Republic. This problem is pressing because not only territories but also
the buildings located on those sites are being damaged.

1.1 Assessment of buildings in territories with intensive industrial activities

A particular attention should be paid to methods relating to applicability of the buildings in
the industrial sites. Regeneration of territories affected by increased industrial activities influences
other areas such as social issues or technology. When assessing the industrial site as an area (which is
also known as a "brownfield”), the buildings on the site should be also taken into account.
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The assessment of the sites affected by increased industrial activities should consider the possible
future use. Two basic components should be taken into account: the building technology and building
energy concept [1].

The buildings located on the site with intensive industrial activities can be divided into three groups.
Table 1 gives classification of the buildings.

Table 1: Buildings in brownfields and their basic classification

Building and its value

Building group No. 1 Building group No. 2 Building group No. 3
Listed buildings (e.g. because Not-listed buildings — they Not-listed buildings — they were
of machines or technology were built typically in the built mostly at the beginning of
which was located there in second half of the 20™ century. the 20™ century or in the second
past...) They are maintained, have got half of the last century, They are
their new investors and their often considerably dilapidated
new functions. and have no investors. This

means, their new functions do not
exist at all.

The buildings are parts of These buildings include These buildings should be
museum and excursions are administrative buildings, demolished in the future or their
organised there, such as the living houses, or panel block refurbishment is not economical.

Landek Museum. house development.

Mostly cultural, social or Economic value. Almost zero value. No social,

economic values. Refurbished and reconstructed cultural or economic benefits.

buildings still give some
profits and benefits.

2 MULTI-CRITERION ANALYSIS

A possible approach to the assessment of the buildings on sites affected by intensive industrial
activities is to apply tasks resulting from the multi-criterion decision making process. The multi-
criterion analysis is based on a mathematic model. The final, optimum decision consists in the
selection of the only one alternative listed among alternatives that would be available for that
situation. The multi-criterion decision-making process exists everywhere where the decision-maker
evaluates consequences of his work by several criteria. Such criteria are quantitative (which are
typically expressed using a natural scale and are also referred to as numerical criteria) or qualitative
(where typically a suitable scale is introduced — either a classification scale or a scale defining very
high-high-average-low-very low levels). At the same time, the best assessment direction should be
defined. This means it is necessary to decide whether the maximum or minimum value is better. Such
a task can include the requirement to sort out the decision-making alternatives by their order [2].

Key motives for introduction of exact approaches to the decision-making process are typical
of areas where the risk of incorrect decisions needs to be minimised and where some experiments are
welcomed in respect of economic, technical/economic and social aspects. Decisions are made based
on a single criterion, or multi criteria could be taken into account.

The multi-criterion decision-making process is discussed by many scientific and scholar
publications. The multi-criterion decision making process is known abroad as Multi-criterion
Decision Analysis.

The multi-criterion analyses and decision-making processes are used within activities carried
out by CIDEAS, Department of Building Constructions, Faculty of Civil Enginerering in the
University of Technology Ostrava, for its research task "Assessment of buildings in territories with
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intensive industrial activities in terms of the building and energy concept” (see www.cideas.cz, task
No. 1.2.3 “Management and maintenance of buildings on the territories with intensive industrial
activities" and task No. 1.2.3.2 “Multi-criterion decision-making process in determination of
applicability of the buildings on the territories with intensive industrial activities.

Five buildings were chosen to represent the buildings in the territory affected by industrial
activities, this means — in Ostrava. The buildings under assessment are from various materials and
different structural systems were used for the construction. These buildings were built mainly in the
second half of the 20" century. These are typically prefabricated structures assembled in a wall and
skeleton structural system. Other structures are wall/brick systems. Table 2 gives an overview of the
buildings No. 1 to 5.

Table 2: Buildings under assessment

- Original application of the . Yt ApD
Building building/structural system Location New application of the building
1. Administrative building/an Ostrava - Ptivoz Administration and living

assembled skeleton system
2. Grammar school, an assembled Ostrava - Poruba University building
skeleton system
3 Dwelling house, an assembled wall Ostrava - Poruba Dwelling house
system (panel segments)
Dwelling house, a wall/masonry o .
4. structural system (a listed building) Ostrava - Hrabtvka Dwelling house
5. Administrative building, a Ostrava - Ptivoz Dwelling house
wall/masonry structural system

The current condition of the buildings No. 1 to 5 (see Table 2) was assessed first on the basis
of the building and technical survey. It was necessary to define whether the building would be
suitable for further rehabilitations and conversions. Then, the existing energy concept was considered
and a new building and energy concept was discussed. The new concept comprises both possible
improvement alternatives in accordance with the laws on technology and energy in force. The result
of the assessment should be general information about the building in terms of future use and
estimated investment costs for improved building and technical conditions. In particular, information
should be acquired about the building and energy condition when the building requires an energy
performance certificate (“EPC”) for the current situation and for the two alternatives which should
improve the building and energy concept of the building. According to the alternatives, the
classification should be A to C after rehabilitation is completed. (The classes are A to G - see [3],
[7]. As of 1 January 2009, EPC is a part of the project documentation, part D — Documentation, in
line with Decree No. 499/2006 Coll.). A potential investor will acquire information about estimated
investment costs for rehabilitation and about return on investment. An example of the outcome of the
assessment is given in Fig. 1. For each building under assessment on the site affected by industrial
activities, possible impacts of the industrial sites can be defined. They include undermined territories,
occurrence of methane, increased ground level, or contamination of soil.

2.1 Using the multi-criterion analysis and building and energy concept for
assessment of energy performance of buildings in territories with intensive
industrial activities

Using the multi-criterion analysis and building and energy concept for assessment of energy
performance of buildings in territories with intensive industrial activities has not been a random
choice. This concept is based on the current legislative and objectives of the company — in case of
new, reconstructed and rehabilitated buildings, it is necessary to take such building/technical/energy
measures so that energy savings could be achieved. The new building and energy concept for the
buildings located in territories with intensive industrial activities reduces consumption of energy and
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this is in accordance with the energy concept objectives of the Czech Republic as well as all EU
member states. Currently, the requirements set forth in the Energy Performance Building Directive
should be fulfilled. This Directive does not determine any criteria but requires the EU member states
to evaluate the energy performance of the buildings [3], [5]. This concept supports good energy
performance of panel block buildings after modernisation and rehabilitation on territories with
intensive industrial activities.
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Fig. 1 Example of a catalogue sheet of a building on the territory with intensive industrial
activities in terms of the existing and new building energy concept (the figure shows the building
No.1 pursuant to Table 2, [3]

(Each catalogue sheet consists of the basic parts A through F, where A through C are
descriptive texts, while D through F contain calculations.)
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2.1.1 Assessment model

On each territory with intensive industrial activities, there is » buildings. In order to assess n
buildings on the territory, an assessment model was prepared (see Fig..2) [4]. The model is based on
the multi-criterion assessment and multi-criterion decision-making process.

The assessment model is open to users and can be utilised by state bodies, owners of the
buildings as well as by potential investors. The outcome of the assessment model provides overview
of costs for rehabilitation of a panel block building, total savings, return, efficiency (which is the total
savings-to-costs ratio), order of the buildings, and total investment costs.

The assessment can be done only if catalogue sheets are available for the buildings on the
territories with intensive industrial activities (see Fig. 1). This means, the assessment is supported by
MS Excel. Teamwork, however, is essential, and one assessor at least should coordinate works with
the model in accordance with the legislative that is in force for the building technical concepts,
construction aspects and building energy performance. Fig. 2 shows the assessment model which
comprises three basic levels.

Level 1

- Definition of such building construction and material measures that would decrease heat
losses in the building and save energy. For each building, the measures relate to
following parts of the construction: Roof, external cladding, windows and doors, floors
in the level above the under-ground floor.

- When assessing the energy of the building, the original condition is considered and
alternative measures are taken into account so that the building energy concept could
improve and so that the classification of the building could be in line with the legislative
in force. Finally, the costs (in CZK) and return on investment (in years) will be defined
as well.
Definition of measures that would decrease the energy performance of the building (in
particular, the measures connected with the building services and facilities). Such
measures include possible modifications, introduction of heat insulation for pipes,
regulation of a heating system, installation of heat control valves or a regulation unit at
the building footing. The result will be an overview of improvement costs (in CZK),
return on investment (in years) and savings (in per cent).

Level 2
- Preparation of the assessment model and entering of input information. Entering of the

weight, classification and work with the model. The assessment model is based on the
multi-criterion assessment which is a part of the Analytic Hierarchy Process.

When working with the assessment model:

a) theoretical background should be studied and alternatives resulting from the multi -
criterion assessment should be discussed.

b) Criteria should be defined, described and characterised (n criteria).

c) Data should be transformed within the modelling.

d) Criterion weights should be defined, Saaty’s approach and matrixes should be considered

and the weight should be determined from the matching matrices. When matching
S= (al./.), i j=123..... k, the series 1,2,3...... 9 and reciprocal values are frequently

used. The matrix elements in S; are presented as an estimated ratio of the weights of the

i and j* criteria [6].
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s;=—1ij=12...k
J
)
This is the Satty’s matrix. For each matrix element, one has
s,=1i=12...... k
5. = / ij=12...k
Ji S.. ?
ij
2

A verbal scale is also available for the assessment:
The criteria 7 and j are equal
The i criterion is slightly preferred to j
The i criterion is strongly preferred to j
The i criterion is very strongly preferred to j

O 3 W W =

The i criterion is absolutely preferred to j

The values 2, 4, 6, 8 are the intermediate levels of the verbal scale. The elements in the
A matrix, being the estimate of the weight ratios, are not, in general, fully consistent. This means

= ShiS ; is not valid for 4, i, j =1, 2....k. Let us create the V" matrix = (vj), the elements of which are

real ratios of the weight:

3)

e) Then, vy =V vy for all elements and for all 4,i,j = 1,2....k, [6].

For estimation of the weights, Saaty introduces a vector which corresponds to the biggest
characteristic number of the 4 matrix. Saaty’s method ranks among the most frequently used methods
in the multi-criterion analysis. This method is used also in the Analytic Hierarchy Process, AHP [6].

Level 3

e |Input values are taken from the catalogue sheets (see the example in Fig. 1) created in line
with the guideline used for assessment of the buildings on the industrial sites (see
www.cideas.cz, Technical Sheet TL 1.2.3 and Technical Sheet TL 1.2.3.2 and outcomes of
interim research reports drafted in 2007 to 2008). Data from the catalogue sheets are defined
as a matrix table with general input data according to results listed in the catalogue sheets.

e The matrix table with the input data is divided into two basic parts: the building energy
concept and the building services and facilities see Table 3).

e  The classification scale of the multi-criterion assessment is from 1 to 10.

e When determining the weight and when applying the multi-criterion assessment in a set of
criterion indicators, each element out of the set has a different relative importance for a
specific issue which is being investigated into. The relative “relevance” is identified as the

weight of the criterion for w g (parameter weights). This weight provides information about

relative relevance of individual indications within the set £ ,.... Pn , [4].
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Table 3 Matrix table — input data (data from the catalogue sheets) [3],[4]

B B1 B2 B3 B4 B5 SEK

T06B r % MS-OB T % MSKO r % Jub. r % Kok. T % Na Np Ue Npr Z
Ol 30,000 | 4 | 35 70,000 4 | 38 50,000 6 36 35,000 5 33 7 8 8 10 10
02 | 25000 | 2 | 35 35,000 3 38 10 8 10 8 5
03 30,000 | 3 35 | 45,000 4 | 38 | 70,000 4 36 25,000 2 33 9 8 9 6 4
04 | 60,000 | 4 [ 35 180,000 7 | 38 [ 230,000 7 36 45,000 4 33 8 8 7 9 7
05 1,100,000 | 9 | 38 1,300,000 10 | 36 170,000 11 33 6 7 3 8 4
06 650,000 11 36 150,000 11 33 4 6 4 10 8
07 650,000 13 50 | 220,000 13 50 | 250,000 13 50 5 10 5 8 10
08 150,000 7 20 3 3 6 8 10
09 2,500,000 1 1 1 9 8

K = U

Definition of possible measures:

Rate of return [years]
Purchase/installation costs [CZK]

Energy savings [%]
Operation costs [CZK]
Service life [years]

01 Overcladding for distribution lines Ul

02 Installation of a control node at the footing of the U2
building

03 Regulation of the system U3

04 Heat regulation valves U4

05 Heat sensors, cabling Us

06 Modifications of the heating area

o7 Installation of a solar unit (hot water heating)

08 Installation of a solar unit (maintaining a stable
temperature in the building)

09 Installation of a photo-voltaic unit

B1ltoBn Buildings under assessment, SEK Building and energy concept

After the input data are entered (see Table 3), the assessment model can be regarded as a tool
which supports objective decision-making. The weights of the savings and the weights of the actions
are same in the model. The weights of relative importance of some measures can be higher, for
certain measures, that those of other measures, the same being the case of the savings. (This means,
the weights could be easily changed). For correct adjustments, matching is used (it is also possible to

use software such as Expert Choice).

Building Action Weight of the measure
b1 o1 -—> <-- vi
b2 02 -—> < V2
b3 03 -—-> < v3
b4 04 -—> <--- v4
b5 | * 05 -—> Transformation <--- V5
b6 06 -—> <-- V6
b7 o7 ---> < V7
b8 08 -—> <— V8
b9 09 -—> <--- V9
I | | |
vV Vv v v v
partial savings Ut U2 U3 U4 U5
total savings --->| U | aggregated savings
AN N N A [
| | | | | --> | degree of savings
weight of savings ul u2 u3 u4 U5 --> efficiency

Fig. 2. Preparation of the model and data transformation (Kubeckova Skulinova, D., Ramik, J, [4].)
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Comparison in the assessment model can be set in two ways:

1.

absolute comparison where alternatives are confronted with a standard resulting either
from experience or from sample values. The key criterion for absolute assessment is a
cardinal criterion. This is absolute assessment of elements from the k” level of the

hierarchical level L, for the element from the upper level L, _, , [4].
relative comparison where alternatives are confronted in pairs. The result is relative
assessment of the weights W, for each element 7 from the k" level L, for the element

from the upper level L, ,. In the matching process, i and j elements from L, are
compared in terms of properties which are common. The result is the estimated ratio
w,;/ W ,(v) by means of the basic scale. By gradual comparison, we obtain a
matching matrix and the maximum characteristic number. This also gives an own vector
which can be normalised to receive own weight w,, .

Table 4 Assessment model data - an absolute model

Action Weight Ul U2 U3 U4 Us
Action Rate of return Pr(;;l\llzflglsent iri:;gg}; cooslzesr:\tii(r)lgs Service life

(o) 1 7 8 8 10 10
02 1 10 8 10 8 5
03 1 9 8 9 6 4
04 1 8 8 7 9 7
(O8] 1 6 7 3 8 4
06 1 4 6 4 10 8
o7 1 5 10 5 8 10
08 1 3 3 6 8 10
09 1 1 1 1 9 8

Sums 9 53 59 53 76 66
Weights of savings 1 1 1 1 1

The weights of the actions and savings are scaled 1 to 10.
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Table 5 Buildings B1 to B5 (according to Table 2)

Buildings
(,000 CZK)
Bl B2 B3 B4 BS
TO6B MO-OB | MS-KO Jubilejni | Koksarni
street street
1 30 70 50 0 35
2 25 35 0 0 0
3 30 45 70 0 25
4 60 180 230 0 45
5 0 1100 1300 0 170
6 0 0 650 0 150
7 0 0 650 220 250
8 0 0 150 0 0
9 0 0 2 500 0 0
> 145 1430 5600 220 675
Volume ofthe | 574 | 353366 | 12411 2056 1330
building
S”rcfif)"i;g be | 9662 14 981 381 735.,5 1159

On the basis of Table 5, the matrix of the buildings can be defines (the buildings /,000 CZK)

v’ Absolute model of savings

Table 6. Model of savings with the weight

W = savings matrix

Action V = weights
ton | Tl | Pt | B O | e i

(0] 0,11111 7 8 8 10 10
02 0,11111 10 8 10 5
03 0,11111 9 8 9 6 4
04 0,11111 8 8 7 7
05 0,11111 6 7 3 4
06 0,11111 4 6 4 10 8
07 0,11111 5 10 5 8 10
08 0,11111 3 3 6 8 10
09 0,11111 1 1 1 9 8

u = weight of savings 0,2 0,2 0,2 0,2 0,2

In the model of savings (see Table 6) the weight in the matrix is 0.1.

74




10.2478/v10160-010-0022-3

The assessment model gives us an overview for better rehabilitation and reconstruction in
order to reach maximum energy savings and the minimum possible return on investment. The new
building and energy concept should be taken into account as much as possible (see Table 7 to
Table 9).

Table 7. Degree of savings in respect of the volume of the building and efficiency order

Savings in respect of the volume of the building,

Building T06B MS-OB MS-KO Jubilejni street | Koksarni street
Total savings 127 975 3334 186 516
Relative value 0,050 0,028 0,269 0,090 0,388
Order 4 5 2 3 1

Costs 145 1430 5600 220 675

Total savings =  diag(v)*W*u*Bi

Relative value =  diag(v)*W*u*Bi/volumeBi
Efficiency 0,879 0,682 0,595 0,844 0,764
Order 1 4 5 2 3
Efficiency = Total savings/Costs

v' Relative model

Table 8. Relative value of the degree of savings

Degree of savings =10000* diag(v)*W*u*Bi
Building T06B MS-OB MS-KO Jubilejni street Koksarni street
Value 146,3 1114 93,3 136,7 123,7
Order 1 4 5 2 3
Value = 10000* diag(v)*W*u*Bi

Table 9 General overview of outcomes

Building T06B MS-OB MS-KO Jubilejni street | Koksarni street
Total savings 127 975 3334 186 516
Relative value 0,050 0,028 0,269 0,090 0,338
Order 4 5 2 3 1

Costs 145 1430 5600 220 675

Total savings = diag (v)*W*u*B;

Relative value = diag(v)*W*u*B;/ objem B;

Efficiency 0,879 0,682 0,595 0,844 0,764

Order 1 4 5 2 3

Efficiency = Total savings / Costs

Degree of savings =10000* diag(v)*W*u*Bi

Value 146,3 114,4 93,3 136,7 123,7

Order 1 4 5 2 3

Value = 10000* diag(v)*W*u*Bi
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3 CONCLUSION

The multi-criterion assessment has been used for the evaluation of many projects, for
instance for the evaluation of flood protection and revitalisation actions in small water courses and
lakes and for the selection of a compromise alternative [Riha, “Applying the risk analysis for
assessment of flood protection measures” 2001] or for evaluation of impacts of the investments onto
the environment [Riha, “Evaluating impacts of investments on environment - multi-criterion
analysis” 1995], and other projects. The multi-criterion assessment and multi-criterion decision can
be used for evaluation of rehabilitation projects in territories with intensive industrial activities.

It follows from the multi-criterion analysis and outcomes of the assessment model, that this
approach provides a general insight into the complex topic. At the same time, it makes it possible to
decide on an objective basis how the panel block housing stock will be treated, regenerated and
rehabilitated.
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