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ABSTRACT

PARAMETRIC ANALYSIS OF BIM-BASED BUILDING ENERGY 
PERFORMANCE FOR SUPPORTING MULTI-OBJECTIVE 

OPTIMIZATION
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ÇOK AMAÇLI OPTİMİZASYONU DESTEKLEMEK İÇİN BIM TABANLI 
BİNA ENERJİ PERFORMANSININ PARAMETRİK ANALİZİ
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CHAPTER 1

1 INTRODUCTION

�/&�1.2�B%(7%�,&!/'�$%&�!+("($.�$��-��B��82�#��,'�$%&�+!'('��#�%*,!/�"(#&2�!/-�($�('�

!/�&''&/$(!"�#!7$���(/�!""�!�&!'��#�"(#&�#��,�$%&�&D&7*$(�/��#� ($!"�!7$( ($(&'�$��%&!$(/12�

$�!/'���$!$(�/2� $%&� ��&�!$(�/� �#� #!7$��(&'3� K%("&� $%&� &/&�1.� /&7&''!�.� #��� $%&�

7�/$(/*!$(�/��#�%*,!/�"(#&�('���� (-&-�+.�#��-2�$%&�&/&�1.�/&&-�#������-*7$(�/�(/�

#!7$��(&'� ('� ,&$� $%��*1%� �&'�*�7&'� '*7%� !'� &"&7$�(7($.� ��� #�''("� #*&"'3� ���*"!$(�/�

1��B$%2� *�+!/(;!$(�/2� &7�/�,(7� !/-� $&7%/�"�1(7!"� -& &"��,&/$'� "&!-� $�� !� �!�(-�

(/7�&!'&�(/�&/&�1.�-&,!/-��/�!�1"�+!"�+!'('3��'�($�7!/�+&�'&&/�(/��(1*�&�?3?2�B%(7%�

('� 7�&!$&-� !77��-(/1� $�� $%&� -!$!� �&7&( &-� #��,� $%&� 	/$&�/!$(�/!"� �/&�1.� �1&/7.�

E	��F2�$%&��!$&��#�(/7�&!'&�(/�$%&�B��"-S'�&/&�1.�7�/'*,�$(�/�%!'�!77&"&�!$&-�� &��

$%&�.&!�'�+&$B&&/�?NN��!/-���?N�E	��2����?!F3�
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1.1 Building Energy Performance Assessment
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1.2 Building Information Modeling (BIM)
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1.3 BIM-based Building Energy Performance Estimation
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1.4 Aim and Objectives
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CHAPTER 2

2 LITERATURE REVIEW
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2.1 Parameters Affecting Building Energy Performance
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2.1.1 Green Building Certification Systems
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2.1.1.1 LEED (Leadership in Energy and Environmental Design)
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2.1.1.2 BREEAM (British Research Establishment Environmental 

Assessment Method)
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2.1.1.3 B.E.S.T. (Ecological and Sustainable Design in Buildings)
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EVALUATION 
CRITERIA

Possible 
Points Design Construction Total 

Points
�

1. Integrated Green Project Management 9 �

2. Land Use 13 �

3. Water Use 12 �

4. Energy Use 26 �

��&�&0*('($&�?���

�/$��"2�

�,,(''(�/(/1�!/-�
�77&�$!/7&�

�&0*(�&-� �&0*(�&-� �� �

��&�&0*('($&�����
�/&�1.��##(7(&/7.� �&0*(�&-� �&0*(�&-� �� �

O3?��/&�1.��##(7(&/7.� ?�?@� ?@� �� �� �

O3���'&��#��&/&B!+"&�
�/&�1.� ?�L� �� @� �� �

O3M��D$&�(����(1%$(/1� ?� ?� �� �� �

O3O��/&�1.��##(7(&/$�
��*'&%�"-�
���"(!/7&'�

?� �� ?� �� �

O3@��"& !$��'� �� ?� ?� �� �

5. Health and Comfort 14 �

6. Material and Resource 14 �

7. Living in Residence 14 �

8. Operation and Maintenance 6 �

9. Innovation 2 �

Total �� 54 56 110 �

�

�!+"&��3@�'%�B'� $%!$� $%&�&/&�1.�&##(7(&/7.�7�($&�(!�*/-&�� $%&�&/&�1.�*'&�7!$&1��.�

%! &�$%&�"!�1&'$�'%!�&��#�$%&�� &�!""���(/$'3�	$��&0*(�&'�&/&�1.�,�-&"(/1�(/�"(/&�B($%�

!�7%($&7$*�!"2�,&7%!/(7!"2�!/-�&"&7$�(7!"Z"(1%$(/1�-&'(1/'�!/-�'$�!$&1(&'�(/���-&��$��

,(/(,(;&� &/&�1.� 7�/'*,�$(�/� (/� �&'(-&/$(!"� +*("-(/1'3� 	$� '%�B'� $%&� &##&7$'� �#�

+*("-(/1� ��(&/$!$(�/2� #��,2� '%&""2� !/-� �!''( &� !(�� 7�/-($(�/(/1� '.'$&,'� �/� $%&�

-&'(1/&-� +*("-(/1S'� &/&�1.� �&�#��,!/7&3� 	$� !"'�� �&0*(�&'� -&$!("(/1� $%&� ,!$&�(!"�
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����&�$(&'� �#� &"&,&/$'� '*7%� !'� $%&� #�!,&B��82� ���#2� &D$&�(��� B!""� !/-Z��� 7*�$!(/�

B!""2� (/$&�(��� �!�$($(�/� B!""2� #"���'� !/-� 7� &�(/1'2� -���'2� B(/-�B'2� !/-� $%&(��

���#("&'3�

K%&/� $%&'&� $%�&&� 7&�$(#(7!$&'� !�&� &D!,(/&-2� ($� ('� '&&/� $%!$� &/&�1.� *'!1&� %!'� $%&�

%(1%&'$� (,�!7$� (/� !""� �#� $%&,3� �*�$%&�,��&2� $%&� ,!$&�(!"'� *$("(;&-� (/� $%&�

7�/'$�*7$(�/�%! &�!��&,!�8!+"&��"!7&�(/�$%&�'7��(/13��

2.1.2 Parameters from Literature

	/� $%('� '&7$(�/2� !7!-&,(7� '$*-(&'� B&�&� &D!,(/&-� (/� ��-&�� $�� %! &� !� +&$$&��

*/-&�'$!/-(/1� �#� $%&� �!�!,&$&�'� $%!$� %! &� !/� (/#"*&/7&� �/� +*("-(/1� &/&�1.�

7�/'*,�$(�/3��%&��!�!,&$&�'�B&�&�-&$&�,(/&-�#(�'$�(/�$%&��& (&B�'$*-(&'2�!/-�$%&/�

$%&��&"& !/$��!�&�'�B&�&�7�,�("&-�*/-&��$%&�!������(!$&�$($"&'�#���&!7%��!�!,&$&�3�

	/��!+"&��3A2��!�!,&$&�'�*'&-�(/�"($&�!$*�&�(/�+*("-(/1�&/&�1.�!/!".'('�!�&�"('$&-3��'�

'%�B/�(/��!+"&��3A2�B(/-�B�,!$&�(!"�!/-�KK��EB(/-�B�$��B!""��!$(�F2�+*("-(/1�

"�7!$(�/�!/-�'%!�&2����
2�(/'*"!$(�/�,!$&�(!"2�!/-�$%(78/&''�!�&�,�'$�7�,,�/".�

7�/'(-&�&-� �!�!,&$&�'� (/� $%&� "($&�!$*�&2� !'� B&""� !'� ���#2� #"���2� ��(&/$!$(�/� !/-�

'%!-(/1'Z'*���*/-(/1'� !�&� !"'��,&/$(�/&-3��%&'&��!�!,&$&�'�B(""� +&� &D�"!(/&-� (/�

$%&�#�""�B(/1�'*+'&7$(�/'3�

�

�

�

� �



�
�@�

�

�!+"&��3A��!�!,&$&�'��'&-�(/��($&�!$*�&�(/��*("-(/1��/&�1.��/!".'('�

Parameters Articles

Building 

Location

�!/7(�H"*�4*;1*/8!.!�&$�!"32����?V��'7(�/&�&$�!"32���?NV��*%*'�

-*+��B�U�4�!�$(2���?�V��8'(/�U��&"6*82����?V�4�/('�&$�!"32���?AV��

�!"!8(G�&$�!"32���?AV�K3�R*�&$�!"32����?�

Building 

Shape

�&/&;��&$�!"32����?V��,!/(�U��&;!�����*'%2�����V��-!,'8(2�

���LV��!$%(�!/!�&$�!"32���?NV��!%!/�U��&.&�2�����V��*%*'�

-*+��B�U�4�!�$(2���?�V��!7%&7��&$�!"32���?��

Building 

Orientation

�!$%(�!/!�&$�!"32���?NV��+!/-!�U��.&�'2���?AV�!��!,'&$$.�&$�!"32�

����V��"�$%,!/�&$�!"32����?�

Insulation 

Materials

��-���&$�!"32���?NV��7%"*&$&��U��&.&�2���?PV�
!+&;!�&$�!"32���?�V�

� (/�U��7!�2���?NV��3�
%&/�&$�!"32������

Insulation 

Thickness

��/1�&$�!"32���?LV��3�
%&/�&$�!"32�����V���-���&$�!"32���?NV��&/1�

&$�!"32���?LV�� (/�U��7!�2���?NV��8'(/�U��&"6*82����?�

Wall Material �"�$%,!/�&$�!"32����?V��!-&1%(#!,�&$�!"32���?NV��8'(/�U��&"6*82�

���?V��!�B!/2������

Window 

material 

and/or WWR

�&%/-(�U�
%!8�!+��$.2�����V��'"�U��!��(/,&%�2���?@V�

�!-&1%(#!,�&$�!"32���?NV��!GG!��&$�!"32���?NV��!$%(�!/!�&$�!"32���?NV�

�8'(/�U��&"6*82����?V��*%*'�-*+��B�U�4�!�$(2���?�V��%/�&$�!"32�

��?AV��&/;&"�U��%&$$.2���?N�

Roof �!-&1%(#!,�&$�!"32���?NV��"�$%,!/�&$�!"32����?V�3��(�&$�!"32����?�

Floor �!-&1%(#!,�&$�!"32���?NV��!GG!��&$�!"32���?N�

HVAC *!/� &$� !"32� ��?AV� �&;&'%8(� &$� !"32� ����V� �!*]� &7�U��($!�2� ��?NV�

�"�$%,!/�&$�!"32����?V��!"!8(G�&$�!"32���?AV��!/7(�H"*�4*;1*/8!.!�

&$�!"32����?�

Shading/

Surroundings

K3�R*�&$�!"32����?V��*!/�&$�!"32���?AV��!/�&$�!"32���?L�

�

�3� 
%&/� &$� !"32� E����F� �& (&B&-� '$*-(&'� �/� -&$&�,(/(/1� $%&� #!7$��'� !##&7$(/1�

+*("-(/1� &/&�1.� �&�#��,!/7&� !/-� 7!$&1��(;&-� $%&� #(/-(/1'� (/$�� $%�&&� 7!$&1��(&')�

+*("-(/1� 7%!�!7$&�('$(7'2� &0*(�,&/$� !/-� $&7%/�"�1(&'2� !/-� �77*�!/$S'� +&%! (��'3�

�*("-(/1� 7%!�!7$&�('$(7'� %! &� !� 7�*7(!"� (,�!7$� (/� !''&''(/1� !� +*("-(/1S'� &/&�1.�
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�

�&�#��,!/7&� '(/7&� $%&.� (/7"*-&� !�  !�(&$.� �#� +*("-(/1� !/-� 7�/'$�*7$(�/��&"!$&-�

$&7%/�"�1(&'�!/-�!7$( ($(&'2�!/-�$%&�,�'$����*"!��#!7$��'�(/�$%('�1��*��!�&�+*("-(/1�

'%!�&� !/-� ��(&/$!$(�/2� B!""� (/'*"!$(�/2� B(/-�B� 1"!;(/12� B(/-�B� $�� B!""� �!$(��

EKK�F2� (/'*"!$(�/� ,!$&�(!"'2� !/-� ��$(,*,� (/'*"!$(�/� $%(78/&''� E�3� 
%&/� &$� !"32�

����F3� �!7%&7�� &$� !"32� E��?�F� �&�#��,&-� !� �& (&B� '$*-.� $%!$� (/7"*-&'� +*("-(/1�

��(&/$!$(�/2� '%!�&2� &/ &"��&� '.'$&,2� �!''( &� %&!$(/1� !/-� 7��"(/1� ,&7%!/(','2�

'%!-(/12�!/-�1"!;(/13��!-(/&/(�&$�!"32�E��??F���&'&/$&-�!��& (&B��!�&��$%!$�7�""&7$'�

'�,&�+*("-(/1�7�,��/&/$'�!/-��&'�&7$( &�(,��� &,&/$'�#��,�!/�&/&�1.�&##(7(&/7.�

�&�'�&7$( &�$!8(/1�(/$��!77�*/$�B!""'2�#&/&'$�!$(�/�EB(/-�B'�!/-�-���'F2����#'2�!/-�

#"���'3��

2.1.2.1 Building Location

�%&�+*("-(/1� "�7!$(�/�%!'�!�/�$!+"&� (,�!7$��/� $%&� +*("-(/1S'�&/&�1.�7�/'*,�$(�/�

'(/7&� !""� 7"(,!$(7� -!$!� '*7%� !'� '�"!�� �!-(!$(�/2� %*,(-($.2� !(�� $&,�&�!$*�&2� !/-�

7(�7*"!$(�/�!�&�+!'&-��/�($3�	/���-&��$���+'&� &�%�B�$%&�"�7!$(�/�!##&7$'�$%&�&/&�1.�

7�/'*,�$(�/��#�$%&�+*("-(/12�&/&�1.�!/!".;&'�B&�&��&�#��,&-�!$�-(##&�&/$�"�7!$(�/'�

�&��&'&/$(/1� !�(�*'�7"(,!$&�;�/&'2�.(&"-(/1� !"*!+"&��&'*"$'�$%!$�7�*"-�+&�!��"(&-�

�/� !� "!�1&� '7!"&3� �!/7(�H"*� 4*;1*/8!.!� &$� !"32� E���?F� !-G*'$&-� $%&� $&,�&�!$*�&�

 !"*&'��#�$%&�+*("-(/12�$%&�&/&�1.�*'&� !"*&'��#�$%&�-&'(1/&-�'(/1"&�'$��&.�-&$!7%&-�

%�*'&3�K%("&� '�,&� '$*-(&'� %! &� $�(&-� $�� #(/-� ,(/(,*,� &/&�1.� 7�/'*,�$(�/� +.�

��$(,(;(/1��!�!,&$&�'�#���+*("-(/1'�(/�"�7!$(�/'�(/� !�(�*'�7"(,!$&'�E�'7(�/&�&$�!"32�

��?NV��*%*'�-*+��B�U�4�!�$(2���?�V��8'(/�U��&"6*82����?V�4�/('�&$� !"32���?AF2�

'�,&� %! &� -&,�/'$�!$&-� $%&� (,�!7$� �#� "�7!$(�/� �/� &/&�1.� *'!1&� E�!"!8(G� &$� !"32�

��?AF����&/&�1.�-&,!/-��#�+*("-(/1�EK3�R*�&$�!"32����?F3�

2.1.2.2 Building Shape

�%!�&�#!7$��2�7�,�!7$/&''�#!7$��2�!/-��&"!$( &�7�,�!7$/&''�!�&�$%&�7�,,�/".�*'&-�

�!�!,&$&�'�$��'%�B�$%&�(,�!7$'��#�+*("-(/1�'%!�&��/�+*("-(/1�&/&�1.�7�/'*,�$(�/�

E�3�
%&/�&$�!"32�����F3��%&�'%!�&�#!7$���('�$%&��!$(���#�$%&�+*("-(/1�'*�#!7&�!�&!�$��
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$%&�7�/-($(�/&-�#"����!�&!�E�3�
%&/�&$�!"32�����F3��%&�7�,�!7$/&''�#!7$����&#&�'�$��

$%&��!$(��+&$B&&/�+*("-(/1S'� $%&�,!"�&/ &"��&�!�&!�!/-�($'� �"*,&3� 	#� $%&�+*("-(/1�

%!'�!�%(1%&��'%!�&�#!7$��2�($�,&!/'�$%!$�($�%!'�!�+(11&��'*�#!7&�!�&!�(/��&"!$(�/�$��($'�

 �"*,&2�B%(7%��&'*"$'�(/�"!�1&��%&!$�"�''&'�(/�7�"-�7"(,!$&'�E�!/(&"'8(�&$�!"32���?�F3�

�&"!$( &�7�,�!7$/&''�& !"*!$&'�$%&�&##&7$'��#�'%!�&�!/-�1&�,&$�(7�-(,&/'(�/'��/�

+*("-(/1�&/&�1.��&�#��,!/7&�E�3�
%&/�&$�!"32�����F3�

	/� ��-&�� $�� �+'&� &� $%&� 7���&"!$(�/� +&$B&&/� +*("-(/1� '%!�&� !/-� &/&�1.�

7�/'*,�$(�/2� $%&�&� !�&� '$*-(&'� 7�,�!�(/1� -(##&�&/$� +*("-(/1� #��,'� B%(7%� !�&�

�+$!(/&-�+.�,!8(/1�'�,&�,(/���7%!/1&'�(/� $%&�'%!�&��#�$%&�+*("-(/1�E�&/&;��&$�

!"32� ���?V� �,!/(� U� �&;!� ����*'%2� ����F3� �& &�!"� '$*-(&'� %! &� (/ &'$(1!$&-� $%&�

(,�!7$� �#� -(##&�&/$� +*("-(/1� '%!�&'� �/� &/&�1.� 7�/'*,�$(�/3� 	/� !--($(�/� $�� $%&�

'$*-(&'� $�.(/1� $�� ��$(,(;&� !� �!�$(7*"!�� '%!�&�� !"� '%!�&� E�-!,'8(2� ���LF2� �$%&�'�

!$$&,�$&-� $�� -('7� &�� $%&� ��$(,!"� #��,� +.� 7�,�!�(/1� -(##&�&/$� '%!�&'3� �0*!�&2�

�&7$!/1"&2���'%!�&� E�!$%(�!/!�&$�!"32���?NF2�!/-��"*'�'%!�&2���'%!�&2���'%!�&2���

'%!�&� E�(/1%� U� �&.&�2� ����F2� !/-� $�!�&;�(-!"� E�*%*'�-*+��B� U� 4�!�$(2� ��?�F3�

�!7%&7�� &$� !"32� E��?�F� ��$(,(;&-� $%&� 7*� &-�'%!�&-� +*("-(/1� !/-� !� ��".1�/!"�

'%!�&-�+*("-(/1�+.�*'(/1�'%!�&�#!7$��'3��

�%&� %&(1%$� �#� $%&� +*("-(/1� ('� !"'�� !/� (,���$!/$� #!7$��� !##&7$(/1� $%&� '%!�&� �#� $%&�

+*("-(/12� !'� ($� 7!/� +&� -(�&7$".� �&"!$&-� $�� $%&� '%!�&� #!7$��3� �%&�&� !�&� '$*-(&'� �/�

+*("-(/1�%&(1%$����#"����%&(1%$Z7&("(/1�%&(1%$�(/�$%&�"($&�!$*�&3��%!#!�(�&$�!"32�E��?PF�

(/ &'$(1!$&-�$%&�(/#"*&/7&��#�7&("(/1�%&(1%$��/�%&!$(/1�&/&�1.�7�/'*,�$(�/�$%��*1%�

!/� &-*7!$(�/!"� +*("-(/1� 7!'&� '$*-.� (/� �!+�(;2� 	�!/� !/-� 7�/7"*-&-� $%!$� %&!$(/1�

&/&�1.�7�/'*,�$(�/�('��&-*7&-�+.�?T�#���& &�.�?��7,��#�7&("(/1�%&(1%$��&-*7$(�/3�

�/�$%&��$%&��%!/-2��*(,!�^&'�&$�!"32�E��?MF�&D!,(/&-�$%&�(,�!7$��#�7&("(/1�%&(1%$�

(/� $%&�,!"� 7�,#��$� �#� +*("-(/1'� (/� ��!;("� +.�  !�.(/1� $%&� 7&("(/1� %&(1%$� �#� �3O,2�

�3P,2� !/-� M,� !/-� $%&� �&'*"$� �#� '$*-.� '%�B'� $%!$� $&,�&�!$*�&� (/7�&!'&'� ?_
� #���

& &�.����7,�%&(1%$��&-*7$(�/3�



�
�P�

�

2.1.2.3 Building Orientation

�%&� ��'($(�/� �#� $%&� +*("-(/1� (/� �&'�&7$� $�� $%&� �!$%� �#� $%&� '*/� !/-� $%&� ��& !("(/1�

B(/-� (/� $%&� �&1(�/� ('� �&#&��&-� $�� !'� ��(&/$!$(�/3��%&� +*("-(/1� '%�*"-� +&�

��'($(�/&-�$��$!8&�!- !/$!1&��#�$%&�'*/S'�%&!$�!/-��!-(!$(�/3�����(/'$!/7&2�'�*$%&�/�

��(&/$!$(�/� ('� 1&/&�!"".��&7�,,&/-&-�#��� !� +*("-(/1� "�7!$&-� (/� $%&� /��$%&�/�

%&,('�%&�&3��

�%&�&�!�&�'& &�!"�'$*-(&'�(/�$%&�"($&�!$*�&�$%!$�!/!".;&�$%&�+*("-(/1���(&/$!$(�/V�$%&.�

*'*!"".�7%!/1&�$%&���'($(�/��#�$%&�+*("-(/1�B($%�7&�$!(/�-&1�&&�(/$&� !"'�!/-�$�.�$��

#(/-� $%&� +&'$� ��(&/$!$(�/� +.� �&�&!$(/1� $%&� !/!".'('� (/� $&�,'� �#� $%&�,!"� 7�,#��$2�

"(1%$(/1�&"&7$�(7($.��E�!$%(�!/!�&$�!"32���?NF2����$%&�$�$!"�&/&�1.�7�/'*,�$(�/��#�$%&�

+*("-(/1�E�+!/-!�U��.&�'2���?AV�!��!,'&$$.�&$�!"32�����V��"�$%,!/�&$�!"32����?F3�

2.1.2.4 Building Envelope

�%&�+*("-(/1�&/ &"��&� �&#&�'� $�� $%&�7�,��/&/$'� $%!$� '&�!�!$&� !� '$�*7$*�&S'� (/-����

!/-�&D$&�(���&/ (��/,&/$'2����$&7$(/1�$%&�(/$&�(���'�!7&�#��,�&/ (��/,&/$!"�#!7$��'�

'*7%�!'��!(/2�B(/-2�$&,�&�!$*�&2�%*,(-($.3�	$�('�1&/&�!"".�,!-&�*���#�!�/*,+&���#�

7�,��/&/$'� "(8&�B!""'2� ���#2� #&/&'$�!$(�/2� #�*/-!$(�/2� $%&�,!"� (/'*"!$(�/2� $%&�,!"�

,!''2�&D$&�/!"�'%!-(/1�-& (7&'� � E4%(-,!$�&$�!"32�����F3� 	/� $%&� #�""�B(/1�'&7$(�/'2�

$%&'&�'$*-(&'��&"!$&-�$��$%&'&�7�,��/&/$'�!�&�"('$&-3�

2.1.2.4.1 Building Insulation

	/'*"!$(�/��&#&�'�$��!""�$%&�7�($(7!"����7&''&'�$��&D$&/-�$%&�+*("-(/1'S�"(#&2�,!8&�$%&,�

,��&�7�,#��$!+"&�#��,�$%&�(/'(-&2�!/-����$&7$�$%&�+*("-(/1�!1!(/'$�&D$&�/!"�#!7$��'3�

�"$%�*1%�$%&�&�!�&� !�(&$(&'�'*7%�!'�B!$&�2�%&!$2�!/-�'�*/-�(/'*"!$(�/�E�7%(! �/(�&$�

!"32� ��?AF2� �/".� $%&�,!"� (/'*"!$(�/� %!'� +&&/� 7�/'(-&�&-� B($%(/� $%&� '7��&� �#� $%('�

'$*-.3� �%&� (/'*"!$(�/�,!$&�(!"'� 7!/� +&� *'&-� �/� $%&�B!""2� ���#2� 7&("(/12� #"���� !/-�

+!'&,&/$� �#� $%&� +*("-(/1� #��� $%&�,!"� (/'*"!$(�/� �*���'&'3� 	/� 1&/&�!"2� B!""�

(/'*"!$(�/�B!'�7�/'(-&�&-�$��+&�$%&�,�'$�&##&7$( &�(/'*"!$(�/�!��"(7!$(�/�+&7!*'&��#�



�
�N�

�

($'� &D$&/'( &� '*�#!7&� !�&!� E�3� 
%&/� &$� !"32� ����F3� �%&� $%(78/&''� !/-� $%&�,!"�

7�/-*7$( ($.��#�!��"(&-�,!$&�(!"'�%! &�!� �&,!�8!+"&�&##&7$��/� $%&� #*/7$(�/!"($.��#�

$%&�$%&�,!"�(/'*"!$(�/�E�3�
%&/�&$�!"32�����F3�

�%&�&�!�&� $B��+!'(7�7�/7&�$'� �&1!�-(/1� $%&� $%&�,!"�7�/-*7$( ($.��#�,!$&�(!"'2���

 !"*&� !/-� �� !"*&3� �%&� ���!"*&� ('� !� ,&!'*�&,&/$� �#� $%&�,!"� �&'('$!/7&2� ��� $%&�

!+("($.� �#� $%&� ,!$&�(!"� $�� �&'('$� %&!$� #"�B2� B%&�&!'� $%&� ���!"*&� E��� '�,&$(,&'�

7!""&-� !'� ���!7$��F� �&��&'&/$'� $%&�,!"� $�!/',($$!/7&� ��� $%&� %&!$� "�''� $%��*1%� !�

7�,��/&/$3� �&/&�!"".2� ���!"*&� (/-(7!$&'� $%&� (/'*"!$(/1� ����&�$(&'� �#� B(/-�B'2�

B%("&� $%&��� !"*&'� �&��&'&/$� $%&� (/'*"!$(/1� ����&�$(&'� �#� B!""'2� #"���'2� !/-� ���#'�

E�87!.�U���-($(2���?LF3��

��-���&$�!"32�E��?NF�(/ &'$(1!$&-�7�'$�&##&7$( &2�&/&�1.�&##(7(&/$�+*("-(/1�&/ &"��&�

,&!'*�&'� (/� !� /&B".� 7�/'$�*7$&-� �B&-('%� %(1%��('&� +*("-(/1� +.� 7%!/1(/1� $%&�

$%(78/&''��#�$%&�'&"&7$&-�(/'*"!$(�/�,!$&�(!"'�#���$%&����#2�1��*/-�#"���2�!/-�&D$&�(���

B!""'�!'�B&""�!'�*'(/1�-(##&�&/$��� !"*&'�#���B(/-�B'�!/-�-���'3�	/�!--($(�/�$��$%&�

'$*-(&'�$%!$�$�.�$����$(,(;&�&/&�1.�+.�7%!/1(/1�$%&��� !"*&'��#�$%&�,!"�(/'*"!$(�/�

E�7%"*&$&�� U� �&.&�2� ��?PF2� $%&�&� !�&� !"'�� $%�'&� B%�� !/!".;&� $%&� ,!$&�(!"'�

7�,,�/".� *'&-� (/� $%&� 7�/'$�*7$(�/� (/-*'$�.3� ��".*�&$%!/&2� ��".'$.�&/&2� ,(/&�!"�

B��"� E
!+&;!� &$� !"32� ��?�F2� ��78� B��"2� &D�!/-&-� ��".'$.�&/&� E���F2� &D$�*-&-�

��".'$.�&/&� ER��F2� ��".*�&$%!/&� E� (/� U� �7!�2� ��?NF� !�&� #�&0*&/$".� *'&-3� 	/�

!--($(�/�$��!""�$%&'&�,!$&�(!"'2�7&""*"�'&2�#(+&�1"!''2�B��-�B��"2��&7.7"&-�B��"�!�&�

!"'��*'&-�#���$%&�$%&�,!"�(/'*"!$(�/��#�+*("-(/1'�E�3�
%&/�&$�!"32�����F3��

2.1.2.4.2 Building Insulation Thickness
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2.1.2.4.3 Wall�Material
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2.1.2.4.4 Window
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2.1.2.4.5 Roof
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2.1.2.4.6 Floor
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2.1.2.5 HVAC (Heating, Ventilation and Air Conditioning)
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2.1.2.6 Shading and Surrounding
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2.2 Multi-objective Optimization in Building Energy Performance Analysis 
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2.2.1 Parametric Analysis Tools
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2.2.2 Optimization Algorithms
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CHAPTER 3

3 METHODOLOGY

�%&� �!�!,&$&�'� !##&7$(/1� +*("-(/1� &/&�1.� �&�#��,!/7&� B&�&� -&$&�,(/&-� +.�

"($&�!$*�&��& (&B3��!7%��#�$%&'&��!�!,&$&�'�('�!/!".;&-�*'(/1�!��	��+!'&-�&/&�1.�

�&�#��,!/7&� !''&'',&/$� (/� !� %.��$%&$(7!"� 7!'&� '$*-.2� +.� 8&&�(/1� !""� �$%&��

�!�!,&$&�'� 7�/'$!/$3��%&/2� $%&��!�!,&$&�� $%!$�%!'� $%&�,�'$� '(1/(#(7!/$� (,�!7$��/�

$%&�+*("-(/1�&/&�1.��&�#��,!/7&�('�-&$&�,(/&-�$%��*1%�'&/'($( ($.�!/!".'('2�B%(7%�

('� *'&-� $�� ,&!'*�&� $%&� &##&7$� �#� !� �!�$(7*"!�� (/�*$� �/� !/� �*$�*$3� ���&� &�2� !/�

& !"*!$(�/� �#� $%&'&� �!�!,&$&�'� ('� ,!-&� $�� '*����$� $%&� ��$(,(;!$(�/� �#� +*("-(/1�

&/&�1.��&�#��,!/7&3� �&�(�-(7� !/-� (/($(!"� 7�'$�  !"*&'� !�&� �&0*(�&-� $�� 7!"7*"!$&� $%&�

"(#&� 7.7"&� 7�'$� !''&'',&/$2� !/-� $%&� !//*!"� &/&�1.� 7�/'*,�$(�/� 7�'$� 7!/� +&�

7!"7*"!$&-�$%��*1%�$%&�7�/'*,�$(�/�!,�*/$��+$!(/&-�!'�!��&'*"$��#�$%&'&�!/!".;&'2�

!/-�$%*'�$%&�,�'$���$(,*,�7!'&�7!/�+&�-&$&�,(/&-3�

�%('�7%!�$&�� ('� 7�,��'&-��#� $B��,!(/��!�$'�!'��*("-(/1��/&�1.��(,*"!$(�/'�!/-�

�&/'($( ($.��/!".'('3�	/�$%&�#(�'$��!�$2�$%&�'�#$B!�&�*'&-�!/-��!�!,&$&�'�7�/'(-&�&-�

(/� $%&� 7!'&� '$*-.� !�&� -&#(/&-2� !/-� $%&� +!'&� 7!'&� !/-� $&'$� 7!'&� '7&/!�(�'� !�&�

&D�"!(/&-3� �%&� '&7�/-� '&7$(�/� -&#(/&'� !/-� &D�"!(/'� %�B� '&/'($( ($.� !/!".'('� ('�

7�/-*7$&-�(/�$%('�'$*-.3�

3.1 Building Energy Simulations

	/���-&��$���&��&'&/$�!""�$%&��!�!,&$&�'�-&$&�,(/&-�(/�$%&�"($&�!$*�&2�!�,*"$(�'$��&.�

�&'(-&/$(!"�+*("-(/1�B!'�7�&!$&-�!'�!�%.��$%&$(7!"�7!'&�'$*-.�$��7�/-*7$�!�+*("-(/1�

&/&�1.� �&�#��,!/7&� !''&'',&/$3� �%('� '$*-.� !(,'� $�� &D!,(/&� $%&� &##&7$'� �#� $%&�

�!�!,&$&�'�-&$&�,(/&-�(/�$%&�"(1%$��#�$%&�"($&�!$*�&��/�+*("-(/1�&/&�1.��&�#��,!/7&3�

�*("-(/1� &/&�1.� �&�#��,!/7&� ('� !� 7�,�"&D� ���+"&,� $%!$� -&�&/-'� �/� ,!/.�

�!�!,&$&�'�!/-�&!7%��!�!,&$&��('�(/��&"!$(�/'%(��B($%��$%&���!�!,&$&�'3��%&�&/&�1.�
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!/!".'('� B!'� 7�/-*7$&-� ,*"$(�"&� $(,&'� (/� $%('� '$*-.2� B($%� �/".� �/&� �!�!,&$&��

7%!/1&-�!$�!�$(,&3��%('�!����!7%�('���&#&��&-�!'�$%&�1�!"��#�$%('�'$*-.�('�$��'&&�%�B�

$%&��!�!,&$&�'�!##&7$�&/&�1.�*'!1&��!$%&��$%!/�$��1&$�!""�7�/7&( !+"&�7�,+(/!$(�/'�

�#� �!�!,&$&�'� (/� ��-&�� $�� !7%(& &� $%&� +&'$� �&'*"$'3� �%&� �&'*"$'� �+$!(/&-� $%��*1%�

$%&'&� !/!".;&'� B&�&� *'&-� $�� -&$&�,(/&� $%&� ,�'$� &##&7$( &� �!�!,&$&�� +.� "�7!"�

'&/'($( ($.�!/!".'('3�

�%('� �!�$� %!'� +&&/� 7�,�("&-� */-&�� $%�&&� ,!(/� %&!-(/1')� $%&� ���1�!,� *'&-2� $%&�

�!�!,&$&�'�'&"&7$&-2�!/-�$%&�+!'&�7!'&�!/-��$%&��'7&/!�(�'3�

3.1.1 Software

	/�$%('�'&7$(�/2�$%&�'�#$B!�&�!/-��"*1�(/'�*'&-�(/�&/&�1.�!/!".'('�!/-�$%&�(/$&�!7$(�/�

+&$B&&/�$%&,�!�&�&D�"!(/&-3��(1*�&�M3?�'%�B'�$%('�'.'$&,�$%��*1%�!�7%!�$3�

�
�(1*�&� M3?3� �� �(!1�!,� �%!$� �&��&'&/$'� $%&� 	/$&�!7$(�/� �#� ��#$B!�&� �'&-� #���

�/&�1.��/!".'('�
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	/'$&!-��#�,&'%�,�-&"(/12��%(/��*'&'�������E��/��/(#��,��!$(�/!"�����"(/&'F�

,�-&"(/12�B%(7%�7!/�!77*�!$&".�-&'7�(+&�!/.�'%!�&�#��,�!�'(,�"&����"(/&2�7(�7"&2�

!�72� ��� 7*� &� $�� $%&�,�'$� 7�,�"&D� M�� ��1!/(7� #�&&#��,� '*�#!7&3� 	$� ('� �/&� �#� $%&�

7�,,�/".�*'&-�'�#$B!�&�+.�!�7%($&7$*�&'��B(/1�$��($'�#"&D(+("($.�!/-�!77*�!7.3�����

$%&'&��&!'�/'2��%(/��A�B!'���&#&��&-�$��+&�*'&-�(/�$%('�'$*-.3�

��!''%���&�� &/!+"&'� $%&� �!�!,&$�(7� ,�-&"(/1� (/� $%&� �%(/�2� !/-� ($� ('� !�  ('*!"�

���1�!,,(/1� $��"� #��� !�7%($&7$*�!"� -&'(1/3� �('*!"� ���1�!,,(/1� ('� !� $.�&� �#�

���1�!,,(/1� "!/1*!1&� $%!$� !""�B'� $�� 7�&!$&� 7�,�*$&�� ���1�!,'� +.� -&'7�(+(/1�

���7&''&'�1�!�%(7!"".��!$%&��$%!/�$&D$*!"".�E�'"�&$�!"32���?OF3�K($%��%(/��A�!/-�L2�

��!''%���&��('�!"�&!-.�(/7"*-&-V�#���&!�"(&�� &�'(�/'2�($�,*'$�+&�(/'$!""&-�,!/*!"".3�

�%&�#*/7$(�/!"($.��#���!''%���&��('�7�/$(/*(/1�$��&D�!/-�-*&�$�� $%&�-& &"��,&/$�

�#�$%(�-��!�$.��"*1�(/'2�(/7"*-(/1�&/ (��/,&/$!"�'(,*"!$(�/�7�,��/&/$'�$%!$�!""�B�

'�"!��'$*-(&'2�(/�*$�$��&/&�1.�&/1(/&'2�!/-���$(,(;!$(�/�� E4&/'&82���?@F3��D$&�/!"�

-& &"��&�'� %! &� 7�&!$&-� !� /*,+&�� �#� 7�,��/&/$'� #��� !�  !�(&$.� �#� �*���'&'V� #���

&D!,�"&2� ,!/.� %! &� +&&/� 7�&!$&-� $�� !*$�,!$&� &/ (��/,&/$!"� 7!"7*"!$(�/')�

 ('*!"(;!$(�/� �#� B&!$%&�� -!$!2� -!."(1%$� !/-� &/&�1.� '(,*"!$(�/2� ��$(,(;!$(�/2� ���

�$%&�� $!'8'� �&"!$&-� $�� &/&�1.� '(,*"!$(�/� E4&/'&82� ��?@F3� ��!''%���&�� %!'� +&&/�
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&/&�1.�'$*-(&'3�
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����$%&��*���'&��#�$%('�'$*-.2�$%&'&�$��"'�B(""�+&�*'&-�$�1&$%&�3�

�/&�1.�"*'� ('� !� 7�,�"&$&� +*("-(/1� &/&�1.� '(,*"!$(�/� ���1�!,� #���,�-&"(/1� +�$%�
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3.1.2 Parameters
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3.1.2.1 Location 

To investigate the effect of different locations on building energy consumption, cities 

with different climatic characteristics in Turkey were selected. The reason why it is 

limited to Turkish provinces is that this study was conducted in Turkey. TS 825 

thermal insulation requirements for buildings, was used for the selection of these 

cities. TS 825 is a standard for energy estimation method in Turkey, and it divides 

Turkey into five main climatic regions, as seen in Figure 3.2. The cities of Ankara, 

İstanbul, İzmir, Kayseri, and Erzurum were chosen to represent each region, these 

cities have the highest population density of their region. 

 

Figure 3.2. Regions of TS 825 Code for Thermal Insulation Requirements for 

Buildings (Turkish Standard Institute, 2013) 

3.1.2.2 Shape 

Considering the building forms frequently encountered in the literature, the building 

forms in Figure 3.3 were selected. The shape factor, compactness factor, and relative 

compactness parameters mentioned in the literature were not considered separately 



 
 

50 

in the model, but they were taken into account while creating the building shapes. 

The model generates a total of twelve different building forms. The decagon and 

octagon shapes were chosen to observe what changes might occur when the shape of 

the building approaches an oval. The volume of the building is kept constant as 

64000 m3, while creating different building forms. The selected forms and their 

surface areas providing the selected volume are listed in Figure 3.3. 

 
Figure 3.3. Forms of Buildings 

Another parameter related to building shape is height, since the building volume was 

kept constant within the scope of this study, only the floor height was changed. If the 

building height was changed, the floor area would change as well, which would not 

be an accurate comparison since it would affect many parameters. The base case is 

a 10-storey building with a height of 4 m and a total building height of 40 m. In the 

Table 3.2,  the floor heights used in the model and the corresponding number of 

floors and total building heights are shown. 
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Table 3.1 Surface Area of the Selected Building Forms 

ID Form Total Floor Area 

(m2) 

Volume 

(m3) 

Height 

(m) 

i Square 9600 64000 40 

ii LongRectangle 10320 64000 40 

iii ShortRectangle 11200 64000 20 

iv Lshaped 13600 64000 20 

v L+Ishaped 14400 64000 80 

vi Ushaped 13600 64000 20 

vii Hshaped 13600 64000 40 

viii Decagon 8968 64000 40 

ix Octagon 9025 64000 40 

x Lvertical 13520 64000 40 

xi PlusShaped 11680 64000 32 

xii Lladdered 24640 64000 32 

 

 

Table 3.2 Floor Height 

Floor Height Number of Floors Total Building Height 

4 m 10 40 

2.5 m 16 40 

3.33 m  12 40 

5 m 8 40 
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3.1.2.3 Orientation 

The rotation angle was selected as 15°, and a total of 24 different cases (including 

the base case) were obtained for this parameter. The positions of the forms seen in 

Figure 3.3 show their base case, that is, their unturned state. Although analyses were 

performed by changing only one parameter throughout this study, a combination of 

these two parameters was also done to investigate the effect of position on the shape.  

In this context, each shape has been rotated with an angle of 15°, but there is no need 

to make 24 different analyzes in some symmetrical shapes; for example, a square 

shape comes to the same position at 90°, rectangles come to the same place at 180°, 

since parameters like WWR are the same for each facade, the same results are 

obtained in the rotation angle corresponding to the same position. 

3.1.2.4 Wall  

Under this heading, only the external walls are taken into consideration, since there 

are not enough studies on the internal walls in the literature.  

The related parameters for external wall construction are wall materials and 

insulation materials and their thickness. Wall materials and their thermal properties 

used in the model are listed in Table 3.3. Whereas Table 3.4 exhibits the wall 

insulation materials and their thicknesses.  

Table 3.3 Exterior Wall Materials and R-values 

Material Name R-value (m2·K/W) 

Brick   0.114157 

Aerated Autoclaved Concrete (AAC) 0.75 

Double-Brick 0.228315 

Dry Wall 3.6 
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3.1.2.5 Window 
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3.1.2.6 Roof
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3.1.2.7 Interior Floor Construction
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Table 3.10 Interior Floor Insulation Materials and Thickness 

Material Name Min(mm) Max(mm) Interval (mm) 

Rock Wool 10 120 10 

Glass Wool 10 120 10 

 

3.1.2.8 Underground Floor Construction 

In underground floor, or basement, construction, insulation materials are employed 

in addition to structural element concrete. In Table 3.11,  a list of insulation materials 

used in the foundation and their thicknesses can be seen. 

Table 3.11 Basement Insulation Materials and Thickness 

Material Name Min (mm) Max (mm) Interval (mm) 

XPS 10 120 10 

EPS 10 120 10 

 

3.1.2.9 HVAC 

Under this title, cooling setpoint, heating setpoint, and schedule parts are discussed, 

rather than materials or different types of HVAC systems. In this study, the heating 

and cooling setpoints were chosen as 20°C and 24°C, respectively, taking into 

account the studies in the literature (Griego et al., 2012; Hoyt et al., 2015). ASHRAE 

(American Society of Heating, Refrigerating and Air-Conditioning Engineers) 

standard’s recommendations were also taken into account while determining these 

set values. Table 3.12 exhibits the maximum and minimum values of set points, their 

change interval, and the total number of analyses for the related parameters. 

Furthermore, to avoid confusion when expressing heating and cooling setpoints 

together, H was written in front of heating setpoints, C was written in front of cooling 
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setpoints, and then the setpoint value was written. For example, H25 indicates that 

the heating setpoint is 25°C. 

Table 3.12 Setpoints 

Settings Min Max Interval Numbers 

Cooling Setpoint 21 30 1 10 

Heating Setpoint 14 23 1 10 

 

For the schedule parameter, “MidriseApartment::Apartment” building program in 

the Honeybee library was chosen instead of creating a new schedule. To observe the 

effect of the schedule, “MidriseApartment::Office” program was also analyzed. 

In “MidriseApartment::Apartment” schedule program, every day of the year is taken 

into account, with the same assumptions for each day, and in this study, the default 

values of this schedule have not been changed. There is an occupancy value for each 

hour of the day, and it is assumed that all of the people in the house are at home for 

9 hours a day, with a portion of the people in the house present for other hours. In 

“MidriseApartment::Office” program every day of the year is taken into account, but 

there is no occupancy on weekends and outside working hours, and it is considered 

full occupancy during working hours (8 hours) and half occupancy at noon. 

3.1.2.10 Shading 

In the base case of this study, the building is analyzed on a flat land and assuming 

that there are no buildings etc. around it. However, considering that this is not 

possible in today's urbanization, it is tried to simulate the effect of the surroundings 

on the model by placing a certain shading ratio on each façade to observe the shading 

caused by the effects of the surrounding structures. In Table 3.13, the name of cases 

created for shading and the shading rate of each case on the relevant facade were 
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indicated. Since it was seen that the effect of shading on energy consumption did not 

make a significant difference, it was not necessary to prefer smaller change intervals. 

Table 3.13 Shading 

Case Name 
North 

Facade 

South 

Facade 

East 

Facade 

West 

Facade 

No shading 0 0 0 0 

50 % on north facade 0.5 0 0 0 

100 % on north facade 1 0 0 0 

50 % on south facade 0 0.5 0 0 

100 % on south facade 0 1 0 0 

50 % on west facade 0 0 0.5 0 

100 % on west facade 0 0 1 0 

50 % on east facade 0 0 0 0.5 

100 % on east facade 0 0 0 1 

100 % all facades 1 1 1 1 

 

3.1.3 Base Case and Scenarios 

To compare the energy analysis result, a base case should be created primarily. In 

Table 3.14, base case parameters and their values are tabulated. The analysis was 

conducted using annual climate data rather than evaluating a few days to represent 

the year. Analyzes were performed for every hour of the year as the default setting 

of the program and calculated for 8760 values over 365 days x 24 hours for each 

scenario. 
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Table 3.14 Parameters of Base Case 

Parameters Value 

City Ankara 

Shape LongRectangle 

Rotation 0 

Exterior wall construction 50 mm-rock wool insulated AAC wall 

Exterior window construction COMFORT 4+12+4 

Exterior roof construction 120 mm-glass wool insulated roof 

Interior ceiling construction 200mm heavyweight concrete 

Interior floor construction 200mm heavyweight concrete 

Underground floor 

construction 

50 mm-XPS insulated basement 

North Glazing 20% 

West Glazing 20% 

South Glazing 20% 

East Glazing 20% 

Cooling set point 24°C 

Heating set point 20°C 

Schedule MidriseApartment::Apartment 

Context - 

 

During the creation of the model, instead of generating each item in the model one 

by one, it is left to the program to create the model by providing specified parameter 

values. For instance, windows were created by giving certain WWR values to the 

program, rather than modeling the windows one by one according to their location. 

In the simulation, the windows are divided into multiple groups that are split over 

the walls, rather than simply one window per rectangular wall surface. The distance 

between individual windows on surfaces was set at 5 m, but this input will be 

overridden by the program at high glass ratios or window heights. 
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CHAPTER 4

4 RESULTS AND DISCUSSION
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�L� �"!--&�&-� PM�?�3AA� �?ONOM3O@� �NP?@A3??�
�P� � &�$(7!"� NLPLN3MA� �MPM@P3NA� MMA�MP3M��
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�

�!�!,&$&��

�&!$(/1�
�/&�1.�
E8K%F�


��"(/1�
�/&�1.�
E8K%F�

��$!"�
�/&�1.�
E8K%F�

�N�
�

�7$!1�/� L??�A3@M� ���NPA3�@� �N�??�3@P�
�?�� �&7!1�/� ANN�O3@M� ���A�L3LO� �N�@?�3�P�
�??� �'%!�&-� ?�L?��3A�� �M@O?O3AM� MO�@?@3�O�
�?�� �"*'�%!�&-� ?�AMLP3NL� ��LL@?3NM� M@O?M�3N?�

?�

�"�����&(1%$�

�3@,� @@A?�3LM� M��P@?3PA� MLPOA�3@N�

�� M3MM,� LPOML3?�� �@@OP�3OA� MMMN?L3@A�

M� 4m 94136.84 222116.07 316252.91

O� @,� ??ML?@3N?� ?PN��?3A�� M��L?L3@��
�?�

��(&/$!$(�/�

0 94136.84 222116.07 316252.91
��� ?@� N@�M�3��� ��MN?@3NP� M?N?OL3NP�
�M� M�� NLN@�3�L� ��N�OA3NP� M�ANNN3�@�
�O� O@� ?��PPO3MN� �M@??P3MN� MMA���3LP�
�@� A�� ?�M��M3AM� �MPNP@3?A� MO���P3LP�
�A� L@� ?�MPPM3M�� �O�NON3LP� MOOPMM3?��
�L� N�� ?�MLPN3ON� �O?@A�3�L� MO@M@?3LA�
�P� ?�@� ?�M?PP3NN� �O�LMO3MN� MOMN�M3MP�
�N� ?��� ?�?NMN3@@� �MPL�?3PM� MO�AA?3MP�
�?�� ?M@� NNNO@3NN� �MOLOM3�?� MMOAPN3���
�??� ?@�� NLMLL3�P� ��PP??3OA� M�A?PP3LO�
�?�� ?A@� N@�L�3��� ��MN�M3NM� M?PNL@3N@�
�?�

K!""��!$&�(!"�

AAC wall 94136.84 222116.07 316252.91
��� +�(78� ?MLPLL3OA� �?LA?�3L�� M@@OPP3?N�
�M� -�*+"&+�(78� ??OLPN3MA� �?M�O�3P?� M�LPM�3?A�
�O� -�.B!""�� MN@A�3@@� ���M�M3AM� �@NPAA3?P�
�?�

K!""�	/'*"!$(�/�
�!$&�(!"�

Rockwool 94136.84 222116.07 316252.91
��� R��� LMMNM3�L� ��?MAL3AN� �NOLA�3LA�
�M� ���� P�OPA3L?� ��?A?A3@@� M��?�M3�A�
�O� �"!''K��"� PP�M@3L@� ��?PNA3?P� M?�?M?3NM�
�?�

K!""�	/'*"!$(�/�
�!$&�(!"�
�%(78/&''�

?��,,� ?POL@�3�O� ��A�P@3A?� O?�PM@3A@�
��� ���,,� ?@���L3O?� ��OOAO3ML� MLOAN?3LP�
�M� M��,,� ?�@PMP3A�� ��MMN�3MA� MON�M�3NL�
�O� O��,,� ?�LP�O3PA� ���AOL3ML� MM�OL�3�M�
�@� 50 mm 94136.84 222116.07 316252.91
�A� A��,,� PM@?A3P�� ��?L�O3N@� M�@�O?3LL�
�L� L��,,� L@?@@3L�� ��?O�P3@�� �NA@PO3?N�
�P� P��,,� APMMN3�?� ��??NL3N�� �PN@ML3??�
�N� N��,,� A�LMN3?�� ��?�?O3O@� �PML@M3@L�
�?�� ?���,,� @P?M@3NL� ���PA@3�A� �LN��?3�O�
�??� ??��,,� @O?L@3@L� ���LO�3?�� �LON?L3AL�
�?�� ?���,,� @�PMO3MN� ���AMP3NM� �L?OLM3M��
�
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�!�!,&$&��

�&!$(/1�
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E8K%F�


��"(/1�
�/&�1.�
E8K%F�

��$!"�
�/&�1.�
E8K%F�

�?�

K(/-�B��!$&�(!"�

'-1O� ?�@PO?3AP� �PAL?O3�M� MN�@@@3N?�
��� '-1A� ?�P@�O3�P� �L@@L?3NL� MPO�NA3�@�
�M� '(/&�1.O� LLMMP3�P� �OOPP�3@?� M�����3@N�
�O� '(/&�1.A� P�?�L3?O� �O�A�M3��� M��LM�3MM�
�@� comfort4 94136.84 222116.07 316252.91
�A� 7�,#��$A� N@@OA3ML� ���OO�3P�� M?@NPL3?N�
	?�

KK��

nsew2 94136.84 222116.07 316252.91
	�� /M'&B�� ?�?P?�3M�� ��L?@M3N?� M�PNAA3�O�
	M� /O'&B�� ?�NA�M3��� �M�?L?3L�� MO?LLO3NO�
	O� /@'&B�� ??LON�3??� �ML��N3N@� M@O@��3�@�
	@� /A'&B�� ?�ONA�3ON� �O?N��3M�� MAAPP�3LN�
	A� /L'&B�� ?M�OO@3OP� �OAP�O3O?� MLN�ON3PN�
	L� /P'&B�� ?MNN�?3�N� �@?A?L3?�� MN?@MP3?N�
	P� 'M/&B�� N�M�M3NP� �M��NO3MA� M��O?P3MO�
	N� 'O/&B�� PL�P?3?A� �O�?@�3O?� M�N�MM3@L�
	?�� '@/&B�� POMAA3?L� �@���P3@O� MMA@NO3L?�
	??� 'A/&B�� P?P?N3?O� �A�M?L3�A� MOO?MA3O��
	?�� 'L/&B�� LNAOA3N�� �L�O�M3NO� M@��L�3PO�
	?M� 'P/&B�� LLL@L3MO� �P�@?L3PN� MA��L@3�M�
	?O� BM/'&�� N@N�N3L@� ��L���3�M� M�M?@?3NP�
	?@� BO/'&�� NLL�@3�O� �M�M�O3AP� MM��ON3LM�
	?A� B@/'&�� NN@M�3O�� �MLO?�3M?� MMANO�3L?�
	?L� BA/'&�� ?�??��3�M� �O�O�L3@N� MOM@ON3P��
	?P� BL/'&�� ?��LPA3@N� �OLO�M3?M� M@�?PN3L��
	?N� BP/'&�� ?�OO�N3O?� �@�MA?3L@� M@ALN?3?L�
	��� &M/'B�� NA�M?3A?� ��LP@�3L@� M�MPP�3MA�
	�?� &O/'B�� NLPOO3OO� �MMA?�3A@� MM?O@@3�N�
	��� &@/'B�� NNPOP3�M� �MNMP?3PM� MMN�M�3�A�
	�M� &A/'B�� ?�?A�P3�A� �O@?AO3N@� MOALNM3�?�
	�O� &L/'B�� ?�MMP?3?@� �@�NAA3AN� M@OMOL3P@�
	�@� &P/'B�� ?�@?ML3�?� �@ALLN3�@� MA?N?A3OA�
�?�

���#��!$&�(!"�
metal 94136.84 222116.07 316252.91

��� !'�%!"$� N??NM3?�� ��?LNA3�?� M?�NPN3M?�
�M� $("&� P�MPN3PM� ���PLA3�M� M�M�AA3�A�
4?�

���#�	/'*"!$(�/�
�!$&�(!"�

GlassWool 94136.84 222116.07 316252.91
4�� ��78K��"� NAA@A3?N� ���MP@3�A� M?N�O?3OO�
4M� R��� PPO@A3��� ��?@�A3�P� M�NNA�3�P�
4O� ���� N?�L@3��� ��?LPL3NN� M?�PAM3�?�
�?� ���#�	/'*"!$(�/�

�!$&�(!"�
�%(78/&''�

?��,,� �@O@M�3?@� �MLOPM3�M� ON��?@3MP�
��� ���,,� ?PNMN@3�M� �M�PON3M�� O���OO3@O�
�M� M��,,� ?@L�N?3MO� ��P�OP3A@� MP@MMN3NP�
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��"(/1�
�/&�1.�
E8K%F�

��$!"�
�/&�1.�
E8K%F�

�O�

�

O��,,� ?MPMLA3N�� ��AONL3LO� MAOPLO3AO�
�@� @��,,� ?�@NLM3PL� ��@MOM3@N� M@?M?L3OA�
�A� A��,,� ??L�OA3�A� ��O@�A3NL� MO?L@M3�M�
�L� L��,,� ??�P�A3?P� ��MPOL3PP� MMOA@O3�A�
�P� P��,,� ?�@PNA3NN� ��MMOM3N?� M�N�O�3PN�
�N� N��,,� ?���O�3@N� ���NOL3��� M�ONPL3@N�
�?�� ?���,,� NPN�M3AN� ���A�A3��� M�?@�N3L��
�??� ??��,,� NAM?@3A�� ���MOP3@�� M?PAAO3?O�
�?�� 120 mm 94136.84 222116.07 316252.91
�?M� ?M��,,� N��N@3L?� ��?N?P3O�� M?O�?O3??�
�?O� ?O��,,� N�L��3NL� ��?LOP3PO� M?�OAN3P?�
�?@� ?@��,,� PNMO?3O�� ��?A�?3?O� M?�NO�3@@�
�?A� ?A��,,� PP?O�3M�� ��?OL�3?P� M�NA?�3OP�
�?L� ?L��,,� PL�AM3N?� ��?M@P3AA� M�PO��3@L�
�?P� ?P��,,� PA�NP3AM� ��?�@L3@L� M�LM@A3?N�
�?N� ?N��,,� P@�M?3@N� ��??AL3MO� M�AMNP3NM�
���� ����,,� POO@M3MM� ��?�P@3A�� M�@@MP3NM�
�?�

���#�
�/1"&�

flat 94136.84 222116.07 316252.91
��� �� NOO�@3ON� �MLP�N3PO� MM��M@3MM�
�M� ?�� N�AM?3MO� �MLL?L3LA� MM�MON3?��
�O� ��� N?�N�3��� �ML@M?3�A� M�PP�M3�P�
�@� M�� N�?PA3��� �MLMLM3N�� M�L@A�3?O�
�A� O�� PN?ML3@L� �ML?L?3@A� M�AM�N3?O�
�L� @�� PP?MO3�@� �MANAA3ON� M�@?��3LO�
�P� A�� PL@@M3P?� �MAP�@3NN� M�OM@N3P��
�?� �!'&,&/$�

	/'*"!$(�/�
�!$&�(!"�

XPS 94136.84 222116.07 316252.91

��� ���� NOOO?3L?� ��?ONO3AN� M?@NMA3MN�
�?�

�!'&,&/$�
	/'*"!$(�/�
�!$&�(!"�
�%(78/&''�

?��,,� NPM@O3�?� �?O�NN3AN� M?�O@M3L��
��� ���,,�� NAON?3OM� �?LA�@3N�� M?O�NL3M@�
�M� M��,,� N@MPA3A�� �?NAAM3N@� M?@�@�3@@�
�O� O��,,� NOA@@3�N� ��?�A@3P�� M?@L�?3??�
�@� 50 mm 94136.84 222116.07 316252.91
�A� A��,,� NML@�3�P� ���N?�3A?� M?AAA�3AN�
�L� L��,,� NMO@�3ON� ��M@�P3OM� M?ANLP3N��
�P� P��,,� NM�??3N�� ��O��?3AL� M?L�MM3@L�
�N� N��,,� NM�?L3?�� ��OO�O3O@� M?LOO?3@@�
�?�� ?���,,� N�P@@3��� ��OL@N3L@� M?LA?O3NL�
�??� ??��,,� N�L?P3O�� ��@�OM3M?� M?LLA?3LM�
�?�� ?���,,� N�A�?3�P� ��@�P@3NP� M?LPPL3�A�
�
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�?� 	/$&�(����"����
�!$&�(!"�

200mm 
heavyweight 
concrete 94136.84 222116.07 316252.91

��� 
&�!,(7��("&� N@@NN3P@� �?PALL3ON� M?O�LL3MO�
�M� �!,(/!$&� N�LOL3AM� ���P?L3@�� M?M@A@3?��
�O� �!�+"&� N�ANL3O?� ���PPO3OL� M?M@P?3PP�
�?� 	/$&�(����"����

	/'*"!$(�/�
�!$&�(!"�

No Insulation 94136.84� 222116.07� 316252.91�
��� �"!''K��"� N�LOL3AM� ���P?L3@�� M?M@A@3?��
�M� ��78K��"� N�LPN3?M� ���L@?3PL� M?M@O?3���
�?�

	/$&�(����"����
	/'*"!$(�/�
�!$&�(!"�
�%(78/&''�

No Insulation� 94136.84� 222116.07� 316252.91�
��� ?��,,� NMP�M3MO� �?N@�N3?O� M?MMM�3OP�
�M� ���,,�� NM�PL3P?� ���?M�3?L� M?MO?L3NP�
�O� M��,,� N�NPL3NA� ���OAO3�L� M?MO@�3�M�
�@� O��,,� N�PO�3�O� ���AAA3AP� M?M@�A3N��
�A� @��,,� N�LOL3AM� ���P?L3@�� M?M@A@3?��
�L� A��,,� N�L��3P�� ���N�P3OP� M?MA�N3�N�
�P� L��,,� N�AA�3?L� ��?��O3�?� M?MAPO3MP�
�N� P��,,� N�AMP3MA� ��?�NL3@�� M?MLM@3PL�
�?�� N��,,� N�A�N3?�� ��??L?3A?� M?MLP�3L��
�??� ?���,,� N�A�P3�L� ��?�?P3O@� M?MP�A3@?�
�?�� ??��,,� N�A��3PA� ��?�@N3�@� M?MPA?3N?�
�?M� ?���,,� NMNML3AP� ����PO3�L� M?O��?3N@�
�?�

�&!$(/1��&$���(/$'�

�?O� O@M@3PL� ���??@3OM� ��AA@?3M��
��� �?@� N?A@3A�� ���??@3OM� �M?�P?3�M�
�M� �?A� ?LA@L3LO� ���??@3OO� �MNLLM3?P�
�O� �?L� �NP@O3MN� ���??@3O@� �@?NAN3PO�
�@� �?P� OAO@@3?M� ���??@3@�� �AP@L�3AM�
�A� �?N� ALL�@3NM� ���??@3AM� �PNP�?3@@�
�L� H20 94136.84 222116.07 316252.91
�P� ��?� ?�A�A�3�O� ���?��3�@� MOP?PO3ON�
�N� ���� ?A@MOO3@�� ���?A�3@@� MPL@�@3�@�
�?�� ��M� �?NP?O3LP� ���O?A3?�� OO��M�3PP�
�?�


��"(/1��&$���(/$'�


�?� ?�OLO?3MA� MOMA�@3MO� OAPMOA3L��
��� 
��� ?�ON@�3��� �NNMAA3��� O�OM?P3���
�M� 
�M� NAL@A3AL� �@N�@�3AM� M@@P�N3M?�
�O� C24 94136.84 222116.07 316252.91
�@� 
�@� NM�A?3?L� ?PPA��3�@� �P?PPM3OM�
�A� 
�A� N�NLP3AO� ?@LN?L3�?� �@�PN@3PO�
�L� 
�L� N�PO?3PN� ?M�M�@3ML� ��M?AL3�A�
�P� 
�P� N�LAP3@�� ?�AO�N3L@� ?NN?NP3�L�
�N� 
�N� N�L?L3��� POPL@3OL� ?LL@N�3AA�
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�?�� � 
M�� N�ALN3?O� AA@@�3P?� ?@N�M?3N@�
�?� Schedule apartment 94136.84 222116.07 316252.91
��� �##(7& M?N?P?3P�� M�LA�@3OO� A�ALPL3M�
?�

�%!-(/1�

No shading 94136.84 222116.07 316252.91
�� @�T�/��$%�#!7!-&� N@?O�3P�� ���L�A3?�� M?@POA3NO�
M� ?��T�/��$%�#!7!-&� N@LL�3M�� �?NLO�3@L� M?@@?O3PP�
O� @�T�'�*$%�#!7!-&� NPLAP3�N� �?A?AP3NL� M?ONML3�A�
@� ?��T�'�*$%�#!7!-&� ?��AP�3?L� �?�@��3?O� M?@?P�3M��
A� @�T�B&'$�#!7!-&� NOPLO3?A� ����AN3M@� M?ONOM3@?�
L� ?��T�B&'$�#!7!-&� N@MMA3@L� �?PO@?3@?� M?MLPP3�P�
P� @�T�&!'$�#!7!-&� NOPON3?L� �?NPOL3PM� M?OANL3���
N� ?��T�&!'$�#!7!-&� N@M�A3�N� �?P�MA3OO� M?MMO�3@��
?�� ?��T�!""�#!7!-&'� ?�L�PP3N�� ���A�N3NM� M�NANP3PM�
�

4.2 Results of Sensitivity Analysis for One Parameter

�� $�$!"� �#� ?P@� !/!".;&'�B&�&� 1&/&�!$&-� #��� ��� -(##&�&/$� �!�!,&$&�'� +.� 7%!/1(/1�

�/".� �/&�  !�(!+"&� !$� !� $(,&� �/� $%&� ,!(/� ,�-&"2� !'� '&&/� (/� �!+"&� O3?3� �(/7&�

��&'&/$(/1� '*7%� !� "!�1&� /*,+&�� �#� !/!".'&'� (/� !�  ('*!"� B�*"-� +&� -(##(7*"$� !/-�

7�,�"(7!$&-2� $%&� �!�!,&$&�'�B&�&� #(�'$� !/!".;&-�B($%(/� $%&,'&" &'2� !/-� $%&/� $%&�

�/&'� $%!$� 7!*'&-� !� /�$(7&!+"&� -(##&�&/7&� (/� $%&� &/&�1.� 7�/'*,�$(�/� B&�&�

-&$&�,(/&-�!/-�!/!".;&-�'&�!�!$&".3�

4.2.1 Location

�%&�7%!/1&�(/�$%&�%&!$(/12�7��"(/1�!/-�$�$!"�&/&�1.�7�/'*,�$(�/� !"*&'�!77��-(/1�

$�� $%&� +!'&� "�7!$(�/2��/8!�!2� 7!/� +&� '&&/� (/� �(1*�&� O3?3�K%&/� $%&� ��� (/7&'� !�&�

'��$&-�!77��-(/1�$��7%!/1&�(/�$�$!"�&/&�1.�7�/'*,�$(�/2�($�('�'&&/�$%!$�<;,(�2�B%(7%�

%!'�!�,("-&��7"(,!$&�B%&/�7�,�!�&-�$���/8!�!2�/&&-'�,*7%�,��&�7��"(/1�&/&�1.�

!/-�"&''�%&!$(/1�&/&�1.2�!/-�($'�$�$!"�!//*!"�&/&�1.�7�/'*,�$(�/�('�!����D(,!$&".�
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��L�����8K%�,��&�$%!/��/8!�!3���;*�*,��!/8'�'&7�/-�(/�$%&�"('$�B($%�!/�!//*!"�

7�/'*,�$(�/�-(##&�&/7&��#�!����D(,!$&".���������8K%3���B& &�2���;*�*,2�B%(7%�

%!'� 7�"-&�� 7"(,!$(7� 7�/-($(�/'2� /&&-'�,��&� %&!$(/1� !/-� "&''� 7��"(/1� &/&�1.� $%!/�

�/8!�!2�*/"(8&�<;,(�3�

�

�
�(1*�&�O3?3���7!$(�/��!�!,&$&���##&7$��/��/&�1.�
�/'*,�$(�/�

4.2.2 Shape

�(1*�&�O3��'%�B'�$%&�-(##&�&/7&'�(/�$%&�&/&�1.�7�/'*,�$(�/��#�$%&�'&"&7$&-�+*("-(/1�

#��,'�!/-�#"����%&(1%$'�!77��-(/1�$��$%&�+!'&�7!'&2�!/-�$%&� !"*&'�(/�$%&�1�!�%�!�&�
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4.2.4 Wall
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4.2.5 Window
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4.2.6 Roof
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4.2.7 Interior Floor
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4.2.8 Basement
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4.2.9 HVAC
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4.3 Results of Sensitivity Analysis for Two Parameters

�'� ,&/$(�/&-� (/� $%&� ��& (�*'� '&7$(�/'2� $%&� ,�-&"� +!'&-� &/&�1.� 7�/'*,�$(�/�

!/!".'&'�B&�&�7!��(&-��*$�+.�7%!/1(/1��/".��/&��!�!,&$&��!$�!�$(,&�$%��*1%�*$�$%('�
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4.3.2 Wall Material, Wall Insulation Material and Thickness
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4.4 Determination of Most Effective Parameter
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CHAPTER 5

5 CONCLUSION
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5.1 Major Findings

�%&� ,!(/� �*$7�,&'� �#� $%('� '$*-.� !�&� -&$&�,(/(/1� $%&� �!�!,&$&�'� *'&-� (/� $%&�
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5.2 Limitations and Future Works
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