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A SuperDecisions model consists of clusters of elements (or nodes), rather
than elements (or nodes) arranged in levels.

The simplest hierarchical model has a GOAL cluster containing the goal
element, a CRITERIA cluster containing the criteria elements and an
ALTERNATIVES cluster containing the alternative elements

GOAL )
T
CRITERIA
ALTERNATIVES

S | N




Building a hierarchical model

GOAL: to find the best solution for energetic rehabilitation in historical building

CRITERIA of evaluation:
1. Assess the impact of the proposed interventions in the light of the international
conventions of conservation (Restoration Charts).
2. Assess Energy efficiency
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4. Assess the economic budgetary feasibility

ENERGETIC REHABILITATION IN HISTORICAL BUILDING
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Create GOAL, CRITERIA and ALTERNATIVE clusters

B Super Decisions Main Window: Unnamed file 0 |:||E||X

File EBEENGN AssessfCompare  Computations  Networks  Help

______________ 1. Create GOAL cluster:
" From the Main Window menu, select
B:m:ieSubn.etwork et e F DeSiqn > Cluster > NeW to Create the fi rSt

Set all clusters jcon Fonk

Make Net Mormal Set all clusters both Fonks CI u Ste r.

Add/Edit Formula Set all clusters colar
Standard Formulas 4
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Make Subnetwork Remove R

Ratings
Remove Ratings

Undo Last F2
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Synthesis - Getting the Results
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Tutorial for the SuperDecisions Software

HOW TO USE SUPERDECISIONS TO BUILD AHP HIERARCHICAL DECISION MODELS

INSTALLING THE SUPERDECISIONS SOFTWARE

0 To Install the SuperDecisions software insert the CD in the CD drive on your computer. Click on Start, then on Run and run the file
Setup.exe to install the software. If this file does does not automatically appear, click on the My Computer icon on the desktop, then
click on the icon for the CD drive and on the file Setup.exe. No serial number is necessary to install the software. You may download
an updated version free from www. superdecisions.com when this software expires after 9 months.

O To start the program click on the icon that has appeared on the desktop of your computer or go to Start/Programs/Super Decisions:

ta

super Decisions

INTRODUCTION TO BASIC CONCEPTS
This lesson describes how to build the simplest decision model that has a goal, criteria and alternatives, make judgments (paired comparisons), and compute the

results to find the best alternative.

CLUSTERS AND ELEMENTS

A hierarchical decision model has a goal, criteria that are evaluated for their importance to the goal, and alternatives that are evaluated for how preferred they
are with respect to each criterion. An abstract view of such a hierarchy is shown in Figure 1.

The goal, the criteria and the alternatives are all elements in the decision problem, or nodes in the model. The lines connecting the goal to each criterion
means that the criteria must be pairwise compared for their importance with respect to the goal. Similarly, the lines connecting each criterion to the
alternatives mean the alternatives are pairwise compared as to which is more preferred for that criterion. Thus in the hierarchy that is shown there are six

sets of pairwise comparisons, one for the criteria with respect to the goal and 5 for the alternatives with respect to the 5 criteria.

A SuperDecisions model consists of clusters of elements (or nodes), rather than elements (or nodes) arranged in levels.
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The simplest hierarchical model has a goal cluster containing the goal element, a criteria cluster containing the criteria elements and an alternatives cluster
containing the alternative elements as shown in Figure 1.
When clusters are connected by a line it means nodes in them are connected. The cluster containing the alternatives of the decision must be named

Alternatives. Nodes and Clusters are organized alphabetically in the calculations, so an easy way to control the order is to preface the names with
numbers.

GOAL /M

=

CRITERIA

ALTERNATIVES

Figure 1. Abstract Representation of a Decision Hierarchy
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Super Decisions Main Window: Auto Selection. mod

Fle Design Assess/Compare Computations Metworks Iest Hel

BR&SF Arabacesm @

= Goal =1ol1=|

= |

T I [
il 2Criteria -ol=

1Price| 2Mi|esPerGaIIonI 3Prestige| 4Comfort|
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L IAlternatives =lol=

Avalon carI Babylon carI Carryon carI

4l {13 )

Figure 2. SuperDecisions Hierarchical Model for Selecting a Car.

The model in
Figure 2, Car Hierarchy.mod, is included with the sample models for the SuperDecisions software.

0 To load this model click on the Help command, then on Sample Models and select Car Hierarchy.mod.

When clusters are shown connected with a line, it means elements in them are connected.

To see which nodes are connected from a source or “parent” node, turn on the “Show Connections” icon E and place the cursor over the parent node.
The nodes to which it is connected will then be outlined in red as shown in Figure 3.
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— “Show Connections lcon

Super Decisions Main Window: Auto Selection. mod
File Design Assesz/Compare  Computations Metworks  Te€t Help

(=== Ay achacs sy R

a1 Goal =121 With the “Show Connections” icon

- | | | depressed, hold the cursor over a
Goal .
. % =1~ node, here it is the Goal node, so
Y I the nodes it connects to will be
i outlined in red.

| 2Miles Per Gallonl | 3Prestige|

| [+

!

L IAlternatives -|o

X

Avalon carI Babylon carI Carryon carI

L_|+

4] | +]

=4l

Figure 3. Turn on “Show Connections” Icon to see Element Connections.

Each criterion node is also connected to the alternatives. Place the cursor over each criterion in turn to highlight the alternatives for each.
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In a hierarchical SuperDecisions model clusters are connected by arrows going in one direction from top to bottom. In network models, covered in the next
chapter, clusters may be connected with arrows going both ways and also may be connected to themselves with a loop.

In a hierarchical structure like that shown in Figure 3, each comparison set is made up of a parent node and the nodes it connects to in the cluster below. There are
five sets of pairwise comparisons to do for this model: the criteria with respect to the goal, and the alternatives with respect to each of the four criteria.

SHOWING THE PAIRWISE COMPARISONS FOR THE CRITERIA WITH RESPECT TO THE GOAL

In this model the pairwise comparisons have already been completed.
0 To see the pairwise comparisons for the criteria with respect to the goal, left-click on the Goal node inside the Goal cluster to
select it.
0 Select the Assess/Compare, Node Comparisons command
0 Click on the button “Do Comparison” to show Figure 4.

Comparizons For “Criteria™ wrt “Goal"

File Computationz  Misc. Help

Graphic | Yerbal | Matriz | Questionnaire |

1Price iz moderately more impartant than 2kiles per Gallan

1. APrice alae|7|E|S5]|4 F 2 2134|5729 | Hocomp. |ZMiles per ~
2. 1Frice |l 7|E|S5]4 - 3|2 2134|5759 | Mocomp. | 3Prestige
3. 1Price Sl T7TI|E|S5|4)z 2 224|572 |9 | Hocomp. | 4Canmfort
4. ZMilesper~ 9 |2 | 7| & |5 |4 |2 )2 21345 |e]7F)|2 |9 | Mocomp. | 2Prestige

: 5 ZMilesper~ A |8 | T | & |5 |43 |2 203 4|56 7|25 | Hocomp. | 4Comfort
E. ZPrestige alg|T|E|5|4]|2)2 21204 S|Ee]| 7|28 |59 ]| Hocomp. | 4Comfort

Figure 4. The Questionnaire Comparison Screen
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0 Click on the Matrix buttom to see the equivalent Matrix comparison screen shown in Figure 5. Click on Graphic, then Verbal.

Comparizons for "Criteria™ wrt "Goal™

File Computation:  Misc. Help

Graphic | “erbal | Matrix  Cuestionnaire |

I'IF'riu:e iz 3.0 timez more impaortant than 2kiles per Gallon

Incongizstency

2Miles per ~ | APrestige | 4Comfort

1Frice
2Milesz per ~

IPrestige

Figure 5. The Matrix Pairwise Comparison Screen ...

A number in the matrix is a dominance judgment. Blue indicates the element listed at the left is dominant (more important, more preferred,...) than the element
listed at the top. Red indicates that the element listed at the top is dominant. A judgment of 1.0 means they are equal, a judgment of 3.0 means moderately or
three times as much (if you are dealing with measureables), and 9.0 means nine times as much. You should group your elements into homogeneous clusters so
that it is not necessary to use a number larger than 9.

The Fundamental Scale for judgments is shown in Table 1.

Table 1. The Fundamental Scale for Making Judgments
Equal

Between Equal and Moderate

Moderate

Between Moderate and Strong

Strong

Between Strong and Very Strong
Very Strong

Between Very Strong and Extreme
Extreme

O O|N[O|O| AW N
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When a number greater than 9 is suggested by the inconsistency checking, this means that the elements you have grouped together are too disparate. You may

input a number greater than 9, but perhaps you should re-organize your structure so that such a comparison is not required. It will do no great damage to allow
numbers up to 12 or 13, but you should not go much beyond that.

0 Click on the Computations, Show New Priorities command to see the results of this pairwise comparison shown in Figure 6.

Priorities _ O]

The incongigtency index iz 0.OEBE. Itis
deszirable to kave a value of less than 0.1

1Price 0433231 iml

2hiles per ™ 0134334

IPrestige nod The inconsistency
index is shown here.
At 0.065 it is less
than 0.10 so no

correction of

ACornfort 029

judgments is

Okay IT

Figure 6. The Results of the Pairwise Comparisons

Here the inconsistency is 0.0656, so it is not necessary to correct any judgments.

0 To see the judgment that is most inconsistent click on the Computations, Most Inconsistent (ala Expert Choice) command.

DIFFERENTIATING BETWEEN OBIJECTIVES AND CRITERIA

Often the words criteria and objectives are used interchangeably. A criterion is a principle or a standard that things are judged by while an objective is
something that is sought or aimed for. The elements in a cluster may be thought of as objectives, or as criteria, depending on the model you are creating.
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EXERCISE ONE - BUILDING A HIERARCHICAL MODEL

In this exercise you will build a model and perform pairwise assessments throughout. You will then synthesize to get your results and perform sensitivity analyses.

*  Your goal will be to find the best solution for energetic rehabilitation in historical building

Main Criteria of evaluation might be:

e Assess the impact of the proposed interventions in the light of the international conventions of conservation (Restoration Charts).
e Assess Energy efficiency

e Assess the environmental compatibility

e Assess the economic budgetary feasibility

CREATING A MODEL TO PICK THE BEST SOLUTION FOR ENERGETIC REHABILITATION IN HISTORICAL
BUILDING

o

Super Decigions

Double click the SuperDecisions shortcut icon on the desktop:
or click the Windows Start key, select Programs, select SuperDecisions program group and then select SuperDecisions. A blank Main Window will appear

CREATE GOAL, CRITERIA AND ALTERNATIVE CLUSTERS

e From the Main Window menu, select Design > Cluster > New to create the first cluster. The new cluster dialogue box will appear as shown in Figure 7.
0 Shortcut: Press <Shift> <n> simultaneously, that is, capital letter N, with your cursor located on the background of the Main Window.
e Start the names of the clusters with numbers to control their order as they are displayed in alphabetical order in the supermatrices.
e Type Goal for the name and “This is the goal cluster, the top level in a hierarchical model” for the description. Select the “Create Another” button to create

the next cluster. To change the font click on the buttons under Main Font and make your choices from the dropdown menus. For the model to appear as it
does in Figure 3, set the main font to New Times Roman, 28, Bold Italic.
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B e diting cluster GOAL =13

Change the values far the cluster
UEOAL"

This iz the goal cluster, the top level in
a hierarchical model
Dezcription:

e Type Criteria in the new cluster dialogue box with the description “Criteria for selecting a vacation place,”
and again select the “Create Another” button to create the next cluster.

F ain Fonk

tirmes —l| 24 —l| Marmal —l|

e Type Alternatives with the description “Alternative vacation places” and click the “Save” button to save and
terminate the process of adding new clusters.

Sample Text

leamn Fant

times —l| 13 —l| Marmal —l|

Arrange the clusters as shown below by clicking on the title bar and dragging.

Sample Text
lcon: Blank lcon  Change lcon
Calor: Change Calor
Save Cancel

B Super Decisions Main Window: Unnamed file 0

Figure 7. New Cluster Dialogue Box. e e T T T

BEHSE  Aeachacesm B

%

= GOAL =Bl

| m| gEI
= Criteria  =lak :
Criteria . Click on button at
] bottom corner and drag
< i = to resize cluster window.
|= Alternatives Bi[=[E3

12

<




CREATE THE ELEMENTS INSIDE THE CLUSTERS

Intelligent Energy Europe

e Select Design, Node, New then select Goal from the list of clusters that appears to show you wish to enter the element in that cluster.
e Enter “energetic rehabilitation in historical building” in the Name field and a description in the Description field. To pick a background color for
the node click on the “Change Color” button and select a color. Select the font you prefer. Press Save to end the process of entering nodes in this

cluster.

0 Shortcut to create new node: Locate your cursor on the background of the
goal cluster window and press the letter <n>.

0 Another shortcut to create new node: Right click on the background of the
cluster to get a drop down menu of commands and select “create node in
cluster”

Add the nodesand their descriptions to the other clusters:
o  Criteria Cluster
0 Conservation: Assess the impact of the proposed interventions in the
light of the international conventions of conservation (Restoration
Charts).
0 Energy efficiency : Assess Energy efficiency
0 Environmental compatibilita: Assess the environmental compatibilita
0 Economic feasibility: Assess the economic budgetary feasibility

= Editing node energetic re... [ZI[EI[‘S_TI

Change the values for the node energetic
rehahilitation in higtoncal building”’, in cluster
"EOAL"

M ame:

Description:

energetc riehabilitation in histarical bui

energehic rehabilitation in histarical buil
ding

times —l| 16 —l| Mormal —

k ain Font

matnple Text

lcor: Blank lcon  Change loon

Color: - Change Colar

Save Cancel
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e Alternatives Cluster
0 In the alternative box, we type some differenti kind of reahabilitation
0 in this tutorial, we consider some proposal for energetic; for instance: Geotermia, ventilconvettori, isolamento tetto con pannelli,
isolamento strutture in elevazione con intercapedine, stufe e camini, tegole fotovoltaiche... .

E Super Decisions Main Window: SECHURBA 2. mod |Z||E|[g|
File Design Assess)iCompare Computations MNetworks Help

ZHES & i 3<h A<B Syn '*'ﬁ

| GOAL -|of=
_ Click on top left corner
n/ for menu. Select
|| Criteria ol x Organize Nodes to line
; s o

up the nodes and find

Conservation I Economic feasibility I Energy efficency I Environmental compatihility I any that may have

/ disappeared from view.

.| <« Alternatives |0

genterm.ial cenirale gasolio I centrale metano l

pannelli solari I

stufe e cam.in.il tegole fotovoltaiche I

impiant cogenerazione I
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CONNECT THE ELEMENTS

No lines connect the clusters yet because the elements within them are not connected.

TO CONNECT THE GOAL NODE TO THE CRITERIA NODES:

e Select Design > Node connections from. In the list that appears click on the node named Goal that is to be the parent or source node. In the list
that now appears, left click on the criteria nodes to select them.

0 Shortcut: To connect using the “Make Connections” icon ‘“_iﬁ‘ , left click on the icon to depress it and turn on the connections mode,
then left click on the source node and right click on each of the nodes it connects to. To turn off the connections mode, right click the icon
again to un-depress it.

O Shortcut: To disconnect, left click on the source node and right click on any of the nodes that are outlined in red (that were previously
connected to it) to disconnect.

TO CONNECT THE CRITERIA TO THE ALTERNATIVES:
e Select Design > Node connections from. In the list that appears click on the node named “Conservation” that is to be the parent or source node. In
the list that now appears, left click on all the alternatives to select them.
e Connect the rest of the criterion nodes to the Alternative nodes in turn.

SHORTCUT FOR CONNECTING ALL THE NODES IN A CLUSTER AT ONCE:
e Press the <Shift> key and hold it down while left clicking on one of the nodes in the cluster. This selects all the nodes in that cluster as source
nodes. (Make sure the “Make Connections” icon is turned on, that is, depressed).
e Move to the cluster with nodes to be connected from the source nodes, press the <Shift> key and hold it down while right clicking on
one of the nodes in the “to” cluster. This selects all the nodes and connects all the previously selected source nodes to them.
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THE COMPLETED MODEL

! Super Decisions Main Window: SECHURBAZ.mod
File Design Assess/Compars  Computations Metworks  Help

FR&Z Al ach A<B Sy 1LE

L GOAL ol

gt sbaiioion s vn |
/

1 Criteria =|olx

Comemﬁnnl Fconomic fnasihi]ityl Energy eﬂil:encyl Emvironmental l:nm]mtihi]ityl

i
| Alternatives = k3

geuhrmial cenirale gasul.inl cenirale metano I

pannelli snhril

stufe e mminil tegole fotovoliaiche I

impianti cogenerazione I

THE NODE MENU FOR RENAMING NODES, REMOVING THEM, MAKING AND HIGHLIGHTING CONNECTIONS, AND ENTERING THE COMPARISON MODE:

e Right click on a node to get its dropdown menu shown below from which you can perform operations on that node:

Edit node e
Remove node r

Mode connexions from F2

Hilight nodes connected to this one F3
Hilight nodes connected fram this one F4
rhighlight Modes Shift-F4

Mode compare interface F&

b akedshow zubnetwork

Remove subnetwark.
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SAVING YOUR MODEL

These commands for saving a model are located on the File menu.

File, Save saves a copy of your model in the directory you designate as a file with the extension .ahp

File, Save As is used to save your model under a new name. The old file is closed and you continue working in the new file. It is useful to save
successive versions such as carl.ahp, car2.ahp, car3.ahp and so on about every 30 minutes so you always have a recent copy you can restore in
case of an unforeseen problem.

File, Advanced Save can be used to compress models to a smaller size file with the extension .mod.gz. Such models can be opened in the usual
way with the File, Open command, but it may take a little longer.

File, Configure, General tab Go to the General tab in the configure dialogue box to set the automatic saving interval for models. The un-do
command is currently disabled.

Next you will learn how to make judgments or pairwise comparisons about the criteria and alternatives in your model.

ASSESSMENTS / PAIRWISE COMPARISONS OVERVIEW

One of the major strengths of the AHP is the use of pairwise comparisons to derive accurate ratio scale priorities, as opposed to using traditional
approaches of "assigning weights" which can also be difficult to justify.

Pairwise comparison is the process of comparing the relative importance, preference, or likelihood of two elements (for example, criteria) with respect to
another element (for example, the goal) in the level above to establish priorities for the elements being compared. Pairwise comparisons are carried out

for all the parent/children sets of nodes.

The nodes that are to be pairwise compared are always all in the same cluster and are compared with respect to their parent element, the node from
which they are connected. This results in “local priorities” of the children nodes with respect to the parent.

Select the Assess/Compare, Node comparisons command to start the comparison process.
If a node has been selected by clicking on it prior to starting the comparisons, that node will be the parent node in the first set of comparisons to come up.
If no node has been selected, the first node in the first cluster will be the parent. The parent node and the cluster where the children nodes are located are

specified in the node comparison dialogue box that appears.



Click on the Do Comparison button to start the comparison process.

The pairwise comparison process starts in the mode that was last in use, or in the Questionnaire mode the first time. There are four pairwise comparison
assessment modes. To switch from one mode to the other click on the tab at the top. When a judgment entered in one mode is recorded in one mode,

the same judgment is recorded in all the modes. Calculations are based on the numbers in the Matrix mode (the Questionnaire mode always shows whole

numbers, and no numbers are shown in the Graphic and Verbal mode)

E Hode Comparisons

File Help

Cluzter: Criteria

|2 thiz comparnizon complete?

™ Yesl
i+ Mol

@ FREY Do Comparnizon |

HE=T

Intelligent Energy

Comparisons are made
with respect to the parent
node listed here.

The children nodes that are
to be pairwise compared are
in the cluster listed here.
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e Questionnaire In this mode, select the judgment on the side of the most dominant member of the pair, that is, the most important, if it is a
criterion as shown below, or the most preferred, in the case of alternatives. To invert the dominance order click on the same judgment on the
other side of the 1 in the row, nearer to the more important, or more preferred node.

QUESTIONNAIRE MODE

L™ 0 P d 0 grerge endapn dl]10 0 dl D ( O gde g d E-m

File Computations  Misc. Help

Glaphicl Verball Malli:-tl [uestionnaire I

Companizons wit ""energetic rehabilitation in historical building”' node in "Critenia®’ cluster
Ernergy efficency iz equally az important az Enwvironmental compatibility

1. Conserwvation >=9.5|9|8|?|8|5|4F 2| |2|3|4|5|8|?|8|9 ==3.5 | No comp. | Economic feasibility

2, Conzervation >=9.5|9|8|?|8|5|4|3|2r 2|3|4|5|S|?|8|9 ==3.6 | Mo comp. | Energy efficency

3. Comservation :==9.5| 9| al?l sl 5|a|3| 2| E 3|a|5| sl?lal 9|\ =05 Mo eemp. | ETHIrEmmETE]
cormpatibility

4. Economic feasibility >=9.5|9|8|?|B|5|4|3|2| |2 3 4|5|B|?|8|9 ==3.5 | Nocomp. | Energy efficency

5. Econamic feasibility >=9.5| 9| sl?l al 5|4|3| 2| I: 3|4|5| sl?lsl g ==95| Nocomp, | Evirenmental
compatibility

Ernvwironrmertal

5. Energy efficency campatibility

To show the priorities derived from any of the comparison modes, select Computations > Show new Priorities from the comparison screen
menu.

E Priorities '-_| |'E| El
The inconsistency index is 0LO0ES. tis
dezirable to have a value of less than 0.1

Conservation 0.304957
E conomic feazibility 0113147
Energy efficency 0.2304957
E revironmental 0276540
caompatibility :
I:Ika_l,ll
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To exit from the comparison mode, click on the “x” in the upper right hand corner, or select the File Close command.

¢ Numerical judgments are made in a matrix using a nine-point scale that represent how many times one element is more important than another.
The arrow at the left of the entry points to the dominant element. To switch which element is dominant, left double-click on the arrow.

NUMERICAL OR MATRIX MODE

¥ Comparisons wrt "energetic rehabilitation ... |'._||E|f5__(| Arrow points
to dominant
File Computations  Misc. Help element.

Graphic | Werbal | Matrix  Guestionnaine

e in "'Criter

Comparizons wit “energetic rehabilitation in histarizal buildin
a" cluster

|n|:|:|n3i3ten|:_|,|| Zconomic feazibili] =

Conzervation

E reviranimental

efficency compatibility

Double click arrow
to change
dominant criterion.

conamic feasibilib

=nergy efficency
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e Verbal judgments are used to compare factors using the words Equal, Moderate, Strong, Very Strong, Extreme. Equal requires no explanation.
Extreme means an order of magnitude — about 9 or 10 to 1. Judgments between these words, such as Moderate to Strong are also possible. In
the verbal mode the node mentioned first is the dominant one. To invert click the “Invert Comparison” button at the bottom of the screen.

VERBAL JUDGMENT MODE

] Comparisons wrt “energetic rehabilitation in historical buil... EHE\E‘

File Computations Misc. Help

GfﬂDhICI “erbal Malﬂxl Questionnaire

Camparizons wit “energetic rehabilitation in historical building'' node in "Criteria" cluster
Canservation is moderately more important than Environmental compatibility

Extreme _I—

A To invert judgment click

on the “Invert

Strongly

Comparison” butto n

Moderstely

Equal

Irvert Comparizan

e Graphical judgments are made by clicking and dragging the pie slice to change the relative size of the pie slice to the circle and the relative length
of the two bars until it represents how many times more important one element is than the other.

GRAPHICAL JUDGMENT MODE

E Comparisons wrt “energetic rehabilitation in historical buil...

File Computations Mise.

Graphic \v’erba\l Malnxl E!uestlonnalrel
Conservation

Environmental compatibility

Na comparisen
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MISCELLANEOUS MIENU IN COMPARISONS WINDOW

= Comparisons wrt “energetic rehabilitation in historical buil... |Z||§|r‘5__<|

File Computations  Misc.

Graphic Werbal | Mat
Conservation

Direct data entry
Comparison words
Restore Initial Values

Economic feasibility

Mo comparison |

o Select the command Direct data entry to directly enter data values that are converted to priorities by summing and dividing each entry by the
total (normalizing to 1).

[ Direct Data In... |'._ 'E|rg|
Pleaze input the

priorities far

each node

directy here.

Conzervation
E conomic fe™ [0.113
Enemgy effi™ |0.305

E rnvironment™ | 0. 27

Save and Cloze | [T Inverted Cancel
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CHANGING THE PAIRED COMPARISON TYPE

There are three different paired comparison types, Importance, Preference and Likelihood.
Or you can select Other and enter a word of your own choosing. Importance is most appropriate when comparing criteria or criteria. Preference is
appropriate when comparing alternatives with respect to a criterion. Likelihood is appropriate when comparing the likelihood of uncertain events or

scenarios, such as in risk analysis.

e Select the command Misc./ Comparison words to change the comparison type.

Comparizon Word _ O

Chonze the tupe of comparizon you wigh
to do.

& Importance
" Prefenence

" Likelihood

= Other [impartart

Save and cloze Cancel
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CHECKING INCONSISTENCY

The inconsistency measure is useful for identifying possible errors in judgments as well as actual inconsistencies in the judgments themselves; this is
accessed from the Priorities Window.

Inconsistency measures the logical inconsistency of your judgments.

For example, if you were to say that A is more important than B and B is more important than C and then say that C is more important than A you are not
being consistent. A somewhat less inconsistent situation would arise if you would say that A is 3 times more important than B, B is 2 times more important
than C, and that C is 8 times more important than A.

In general, the inconsistency ratio should be less than 0.1 or so to be considered reasonably consistent. To find out which judgment is most inconsistent
select the Computations/Most inconsistent to have it highlighted. Regardless of the mode you are in when you select that command, you will be taken to
the Matrix mode. You will then be asked if you want to see the value that would make that judgment most consistent with the rest.

MENU FOR CHECKING INCONSISTENCY IN COMPARISON WINDOW
Companigons for “2Criteria Cluster” wit "Goal Mode™ !E[E

File Computations  Mizc. Help

Grepl— - - - == = == |

I_mcm Shiow new priorities -
Icdleal priarities

e Mostinconsistent (ala Tom)

¢ Mostinconsistent (ala Bill

— S
2¢

i Printlr:"la’rri}{ -

You may then “Show the Best Value”.
You can enter the suggested value, or some other judgment that you think fits better, by typing it in, or leave it as it is.
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MAKING THE JUDGMENTS

Since judgments about the relative importance of the criteria may depend on the alternatives being considered, by making the judgments "bottom up",

that is first for the alternatives, then for the criteria, you can be more informed on how important the criteria really are. However, for illustrative

purposes, we will make judgments "top down" in this tutorial.

JUDGE THE CRITERIA WITH RESPECT TO THE GOAL NODE

1.

2.
3.

From the Main Screen, left click the Goal (until depressed).

Select Assess > Compare > Node from the menu or a<h on the shortcut bar.

Click the “Do Comparisons” button to get into the comparison mode. You may use any of the modes: questionnaire, verbal, matrix or
graphical.

After making the judgments select Computations, Show new priorities.

If your inconsistency is more than 0.10, select Computations, Most inconsistent ala Expert Choice to find out where it is. Then modify your
judgments to improve your inconsistency.

Close the comparison model to return to the comparison navigator

E Mode Comparisons

File Help
With respect to node: B conomic feasibility

Cluster: Alternatives

|z this comparizon complete?
ezl
& Mol

PREY Do Comparisan | MEXT 73

JUDGE THE ALTERNATIVES WITH RESPECT TO EACH OF THE CRITERIA NODES

1. Click “Yes” to mark the criteria comparisons with respect to the goal as complete. Click the Next button to move to the first criterion,
and click the Do Comparison button to get into the comparison mode for the vacation places with respect to the first criterion.
2. Continue the process until all the judgments are finished.
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CHECKING COMPLETED COMPARISONS

To show which comparisons have been completed left click the “Show Node Comparisons” icon E and hold the cursor over the “parent node”, in this
case the Goal, to have clusters with completed comparisons outlined in red.

VIEW WITH “SHOW CONNECTIONS” ICON TURNED ON

= Super Decisions Main Window: SECHURBA 2. mod |Z| |E|r5__(|
File Design AssessfCompare Computations  Networks  Help

EH&S & Al a<h A<E Sy 1LR

a GOAL -|olx| Turn on “Show Connections” icon

s s | | 2 by cting on o ot

cursor over “parent” node to have

/ clusters containing its children nodes
- r for which comparisons have been
= Criteria -[0]x completed outlined in red.

Conservation I Economic feasihility I Energy efficency I Environmental compatibility I

e
u Alternatives -|olx

geotenn.ial centrale gasolio I cenirale metano I

pannelli solari I

stufe e ca.m.i.nil tegole fotoveltaiche I

impianti cogenerazione I




Select the Computations/Synthesize command, or click the shortcut icon S

SYNTHESIS - GETTING THE RESULTS

The results for the alternatives are obtained with the Synthesis command in the Main Model View.

Intelligent Energy Europe

to see the final results:

RESULTS FROM THE SYNTHESIS COMMAND

B New synthesis for: Super Decisions Main Window: SECH...

Decisions Main Window: SECHURBA2.mod

=1E

Here are the overall synthesized priorities for the
alternatives. You synthesized from the network Super

MName | Graphic

centrale gasolio |

cenvalemetonc |

gectermia (I

impianti cogenerazione |_

panneli solar I

stufe & camini I

tegale fotovaltaiche |_

Okay | Copy Yalues

|deals

MNormals

Rau

0.583333

0103621

0.05481°

0.747603

0138320

0.06346(

1.000000

01855320

n.032910

0636101

0118200

0.053100

0.765330

0142306

0.07115:

0.834156

0155003

0.07750°

0.8075933

0150130

0.07506F

The Normals column presents the results in the form of priorities. This is the usual way to report on results. The Ideals column is obtained from the

Normals column by dividing each of its entries by the largest value in the column. The Raw column is read directly from the Limit Supermatrix. In a
hierarchical model such as this one the Raw column and the Normals column are the same.
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SENSITIVITY

Select the Computations Sensitivity command to get into the sensitivity module.

It is necessary to set the independent variable to see a meaningful sensitivity graph.

There is one line for each alternative in sensitivity windows. In the software they are color coded so that it is easy to see which line corresponds to each
alternative, but here in black and white they look the same.

OPENING SCREEN IN SENSITIVITY MODULE FOR VACATION EXERCISE

Sensitivity analyziz for Super Decizsions Main Window: Va__. [l[=E B3

Dirnensions
109

endent Wariahle

10.8
Extra Params

1%7  Update Plot

106

10.5

10.4

10.3

10.2

101

0.1 nz 03 04 05 0B 07
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SENSITIVITY INPUT SETTINGS

Sensitivity input selector [l[=] E3 Remove Activities, the

Prricriby: 1Ackivities automatically selected

New Independent Variable by

_ first selecting it, then
— / clicking the Remove
Remove button.
kove Down

il
1| | ¢

|lpdate [Done

Click the New button in the Sensitivity input selector. The New Parameter dialogue box shown below will appear. Set the new parameters as shown below.
e C(Click on Parameter Type button and choose Supermatrix (type 2). The Network is correctly set to O for a hierarchical model.
e C(Click on the Wrt (With respect to) Node and select Goal. Set Start to .01 and end to .99. This is necessary only for hierarchical models as including the
actual endpoints of the interval, 0 and 1, gives a meaningless graph near the endpoints.
e Click the Done button on the New parameter box, then click the Update button on the Sensitivity input selector.

E Edit parameter '-_ EI[E
Parameter Type: i =l
M ebwork: ] —

Wit Mode:  energetic rehahilitation in hiztorical building  —

1zt ather node: Consersation —
Start: | 0.0007

End: {0.9339
Stepsz |6

Du:nnel Eancell
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THE SENSITIVITY GRAPH FOR ACTIVITIES

o e e Ay sl ] The priority of Activities is plotted on the x axis and the

Fle Edit Help priorities of the alternatives are plotted on the y axis.
1.0
08 Click on the blue vertical line and drag it to change the

priority of activities.

; You can then read the corresponding values for the

07 alternatives from the intercept points of the vertical line
; with the alternative lines.

ne

&
05 You can explore sensitivity for the other criteria by
0 § returning to the Parameter Selection dialogue boxes and
resetting the parameters.
03
02 Select the File Save command and enter a name such as
— —— ActivitySensitivity.xls to save the data from which the
IH .
""" : graph is constructed.
01 0z 03 04 DEE 0E 07 0se 09 1.0
Expeniments
E—— > = Load Excel and select File Open to import the file using the
gstufeecamini 1 E Excel Wizard. Keep clicking okay til the import finishes.
tetto ventilato e isolamento con pannelli 4 v
< >

Fricrity: Conzervation 0.9999
b atrix: energetic rehabilit: |0.5
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THE SUPERMATRICES

The priorities derived from the pairwise comparisons are entered in the Unweighted Supermatrix.
Select the Computations/Unweighted SuperMatrix/ Graphical to see how the priorities that were derived in the comparison process appear there.

= Super Decisions Main Window: SECHURBA2.mod: Weighted Super Matrix
Alteratives Criteria
Cluster -
Node i . .| tegole _tettlo venttllaloe ventilconvet | Congzervatio E ic feashilit Energy Enviranmenta
Labels stule & Caminn |- gt - voltaiche Egnann;ﬁin R T n Conamic feasbility efficency | | compatibility
tegole 0.000000 0.000000 0.000000 0.000000 0165738 0124535 0.155834 0100413
fatovaltaiche
Altemat tetta ventilato &
ves isolamenta con 0.000000 0.000000 0.000000 0.000000 (0190976 0.030267 0100115 0.062350
pannell
tV;i”‘“w“"e‘ 0.000000 0.000000 0.000000 0.000000 | 0154398 0.097393 01258537 |  0.056132
E””Se“’a‘m 0.000000 0.000000 0.000000 0000000 | 0.000000 0.000000 0.000000|  0.000000
E conomic: feasibility 0.000000 0.000000 0.000000 0.000000 (0.000000 0.000000 0.000000 0.000000
Criteria Energy
efficency 0.000000 0.000000 0.000000 0.000000 (.000000 0.000000 0.000000 0.000000
IE”V"U””.’?U‘& 0.000000 0.000000 0.000000 0.000000 (.000000 0.000000 0.000000 0.000000
compatibility
GOA energetic
L rehabilitation in 0.000000 0.000000 0.000000 0.000000 (.000000 0.000000 0.000000 0.000000 j
historical building
| |
Dione

The results for the alternatives are obtained with the Synthesis command in the Main Model View.

Select the Computations/Synthesize command, or click the shortcut icon 3K to see the final results:

B New synthesis for: Super Decisions Main Window: SECH... D@
~

Here are the overall synthesized priorities for the F
alternatives. You synthesized from the network Super
Decisions Main Window: SECHURBAZ2.mod

Name | Graphic Ideals [Normals| Raw
cenliale gasolio | 0533933 0103621 |0.05481°
centiale metana | 0747603 0138920 | 0.06346(
geotermia | I 1000000 0185820 0092910
impianti cogenerazione | IEGCGTNTNGNGNG 0636101| 0118200 |0.05910(

pannell solari ] 0765530 0142306 |0.07115.
stufe & camini ] 0834156 0155002 |0.07750°
tegole fotovalziche | NN N NN 0207933 0150120 | 0.07506¢

Okay | Copy Yalues w
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Reference: Rozann W. Saaty (2003), Decision making in complex environments, www.superdecisions.com.

CNR - Research group and contacts

Luciano Cessari — Project manager - luciano.cessari@itabc.cnr.it
Elena Gigliarelli — Coordinator - elena.gigliarelli@itabc.cnr.it

Cinzia Bacigalupo — Project developer - cinzia.bacigalupo@itabc.cnr.it
Alessia Cerqua — Expert - alessiacerqua@yahoo.it

Alessandra Piccoli — Project assistant - piccolialessandra@yahoo.it

http://lwww.cnr.it
http://www.itabc.cnr.it
http:// www.castellodizena.it
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SECHURBA - WP3

Energetic Rehabilitation in Historical Building — a Multicriteria Approach

The purpose of this report is to identify and illustrate a simple decision model for evaluation the compatibility of energy projects in historical
buildings. The method of evaluation used is “Analytic Hierarchy Process” (AHP), a multi-attribute decision approach. It integrates quantitative and
qualitative information in a hierarchical structure in such a way that decision-makers can evaluate all the alternatives in a complex decision
problem.

Fundamentally, AHP works by developing priorities for goals in order to value different alternatives. This multi-criteria method has become very
popular among operational researchers and decision scientists. Basically, AHP has methodological tools for (1) structuring the decision problem,
(2) weighting criterions/goals and alternatives and (3) analyzing judgment consistency.

THE ANALYTIC HIERARCHY PROCESS

The Analytic Hierarchy Process (AHP) was developed in the early 1970’s by Thomas L. Saaty of the University of Pennsylvania and has since come
into the mainstream of conventional Multicriteria decision analysis. It constitutes a comprehensive method of evaluation to support decisions for
which both quantitative and qualitative attributes are relevant.

The following is a description of the structure and application of the AHP; it is given to explain the theoretical foundation for a tool developed to
support the “Energetic Rehabilitation in Historical Building” decisions.

The AHP has four major features: (1) It decomposes a complex problem into its constituent elements and orders them into a “hierarchy”, or
classification system; (2) it uses pairwise comparisons to establish priorities among elements in each level of the hierarchy; (3) it provides a
measurement theory to estimate the relative weights of the elements; and (4) it aggregates the relative weights to derive a single overall rating
for each decision alternative.

THE HIERARCHY

The AHP decomposes the factors of a complex decision problem into groups according to properties they have in common and arranges these
groups in a hierarchical way. Each level of the hierarchy consists of a controllable number of elements, which again may be decomposed into
another set of elements at the next lower level.
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in Historic Urban Areas

For example, the goal “Energetic efficiency of rehabilitation strategy and action in historical building” appears at the top of the hierarchy in Figure
1. The next lower level lists factors contributing to the goal, such as “Assess to international conventions of conservation” “Energetic
effectiveness”, “Environmental sustainability” and “Economic feasibility”. These in turn serve as criteria for selecting among rehabilitation
alternatives.

THE PAIRWISE COMPARISONS

In the absence of quantitative data indicating the importance - or preference - of one element over another at a given level, a procedure of paired
comparisons may be used. Each pair of criteria is compared with respect to each element in the level above to which they both contribute. For
example, “alternative A” may be compared with “alternative B” or “alternative C” with respect to its relative contribution to “Assess to
international conventions of conservation” “Energetic effectiveness”, “Environmental sustainability” and “Economic feasibility”.

When making pairwise comparisons, in addition to determining the preference of one element over another, the decision-maker expresses the
intensity of that preference. Table 2 (pag. 18) shows an “intensity of importance” scale developed by Saaty. Saaty has demonstrated that only the
whole numbers 1 to 9 are needed to indicate the intensity of preference, with a 1 meaning that the two items being compared are of equal
importance and a 9 meaning the first item is extremely more important than the second. Table 2 shows also how the AHP translates verbal
judgments ranging from “equal importance” to “extreme importance” into intensity scores of 1, 3, 5, 7, or 9, with 2, 4, 6, and 8 as intermediate
values between adjacent judgments. The solution technique of the AHP takes as inputs the values generated by the pairwise comparisons and
produces as outputs the relative weights of the hierarchy elements.

A SIMPLE MULTICRITERIA DECISION MODEL FOR THE EVALUATION OF THE COMPATIBILITY OF ENERGY PROJECTS IN HISTORICAL

BUILDINGS.

A Multicriteria approach for evaluation of the compatibility of energy projects in historical buildings must be rigorous in concept, but
straightforward to apply. It is not designed to replace expert judgment but rather structured for decision-makers to make more transparent and
consistent decisions. While the final decision will be made based on the performance of alternatives, a well-defined criterion set and preference
are key influential factors and should be prepared in advance.
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The Multicriteria Decision model proposed for evaluating the compatibility of energy rehabilitation systems in historical building is basically
articulated in :

1. Define the problem or issue: building and site analysis and diagnosis.

2. Define the main goal and the evaluation criteria and sub criteria - to compare the different proposals for evaluation — and to structure them
into a hierarchy.

3: Suggest proposal for energetic rehabilitation (expert based approach)

4: Building the AHP hierarchy and measurement of data collection.

5. Final scoring and ranking of alternatives.

1: DEFINE THE PROBLEM OR ISSUE

A certain amount of information is necessary to develop a decision model. For an energetic rehabilitation on historical building, the key aspects to
consider are: location information (climatic zone, degree day, latitude, solar irradiation, etc.); building typological data; building dimensional data
(usable space, volume, wasting surface, heating volume, etc.); building historical data; installation systems (heating, ventilation and cooling
system, energy production, emission, etc.); building envelope (lighting, exterior walls, power system, water heating, etc. ); energy use and
demand (energy requirement for heating, hot water generation and cooling, etc.); heating and lighting systems; possible weak points in the
building in terms of energy-efficiency (for instance: little or no thermal insulation of the exterior wall; thermal bridges; little or no roof/top floor
thermal insulation; little or no thermal cellar ceiling insulation; outdated/defect heating system; outdated/defect windows; etc.).

The building data included expert interviews, environmental and historical research, analysis of maps and aerial photography, etc.

For collecting building information, in this step, each partner have to assemble an expert team: a suggested team, for this analysis, include
building technicians (architects, engineer, restorers, plant engineering, designer, etc.).

To assist partner in analyzing building and site, a checklist has been developed by the CNR research group. The proposal draft (check list T3.A) is
organized in different sections containing information regarding building, environmental data, climatic data, structural elements analysis,
energetic data (thermal and hydrometrical building material features), data on existing building plant, and a final list to check the building energy
performance and needs.
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The check list is divided in 7 section:

Section 1: General data. In this section, the expert have to describe the building, and to indicate real estate, year of building, typology, type of use,
listed building, etc..

Section 2: Climatic data: In this section, the expert have to describe the climatic data (daily degree, external temperature, building solar
orientation, rainy conditions, roof exposure, etc.).

Section 3: Structural elements: in this section, experts have to describe the structural elements of building, indicating their importance from
historical point of view and their conservation state.

Section 4: Energetic data: experts have to describe elements of building, indicating material, dimensions, energetic efficiency, presence of weak
point, reparability, etc.

Section 5. Building Energy Balance: experts have to indicate surfaces, volumes (heated and non — heated), external wall transmittance, energy
transfer index, energy building class, etc. This section is important to evaluate energetic efficiency of building, and is useful to compare this
section before and after the energetic rehabilitation of the building.

Section 6: Existing building plant: experts have to describe the existing plant (cooling plant, heating plant, lighting plant, ventilation plant) and to
indicate the plant efficiency (if in good state, suitable, inadequate, not present, by checking the correspondent box), e their importance.

Section 7: Energy performance requirements and needs: experts have to check the building energy performance requirement and indicate their
efficiency (good state, not suitable for requirements, inadequate by aesthetical view, not present) and their importance in the building use
(significant, not important).

In addition to completing this check list, the experts should make a detailed photographic analysis of building and site, to have immediate visual
information that may influence the final evaluation of the proposal.
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2: DEFINE THE CRITERIA AND SUB CRITERIA AND STRUCTURE INTO A HIERARCHY

In order to obtain preference structure, the CNR research group carried a preliminary analysis to define comparisons criteria for evaluating
different proposal of energetic rehabilitation in historical building. This step was based on a screening of international documents and tools for
evaluation energetic effectiveness, restoration techniques and charts, historical rehabilitation, etc.

The CNR research group, then, defines 4 comparison criteria to evaluate the energetic efficiency of rehabilitation strategy and action in historical
building:

Assess to international conventions of conservation;
Energetic effectiveness
Environmental sustainability

Economic feasibility.

As a result, we ended up with four criteria, comprising a total of 12 sub-criteria in the hierarchy structure:



SECHURBA - WP3

Energetic Rehabilitation in Historical Building — a Multicriteria Approach

Sustainable Energy
nities

Commul
in Historic Urban Areas

energetic rehabilitation in historical building

Assess intenational i :
; Energetic Environmental Economic
conventions - = s
effectiveness Sustainability feasibility
of conservations
. Minimize
_Reversebwlwt Energy 4 )
_— . environmental - Low cost
canservation
pollution
Compatibility between —
newand older Max energy Use renewable Minimize
performance resource yard timetable
[ Minimum intervention Retrurn capital
inrelation to costs
Legibility of new waorks
Sustainability
Figure 1.

After defining the comparison criteria, the next step involves the development of the hierarchy structure. In this step, a hierarchical analysis is
carried out by the CNR research group. The completion of this step results in answering the following questions: “What are the sub criteria that
can be applied to this context?”, “How are these sub criteria classified into criteria?”, “How can these sub criteria and criteria be arranged into a
hierarchy?”

Table 2 shows the set of pairwise comparisons and the priorities calculated from them. Recall that pairwise comparisons are made on the basis of
verbal comparisons, and translated into their associated “intensity of importance” scores for entry in the judgment matrices. For example, when
comparing Assess to international conventions of conservations relative to the other criteria, the CNR expert team made the judgment that Assess
to international conventions of conservations are more important than Energy efficiency and Environmental sustainability, but that Energy
efficiency, is equally as important as Economic feasibility, and strongly more important than Environmental sustainability.

The criterion Assess to international conventions of conservations receives the highest priority (0.46) relative to the other criteria. Energy
efficiency has the second highest priority (0.24). Environmental sustainability has the same (0.15) than Economic feasibility.
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CRITERIA SUBCRITERIA PRIORITY
Assess the impact of the proposed Reversibility (interventions should be capable of being reversed in the
interventions in the light of the future where possible.)
international conventions of Compatibility between new and older materials and new intervention
conservation (Restoration Charts) with the historical and architectural features. 0.46
Minimum intervention (work should aim to keep as much historic
material as possible. Only undertaking work which is essential).
Legibility of new works against the existing (it should be possible to
distinguish new work from old).
Sustainability. (the principle that any change proposed to a building,
supports a sustainable future for the structure)
Assess Energy efficiency Energy conservation 0.24
Max energy performance
Environmental Sustainability Minimize environmental pollution 0.15
Use renewable resource
Economic feasibility Low cost 0.15
Minimize yard timetable
Retrurn capital in relation to costs
Total 1.00

Table 1. Evaluation criteria
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Sustainable Energy

3: SUGGEST PROPOSAL FOR ENERGETIC REHABILITATION ALTERNATIVES.

In the past year a number of technologies have been developed for energetic rehabilitation. In addition, depending on building conditions a wide
variety of alternatives are available. Due to the wide range of alternatives, a method for screening out some alternatives (prior to perform a
detailed analysis using decision support systems) becomes necessary.

In this step, according to the objectives of SECHURBA project, the partner will outline a program to exchange knowledge about energetic
rehabilitation alternatives in historical building

To foster the organization of common knowledge, the CNR research group prepared a check list draft (check list T1.C) that should be used by
each SECHURBA partner to suggest new rehabilitation techniques and/or strategies. This proposal draft is organized in different sections
containing information regarding energetic rehabilitation technologies and strategies and building element class. The main purpose of the Check
list is to create a RES and RUE database .

The technicians expert team of each partners have to analyze all available information on energetic rehabilitation in historical building. In this
step, the suggested expert team include building technicians (architects, engineer, restorers, plant engineering, designer, etc.) and producers.
Experts will examine their proposals individually, filling in an individual evaluation sheet with their comments and marks. The check list is divided
in 2 section:

Section 1) “RES — RUE TECHNICAL DESCRIPTION”. In this section, the expert have to describe the proposal of energetic rehabilitation in historical
building., and to indicate:

Building element class: The proposal are classified in accordance with building element class: Structures; outside wall; inside wall; standing finish;
windows and doors frames; roof; cover floor; ground floor.

Building performance: The proposal, then, are classified in accordance whit the building performance they improve: in this section, compiler have
to indicate the requirement (Rooms Heating, Rooms cooling, Lighting, Hot water heating, electric energy) and to indicate the technologies or
method used,

Performance class: The experts have to indicate the energy performance class of the proposal: insulation, heating/cooling; energy production;
energy saving; hot water production, water supply and reuse, ventilation; lighting; soundproofing.

Example: the expert have to suggest existing example, if available, and insert images and/or layout of the proposal.
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1. RES-—RUE TECHNICAL DESCRIPTION
Options T RES [ RUE
Building element | — o . I Outsidewall I Insidewall [ Standingfinish |~ Windows and doors frames ¥ Roof | Cover floor
class

I Ground floor
Building Requirement Technologies and/or methods
performance I~ Thermal inertia and heat insulation ™ Thermal plant [ Heatinertia

I Rooms heating

I Electric energy from renewable I Solar energy [ Other (describe)

I Rooms cooling [ Natural winding I Forced ventilation I Cooling plant

I Lighting [ Natural daylighting I Lighting plant

™ Hot water heating [~ Hotwater from renewable energy I Hotwater

I Electric energy I Photovoltaic system [ Cogeneration system I Other (describe)
Description
Firm production | Name: Web site:
references Address. E-Mail:
Plerfurmam:e I Insulation [~ Heating / Cooling | Ventilation [ Lighting [ Energy production I Energy saving
class

I~ Water supply and reuse [~ Hot water production [ Soundproofing
Example Image and/or layout

Section 2) “BUILDING PERFORMANCE RATING". In this section, expert have to evaluate the proposal made in accordance to 4 comparison criteria
(Assess to international conventions of conservation; Energetic effectiveness; Environmental sustainability; Economic feasibility) and relative sub-
criteria. The evaluation scale is based on qualitative judgment, quantified by fitting five different degrees of preference (very strong, strong,
medium, low, none).
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2. CHECKLIST FOR BUILDING PERFORMANCE RATING Criteria response
Criteria Sub — criteria Very Strong | Medium low None
strong

Assess the impact of the | Compatibility between new and older materials and new intervention the historical and r r r r r
proposed interventions in | architectural features
the  light of  the | Minimum intervention: Work should aim to keep as much historic material as possible r r r r r
|nternat|ona! conventions Reversibility: Interventions should be capable of being reversed in the future where r r r r r
of conservation .
(Restoration Charts) possible.

estoration Lharts Sustainability. The principle that any change proposed to a building, supports a sustainable r r r r r

future for the structure

Legibility of new works against the existing. It should be possible to distinguish new work r r r r r
from old
Assess Energy efficency Improving building energy efficiency r r r r r
Low energy consumption. r r r r -
Improving plant efficiency. r - - r -
Assess the environmental | Minimize environmental pollution r r r r r
compatibility Use of renewable energy sources r - r r -
Assess  the economic | Low cost r r r r -
budgetary feasibility Minimize times of building yard r - - - -
Minimize amortizable time r - r r -
Low consumption r - - r -

Let’s consider an example. Partner “A” technicians (architects, engineer, restorers, plant engineering, designer, etc.), make an energetic building
analysis (check list T3.A.) and found that historic building need improve the energy production performance. At the same time, it derive that one
of the critical element of the building is the cover floor, so it’s possible to substitute it using energetic producing technology and/or materials. The
partner “A” experts (technicians, - architects, engineer, restorers, plant engineering — and producers), suggest in check list T1.C. the following case
study that can be useful to achieve goal:

1. Building-integrated photovoltaic roofing.
2. Roof integrated photovoltaic module.
3. Thin film photovoltaic module.

4. Photovoltaic roof tiles.

In the following pages is shown the technical solutions proposed:
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Expert team have to evaluate each proposal in accordance to 4 comparison criteria (Assess to international conventions of conservation; Energetic
effectiveness; Environmental sustainability; Economic feasibility) and relative sub-criteria. The evaluation scale is based on qualitative judgment,
qguantified by fitting five different degrees of preference (very strong, strong, medium, low, none. For example, in the alternative 1, they give the

following evaluation:
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2. CHECKLIST FOR BUILDING PERFORMANCE RATING Criteria response
Criteria Sub — criteria Very Strong Medium low None
strong

Assess the impact of the | Compatibility between new and older materials and new intervention the historical and r r r v r

proposed interventions in | architectural features

the  light of  the | Minimum intervention: Work should aim to keep as much historic material as possible r r r v r

|nternat|ona! conventions Reversibility: Interventions should be capable of being reversed in the future where r r [~ r r

of conservation .

(Restoration Charts) possible.

estoration Lharts Sustainability. The principle that any change proposed to a building, supports a sustainable r v r - r

future for the structure
Legibility of new works against the existing. It should be possible to distinguish new work W r r r r
from old

Assess Energy efficency Improving building energy efficiency v r r r r
Low energy consumption. r 2 r r r
Improving plant efficiency. r v r r r

Assess the environmental | Minimize environmental pollution r - W - r

compatibility Use of renewable energy sources 5 r r r

Assess  the  economic | Low cost r v r r r

budgetary feasibility Minimize times of building yard r W r r -
Minimize amortizable time r r W - r
Low consumption ] r r r r

This for all the proposal alternatives. The evaluation form is in the last page of the check list T1.C.This first evaluation is useful to make a first
screening of the possibility. Given this information, it’s possible to determine a first weighted evaluation for each of the proposal alternatives.

In this way, with contribution of all partners, we have a database of best practices for building intervention, classified by technologies and
building class.
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4 BUILDING THE AHP HIERARCHY AND MEASUREMENT OF DATA COLLECTION.

The next phase concerning the building the AHP hierarchy and measurement of data collection. This step involves forming a team of evaluators
and assigning pairwise comparisons to the proposal alternatives.

A typical proposal team of experts include: a) Designer/responsible for project restoration; b) plant engineering; c) owner representative; d)
superintendence representative (or other rep. for heritage protection).

To evaluate the different alternatives, there are two possibilities: 1) Expert team evaluate the alternatives in a collaborative session (for example,
using Charrette Method" or other collaborative session). By the way, one of the main difficulty in decision making is that reaching a general
consensus in a multidisciplinary team can be very difficult to achieve, so often is to prefer the second suggested way to compare the proposal
alternatives: 2) Each member of Expert team enters his or her own judgements, and makes a distinct, identifiable contribution to a jointly reached
conclusion. The final result will be the average of opinions expressed by the experts., so, for the illustrated case, we will use this way.

Each expert compares alternatives pairwise with respect to each one of the criteria or sub-criteria in the preceding level (assess the impact of the
proposal intervention in the light of the international convention of conservation; energy efficiency, environmental compatibility, economic
feasibility). The complete list of criteria and sub criteria is in table 1 (pag. 10).

For costs and economic data, numerical values are available, so that the alternatives can be calculated directly from the economic amounts. For
the remaining criteria and sub-criteria in the hierarchy numerical data for the investment alternatives are not available and so the judgment
matrices are generated using the definitions of the verbal judgments. In the absence of quantitative data indicating the importance or preference
of one element over another at a given level, a procedure of paired comparisons may be used. Each pair of criteria is compared with respect to
each element in the level above to which they both contribute.

The following table shows an “intensity of importance” scale developed by Saaty. Saaty has demonstrated that only the whole numbers 1 to 9 are
needed to indicate the intensity of preference, with a 1 meaning that the two items being compared are of equal importance and a 9 meaning the
first item is extremely more important than the second. Table 2 shows how the AHP translates verbal judgments ranging from “equal importance”
to “extreme importance” into intensity scores of 1, 3, 5, 7, or 9, with 2, 4, 6, and 8 as intermediate values between adjacent judgments.

! Charrette Method handbook: http://www1.eere.energy.gov/buildings/commercial_initiative/charrette.html
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Intensity of Importance Definition Explanation
1 Equal importance of elements Two elements contribute equally to the higher-level element
3 Moderate importance of one element over another Experience and judgment slightly favor one element over another
5 Strong importance of one element over another Experience and judgment strongly favor one element over another
7 Very strong importance of one element over another An element is strongly favored and its dominance is demonstrated in practice
9 Extreme importance of one element over another The evidence favoring one element over another is of the highest possible order
of affirmation
2,4,6,8 Intermediate values between two adjacent judgments Used when compromise is needed between two judgments
Reciprocals If element i has one of the above numbers assigned to it when compared with element j, then j has the reciprocal value when compared with i.

Table 2. Definitions of Pairwise Comparison Judgment Scale

Let’s make an example. To support energy systems in an historic building, we want to make comparison between 3 systems to support solar energy.
Each system has a variety of advantages and disadvantages: several factors as efficiency, coast, compatibility with historical building, environmental
impact have to be considered. From database expert suggestion we consider the following:

Alternative 1) Building-integrated photovoltaic (BIPV) roofing
(“SOLE POWER” system): The Solé Power system can help to
provide for some of the energy needs of a house without
installing solar panels, which may detract from the visual appeal
or not be allowed due to regulations in HOA covenants. The tiles
integrate seamlessly with clay tile roofs, making it easy to
upgrade a curved tile roof to a power-generating platform.
According to SRS, the thin film solar technology generates more
energy than comparable products in the harsh roofing
environment, and the Solé Tile is backed by a full product
warranty to ensure reliability for both designers and their clients.
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Alternative 2) Amorphous thin film photovoltaic module
(“KALZIP” system): Kalzip SolarClad is a non-integrated
alternative that provides a retro-fit solution for installations on
existing structures or new new-build developments.The
photovoltaic (PV) laminates consist of extremely robust
amorphous silicon thin-film modules attached to aluminium
carrier panels, to ensure high quality and fast installation. The
panels can be installed without penetrating the roof and can also
be conventionally mounted on other system elements, such as
trapezoidal sheets. The flexible solar film can create straight,
convex, and concave shapes. Kalzip is perfect for all customized
roof shapes with a slope of 3° to 60°.

Alternative 3) Photovoltaic Roof Tiles (“TECHTILE ENERGY”
System): Techtile energy is a photovoltaic system that transforms a
building’s roof into an electrical power generator without modifying
the look. Each tile contains a photovoltaic cell that transforms solar
energy into electricity. Techtile Energy is installed like normal brick roof
tiles. The mechanical installation and the electrical connection are
performed at the same time. Power generated: it takes 18 sq. m. of
Techtile roofing, that is 250 photovoltaic tiles, to produce 1 kWp of
electricity.

Management of the Techtile system is entrusted to a central control
unit: Techtile Control, that indicates the status of each individual tile. In
the event of any failure, the central control unit shuts down the
operation of the faulty tile, without shutting down the power supplied
by the installation
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The goal is to select the optimal type of solar heating. The main criteria are: 1) assess the impact of the proposal intervention in the light of the
international convention of conservation; 2) energy efficiency, 3) environmental compatibility and 4) economic feasibility.

energetic rehabilitation in historical building

Assess . .

. Energetic Environmental Economic

conventions . L .
) effectiveness Sustainability feasihility
of conservations

= Alernstie 1 = alternatice' L = Alternatice’' 1 = alternatie’ 1
= Alternstive- 2 = Alternative ' 2 = alternativa-2 = Alternativa’ 2
—akarnative 3 = Alternative* 3 = Alternative " 3 = Alternati:¢* 3

Expert team then compare each other using parwise comparation.
Comparisons ask 2 questions:—“Which is more important with respect to the criterion?” and “How strongly?”. For example, compare alternative
with respect to criterion “Assess the impact of the proposal intervention in the light of the international convention of conservation”.
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In this case, expert team begins looking at the criteria “Assess the impact of the proposal intervention in the light of the international convention
of conservation”, and comparing first alternative 1 to alternative 2, then alternative 1 to alternative 3, and then, alternative 2 to alternative 3. So
all the possibilities are compared.

Using the evaluation scale, the expert team determines that alternative 1 is moderate preferred to alternative 2. This is a numerical score of 3.
Next, expert team compare alternative 1 to alternative 3, and determine that alternative 3 is moderate preferred to alternative 1. This is a
numerical score of 3. Finally, expert compare alternative 2 to alternative 3, and determine that alternative 3 is strongly preferred to alternative 2,
score of 5.

Then, the same alternatives are compared with respect to the other criteria: “energy efficiency” “Environmental compatibility” and “Economic
feasibility”.

For implementing analysis and valuation in this step we use a simply open source software for decision support systems (“Super Decision”). CNR
expert team prepared a short guide to introduction to Super Decision tool, you can find it in appendix.
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5.FINAL SCORING AND RANKING OF ALTERNATIVES.

In this stage the final weight of each alternatives for energetic rehabilitation alternatives in historical building would be determined by using the
methods with respect to the weight of dimensions, criteria and the preference of alternatives.
When expert team completed all comparisons, software automatically calculate and graph the best alternative, one list for each criteria.

The results can also be graphically displayed in different combinations so that the comparison between alternatives is made easy.
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