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INTRODUCTION

It has already been acknowledged that bu-
ildings are responsible for about 40% of all
energy consumption around the world, and
this rate has been showing an increasing trend
as buildings become more complex in respon-
se to the various comfort needs of the “users”
(EIA, 2012:20; Yilmaz, 2009:950-951).
Today, civil and governmental authorities
at both national and global scales are taking
actions to reduce energy consumptions, and
to control and minimize the adverse impacts
on the environment (COM, 2006:3-6; Kibert,
2002: 379-394; Lee and Yik, 2002:251-253).
One of the most important action came from
the European Union (EU), which issued the
Energy Performance in Buildings Directive
(EPBD) (2002). The directive requires all
member states to adopt their national calcu-
lation methods for the evaluation of energy
performances of buildings. Accordingly, each
and every government has re-organized its
policies, laws, standards and regulations to
define their methods.

Furthermore, the governments have been de-
veloping their own national assessment tools
and labelling systems such as BREEAM in the
United Kingdom, LEED in the United States,
HK-BEAM in China, Green Star in Australia,
DGNB in Germany, CASBEE in Japan, etc.
to control the performance of buildings. The
need to reduce the energy consumed by the

buildings as well as all the environmental
problems that are encountered more and more
brings out the idea of performance based de-
sign in the architecture, which can be defined
as a design optimization process regarding
any imposed design criterion and heavily de-
pends on the soft tools incorporated in the de-
sign process (Kolarevic, 2005:3). The use of
such tools starting from the very early phases
of the design process in an integrated way is
expected to improve the convergence of the
design to the design goal(s) i.e. performance
(Cakict, 2013: 1-14).

One of the highly recognized design perfor-
mance is the energy. Although there are se-
veral soft tools employed in the evaluation of
building energy performances, their use and
their integration to the design processes have
certain difficulties which can be summarized
as follows:

e The first is related with their structures
and the database they use, in that each is
developed by different countries for dif-
ferent regions and climatic conditions.
Accordingly, each uses different building
standards and calculation methods, and
each makes different assumptions and de-
faults in the evaluations, limiting their va-
lidity.

e The second is the requirement of techni-
cal expertise in the field. Since these tools
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have been developed primarily for use by
engineers, they require very high level of
technical knowledge on the subject.

The third is the requirement of complex
solid models; however, a 3D model of a
building can mostly be developed in the
late phases of the design process.

Moreover, the main focus of these tools is
on performance evaluation rather than gu-
iding the designer to support design decisi-
ons. However, they should be a part of the
architectural design process, so as to impro-
ve the design and to achieve the desired per-
formance goals in compliance with the local
legislations, standards and database. In this
regard, energy performance assessment tools
should be re-designed to integrate a perfor-
mance evaluation concept that can be appli-
ed throughout the entire architectural design
process.

It is obvious that there is a need for decision-
supports tools, which can easily be used in
every phases of the design process. In this con-
text, to fill this gap in the literature, a building
energy performance (BEP) evaluation prog-
ram, entitled as Energy Performance Advisor
(EnAd) is developed for evaluating the energy
performance of buildings. EnAd is developed
based on the requirements of the EPBD, TS
EN ISO 137901 Thermal Performance of
Buildings, the Turkish Regulation on Energy

Performance in Buildings (2008) and other re-
lated Turkish standards, laws and regulations.
The monthly evaluation method proposed by
TS EN ISO 13790 is employed in the analy-
sis. In the scope of this research paper, after
a brief introduction of the conceptual frame-
work and structure of the program, validity,
reliability, precision and usability of EnAd
are explained, and the use of the program is
exemplified with the help of a case study.

EnAd as ENERGY PERFORMANCE
EVALUATION TOOL

Building performances especially energy
performances can be evaluated by several
programs and building information model-
ling (BIM) tools through complex 3D solid
models, which can only be created towards
the end of the design. There are about 400
building analysis software (As of February
2, 2016, Building Energy Software Tools
Directory) for the evaluation of energy effici-
ency, renewable energy and sustainability in
buildings listed on the official website of the
US Department of Energy (DOE)?. A number
of programs have been developed to carry out
a building performance analyses on the entire
building while others are intended to address
a specific part of the building or process, or
developed for code compliance. However,
most tools require 3D model for the analysis,
which can be created to the end of the design
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when it becomes difficult to change design
decisions.

The most crucial decisions affecting the
energy performance are taken in the pre-
design and design phases, including orien-
tation, building envelope, window/wall ra-
tio, form and material properties etc. In this
respect, these soft tools should be capable
of being used in entire design process even
in the pre-design. EnAd, being a computer
program, aims to fill this gap and designed
to support the architect throughout the design

Energy Advisor

process. The tool is capable of computing
monthly and annual energy requirements of
a building for heating, cooling, domestic hot
water (DHW) and lighting, and assesses the
building’s energy performance through eva-
luations while providing feedback to impro-
ve the design. To use this program, it is not
necessary to complete the project, or even
to have a project at all. Another significant
feature of EnAd is that, it features a flexib-
le user-friendly interface (Figure 1) that does
not require any advanced expertise.

wwwwwwwwwwwwwwwwww
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Figure 1. EnAd User Interface for Data Inputs

EnAd uses Turkish (TS and TS ISO) stan-
dards, laws and regulations to determine
the constraints and objectives of the design
“guides” designers for energy-conscious de-
sign, but also serves as a “diagnostic tool,”
determining inconsistencies/deficiencies in
the legal framework. Thus EnAd can be con-
sidered as a design and evaluation interface,
providing a schema for performance-based
design, having performance objectives and
constraints derived from the legislations and
standards. EnAd is also intended to motivate

users to re-think the building design process,
considering energy as the performance crite-
rion. The objectives for the program are as
follows:

e To operate as an evaluation tool for the
assessment of the energy performance of
buildings that can be used even in the early
phases of the design process.

e To help the designer determine the level
of energy performance at any stage of the
design process, which will be shown on
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the energy performance certificate of the
building.

To be flexible and easy to use.

To be used recursively in the design of
new buildings as well as in retrofitting
practices.

To guide the designer towards achieving
higher energy performances with the help
of explanations related to design decisions
and feedback, both on legislation and the
design decisions made for each step, if
possible.

To evaluate the energy requirements,
energy consumption, primary energy
need, and accordingly, CO, emissions of

a building.

To help design buildings with high energy
performance and low CO, emissions.

e To assess the energy performance class
and greenhouse gas (GHG) emission class
according to consumption data.

Program Structure of EnAd

EnAd is a soft tool for the evaluation of the
energy performance of residential buildings
considering the energy requirements for the
four energy parameters: space heating, coo-
ling, domestic hot water and artificial ligh-
ting. Heat transfer calculations within EnAd
are derived based on EPBD, Turkish BEP
Regulation and the related standards and do-
cuments. The general program structure of
EnAd is illustrated in Figure 2. As in many
other evaluation programs, EnAd requires the
selection of location or weather data, building
form, material properties, and options for ser-
vice systems with a schedule of use.
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Figure 2. Program Structure of EnAd

Data Structure of EnAd

In EnAd, design decisions and factors af-
fecting the energy performance of buildings
defined by TS EN 15217°, including thermal
characteristics of buildings, space heating,
domestic hot water supply, air conditioning,
ventilation, lighting, passive solar heat sour-
ces, solar protection and energy production;
and TS 8254 including thermal characteris-

tics of the building, types of heating system,
indoor air quality, climatic conditions, inner
heat gain resources and solar radiation form
the bases of the tool.

These decisions and factors are taken into
consideration to produce an outline that will
form the conceptual structure of EnAd, which
suggests investigating them under four main
headings:

181



tion
azation 7,
o¥

Ny (1) A’@L Q %,
T AE $ A N
HNCAY ISO  Onsasisooi
z P E 2 g <~
IS0 14001 S

~— 10002

MTD

www.mtddergisi.com
ULUSLARARASI HAKEMLI TASARIM VE MiMARLIK DERGISi
Ocak / Subat/Mart / Nisan 2017 Say1: 10 Kis - flkbahar
INTERNATIONALREFEREEDJOURNAL OF DESIGNANDARCHITECTURE
January / February / March / April 2017 Issue: 10 Winter — Spring
ID:121 K:205
ISSN Print: 2148-8142 Online: 2148-4880
(ISO 18001-OH-0090-13001706 / ISO 14001-EM-0090-13001706 / ISO 9001-QM-0090-13001706 / ISO 10002-CM-0090-13001706)
(Marka Patent No / Trademark)
(2015/04018 — 2015/GE/17595)

e Site-related characteristics: Location

e Form-related decisions: Definition of
the building form

e Construction-related decisions:
Properties of the building envelope

e Energy-related decisions: Building
systems

The second step of the development process
of EnAd is to investigate the relationship
between design decisions and factors affec-
ting the energy requirement of buildings and
legislation, which includes directives, stan-
dards, laws and regulations. To this end, the
Turkish legislation regarding the energy per-
formance of buildings is reviewed and gro-
uped according to the design decisions as
shown in Figure 3.
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Figure 3. Flowchart Showing the Design Decisions in Relation to Turkish Legislation
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Legislations and Calculation Method Used
in EnAd

The core document in the assessment of
energy performance of buildings is Directive
2002/91/EC on Energy Performance
Buildings (EPBD). For the implementation
of EPBD objectives, the directive addresses
several standards, including CEN/TR 15615°,
EN 15217, EN ISO 13790 and EN 15603¢.
General relationship between these standards

in

is illustrated in Figure 4. The development
of EnAd is based on TS EN 15217, TS EN
15603 and TS EN ISO 13790, as well as the
Turkish BEP Regulation, with several as-
sumptions in accordance with the specific
conditions of Turkey. These documents are
accepted as the umbrella documents of EnAd,
while the standards related to inspections of
heating and cooling installations are not inc-
luded in the program.

Directive
2002/91/EC

on the Energy Performance of
Buildings (EPBD)

Umbrella Document
CEN/TR 15615

Explanation of the relationship
of EN standards and EPBD

Minimum Energy

Caleulation Methodology Performance Requirements

Aricle 4-5-6 Aticle 4-5-6

Energy Performance
Certificate

Inspection of Boilers and
Air-conditioning

Article 7 Article 8-9

EN 15217 EN 15603

EN 15603 EN 15378

| | Ways of expressing energy
performance

EN ISO 13790

Energy needs for
heating and cooling

|| Energy use, system losses
and auxilliary energy

EN 15217

Ways of expressing
requirements for regulations

Definition of energy ratings Heating systems

EN 15217

EN 15240

Energy performance

certification of buildings Alr-condifoning

EN 15239

Ventilation systems

Figure 4. General relationship between EPBD and European Standards regarding the

Energy Performance of Buildings (adopted from CEN/TR 15615: 2008)
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In EnAd, for the energy used in space heating
and cooling, the monthly calculation met-
hod based on TS EN ISO 13790 is preferred.
The reason is that, although the simple ho-
urly method makes a comparison of hourly
changes in the building, the monthly method
is accepted to give more reliable and accurate
results for annual calculations. Furthermore,
the simple hourly method is based on direct
calculations and the results cannot be control-
led by the user; whereas the monthly method
offers to use convergence coefficients, allo-
wing the control of subsequent calculations
in the evaluations'.

Data Handling and Decision Making

The program requires the uploading of input
data, which are directly related with the design
decisions. According to the location selected,

the program automatically provides a refe-
rence building, on which the designer is in-
formed with related legislations, standards as
well as can observe how the decisions evolve
the design affecting the performance. EnAd
provides feedback through the reference bu-
ilding, showing the objectives/constraints as
described by the legislations, standards and
etc. The program calculates the energy need,
evaluates the energy performance, and ma-
kes an assessment of the energy performance
class of the building by comparing the results
with the reference building and the improved
case. If the user follows the feedback provi-
ded, s/he can improve the design in terms of
optimum energy performance. The data flow
and general structure of the program is pre-
sented in Figure 5.
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Figure 5. Data Handling and Decision Making in the Program
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Input and Outputs

The program interface comprises the follo-
wing parts:

e Data input page, which is the main screen
of the program, and includes data inputs,
explanations, feedbacks and the legislati-
ons related to the design decisions.

e Weather data page, presenting the climatic
data for 81 cities of Turkey, and allowing
the addition of data for new cities,

e Calculations page, providing the tables and
graphs showing the calculation steps of the

evaluation,

e Results page, presenting the results of the
energy performance evaluation of the bu-
ilding, and

e Feedback page, providing feedback related
to the design.

The interface layout of the data input sheet is
presented in Figure 6.

- Information Bar
Loeation
1 -nll (]
Definition of
Building
Form

Explanations
Legislations

Feedbacks

Properties of
Building
Envelope

Building
Systems

Figure 6. Interface Layout of the Data
Input Sheet

The location input requires an evaluation of
the climatic conditions and immediate surro-
undings of the building (Figure 7). According
to the location selected, the tool presents data
and feedback related to the city selected,
which helps to define the limit values for the
city based on current legislation.
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Explanations

1. Location

City Ankara -

Heating Degree-Day Region 1] HODR map

Cooling Degree-Day Region n

Solar energy potential n Solar energy potential map

Wind potential v Wind potential map
Region |Urban - ‘

Shielding T Moderate shielding -

Dwelling type Single-family house -

Structural system |Masunry - ‘

Figure 7. Example of Input Data for Location

The second step of data inputs is the definition also defined in this step as well. According to
of the building form. Considering the orien- the data provided, the program calculates the
tation of the building, the dimensions of each construction area, the conditioned area and

facade and window are entered for different volume, the thermal envelope area and com-

types of floors as shown in Figure 8. The ge-

pactness ratio, etc.

neral properties of the basement and roof are

2. Definition of the Building Form; Size & Dimensions

South East North West Height
Fagade length for basement m . .
Fagade length for ground floor m 75 8 75 8 3 Wlndow/ Wall Ratio
Facade length for typical floors Yom 95 58 95 58 3 ¥ Windows 8 Walls
Total length for Door & Windows A m 0 2,25 ) 175 2 )
Basementfagade area m? o 0 0 0
Ground floor fagade area m? 225 24 225 24 # of typical floors
Typical floor fagade area m? 285 174 285 174 1
Total Door & Window area m? 0 9 o 7 South East North West
Perimeter (m) Floor Area (m2) Net Floor Area (m2) Volume (m3) Net Volume (m3)
Basement 0 0 0 0 )
Ground Floor ! 31 [ 60 57,6 180 144
Typical Floor ! 30,6 [ 55,1 52,9 1653 132,2

#of floors #of flats #of person
Fl Il of
loors & people above around on each floor on each flat ot # oA person
2 1 15 3

Figure 8. Data Input Example for Form Definition
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The properties of the building envelope are
determined in the third step (Figure 9). Since
EnAd has been developed especially for use
by architects, paramount importance is given
to design decisions. For this reason, unlike
the other tools, which prioritize the mecha-
nical systems, the main focus of this tool is
on the pre-design phase. The program allows
a definition of the properties of all surfaces
of the building envelope, including the four
facades, the below-ground basement walls
earth and above-ground walls, the ground
floor, the basement floor, any cantilever

East fagade

Type of fagade/wall

Fagade color

Light color

Exterior coating type Painting

Airgap Ho air gap

Exterior plaster Plaster, Cement, sand

Thermal insulation Expanded polystyrene (+=0,040)

Wall Hollow brick (750-density)

Inner/ Interior insulation Expanded polystyrene (}=0,040)

Second layer wall Hollow brick (750-density)

LI IR I I B R B I |

Interior plastericoating Fiaster, lime, sand

floors, ceilings or flat roofs, inclined roofs,
windows and doors. Several options are pro-
vided in the program for each surface, such
as default construction type, the manual defi-
nition of layers, as well as adjacency to con-
ditioned or unconditioned spaces and interior
surfaces. As shown in Figure 9, the user can
select different material layers from editable
dropdown menus provided for each materi-
al. Options for windows and shading are also
defined in this step in the program, including
single, double and triple glazing with diffe-
rent types of window frames.

=,

221200

U-value shoukd be low er than 0,50

Figure 9. Definition of Properties of the Building Envelope

The final step in the data input phase is the
determination of the natural and mechani-
cal systems used in the building. Contrary
to many other tools, this phase is kept bri-
ef, since the tool has not been developed for
system design or sizing. The primary goal of
such an informative step is to give the de-
signer an idea of building systems, and the-
ir approximate effects on the results, and in
turn, on the energy performance of buildings.

The program provides several options for
space heating, mechanical cooling and wa-
ter heating systems (Figure 10). The space
heating systems include community heating
systems, central heating systems, warm air
systems, room heaters, electric under-floor
heating, electric ceiling heating and air con-
ditioners. The list of cooling equipment con-
sists of three types of air conditioner with ten
energy efficiency classes, as described in EU
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Directive 2010/30. The water heating equip-
ment can be selected from among stand-alone
water heaters, or it can be provided by space
heating system if required. The user can also
define the properties of natural ventilation

and mechanical ventilation in EnAd. Similar

Space Heating Preferences

Heating Set point 22

Type of Space Heating Equipment ‘ Condensing combi

Thermostatic control ‘Programmer (time contrel)

Domestic Hot Water Supply

Use water temperature

Citywater temperature, average

DHWdemand,  type of calculation ‘ Jiter per person, average

Type of Heater ‘ by Space Heating System

Space Cooling Preferences

Use of Mechanical Cooling

Cooling Set Point 26

Type of Air-conditioner ‘ Air-conditioner, except single/double duct

Energy Efficiency Class of air-conditioner ‘ 8

Usage ‘Conlmuuus usage

to ventilation, infiltration, which can be de-
fined as the airtightness level of the building
envelope, can be activated or deactivated in
the evaluations. The last step in the data input

phase is the definition of artificial lighting.

Equipment Efficiency 084
Primary Energy conversion

GHG emission conversion 0,234

Equipment Efficiency
Primary Energy conversion

GHG emission conversion

Equipment Efficiency
Primary Energy conversion 313

GHG emission conversion 0,626

Figure 10. Definition of Properties of Building Systems

In order to maintain flexibility and speed
when using EnAd, four output groups are pro-
vided by the program: quick results, shown
on the data input sheet, as well as calculati-
ons, results and feedback. Since the program
has been developed to be informative and to

raise the consciousness of the designers, the

quick results on the input page have great
significance, aiming to provide feedback in-
formation that relates to the design decisions
and performance goals, from which the user
is expected to adjust her/his decisions accor-
dingly. The quick results include an ‘informa-

tion bar’, ‘explanations, ‘feedback’, ‘related
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legislation’ and ‘other resources’. The inter-
face features an information bar at the top of
the data input screen, which shows the an-
nual energy requirement and primary energy
use for heating, cooling, DHW and lighting,
as well as the energy performance class and
GHG emission class of the building (Figure
11). The explanations section provides maps,

Energy Aduvisor

Energy Performance of the Buikling Heating Cooling

tables and graphs to summarize and illustrate
the current situation; while the feedback part
provides information and warnings related to
the performance goals to be achieved. These
quick outputs are updated after each change
in the design, and show the effects of each
decision on the results.

Explanations
Primery Energy Use _kWhin a

251

Total

KWhint a
Kb/t a

‘Annual Energy Need
Annual Primary Energy Consumption

153,5
183

144 28

37

Lighting
13

32

183

_

209
251

32

I

Energy Performance Class
GHG Emission Perfomance Class

Heating Cooling DHW Lighting Total

Figure 11. Information Bar at the Top of the Input Page

The second type of output provided by the
program is the Calculations. The user can fol-
low the calculation steps and the intermediate
steps of the evaluation, as well as the monthly
results in detail. The Results page is not as
technical as the calculations section, as its
function is to present a summary of the cal-
culations. One of the most important outputs
in the results is the indication of performan-
ce classes. As shown in Figure 12, the results

sheet presents the energy performance class
and GHG emissions class of the original buil-
ding, the reference building and the improved
case, as well as A and G limits of the legisla-
tion in both table and graphical forms. These
performance tables and graphs notify the user
of the status of the design and give indicates
suggested actions for the achievement of bet-
ter results.
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Energy Performance Class of the Building

Real Building RG Energy Performance Class
Energy Performance kWh/m? y ear 251 285 c
GHG emission kg eq. COym? year 71 47 F

Energy Performance

525
251
178
120
J .

A limit Improved C. Real B. Ref.B. G limit

GHG emission

87,5
71
42
20
J . I

Alimit Improved C. Real B. Ref.B. G limit

Figure 12. Presentation of Pe

The Results sheet also presents the monthly
and annual energy requirements, the energy
use and the primary energy requirement
for heating, cooling, DHW and lighting.
Although results for each unit are preferred

to permit ease in comparison, the results are

rformance Class of the Building

provided for both the entire building and for
each unit. The monthly and annual results are
presented as both tabulated numerical outputs
and graphical outputs, as presented in Figure

13.

Energy Performance of the Building for per m?

® Energy Need

Energy Performance of the building

W Energy Use = Primary Energy B GHG emission

233
251

@
S
B

Space Heating Domestic Hot Cooling Lighting TOTAL
Water
for per m? Energy Need Energy Use Primary Energy GHG emission
kWh /m? year KWh /m? year KWh /m? year kg eq. CO2 /m? year
Space Heating 153 183 183 43
Domestic Hot Water 28 37 37 9
Cooling 14 0 [ 0
Lighting 13 13 32 20
TOTAL 209 233 251 7

Figure 13. Presentation of Energy Performance of the Building per Unit
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The most important output provided by the
program is the Feedback, which is compiled
and presented on the feedback page in tabular
form, and also on the data input sheet to fa-
cilitate design decisions. The feedback page
provides summary information about the de-
sign decisions, making a comparison with the
performance criteria defined in a provided
list of legislation, and making recommendati-
ons related to the decisions.

USABILITY, VALIDITY, RELIABILITY
and PRECISION of EnAd

Validity, Reliability and Precision of EnAd

As in many other evaluation tools, the vali-
dity, reliability range and precision of EnAd
is explored in detail through several case
studies including a reference case that is the
worked example in TS EN ISO 13790; gene-
ric cases, in which the major features of bu-
ildings affecting energy performance are stu-
died in order to observe the validity of EnAd;
and existing building projects for which the
energy consumption data is known so as to
observe the convergence of the results of
EnAd with those of the other programs.

For comparative studies, three different BEP
evaluation tools are selected: DesignBuilder,
which is a comprehensive simulation tool
with embedded CAD modelling and a rich
library; HAP, which is a text-based simulati-
on tool used for the design of HVAC systems;

and EnerCalc, which is a calculation tool ba-
sed on German standards. These three prog-
rams, developed by different countries and
using different methods of calculation, are
internationally acknowledged for their accu-
racy. Around 150 generic cases are developed
by changing one feature for each step to exa-
mine the effect of each parameter/assumption
on the results. For the benchmarking study,
one existing building is assessed by the tools.

Considering the results obtained from all ge-
neric cases including extreme conditions as
well, 156 in total, evaluated by the four prog-
rams, the precision and reliability of EnAd in
the calculation of heating, cooling, lighting
and DHW requirements is proven. It can be
noted that EnAd gives consistent results in it-
self and for many cases gives average results
for energy requirements for heating, cooling,
DHW and lighting.

The convergence of the results is shown in
Table 1. As can be seen from Table 1, the con-
vergence of the results of EnAd with respect
to those of DesignBuilder, HAP and EnerCalc
for heating is found to be between -18 — 5%,
for cooling between -22 — 8%, for DHW bet-
ween -28 — 9%, and for lighting between -8
— 17%. These discrepancies in the results can
be attributed to the different energy models
and calculation methods employed by the
four programs, and also differences both in
the data input and the databases used by the
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programs related to climate, net area and vo-
lume assumptions and construction type, as

well as the defaults of each program, such as
correlation coefficients and average values.

Table 1. Convergence of the Results of EnAd for Heating, Cooling, DHW and Lighting

DesignBuilder | HAP | EnerCalc
Heating -18% 3% 5%
Cooling -22% 8% 1%
DHW 9% -4% -28%
Lighting 17% 10% -8%

Usability of EnAd

Usability tests are also conducted to test the
flexibility and ease of use of EnAd. The usa-
bility of the program is tested by means of
a prepared protocol, designed to check the
circumstances under which users have tro-
uble with questions, options, values, expla-
nations and activities. The results of the usa-
bility test reveal that the program is proven
in its usability, understandability, efficiency
and sufficiency, while also being informati-

ve for the user. They validate the usefulness
of the explanations and feedback provided
by the program in improving the design. The
results also show that using EnAd to assess
the energy performance of a building is not
a time consuming process, and can be done
without the need for complex models. As a
part of the usability test, Figure 14 presents
time spent for each step of data input (steps
1-4) and improvement of the design (steps
5-10) in EnAd.
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Figure 14. Time Spent for Each Step of the Design in EnAd

CASE STUDY: EVALUATION of a LOW-
RISE BUILDING

Description of the Case Study

In this section, the use and major features of
EnAd has been exemplified on a single-fa-
mily house, which is located in the western
part of Ankara. The house selected for the
case study is a terrace house, inhabited since
1994. The terraces on the site feature between
three and five houses; and the house selected
for the study is the center dwelling in a terra-
ce of three houses, oriented in an east-west
direction. The total floor area of the house
is 115 m?, of which 60m? is the ground floor
while the upper floor is 55m?. The ground flo-

or contains a living room, kitchen and toilet,

and upstairs there are three bedrooms and a
bathroom. The house features one meter wide
cantilever floors on the first floor, and there
are no balconies. The house is constructed
using a sandwich wall system and has an un-
conditioned pitched roof. The ground floor is
in contact with the earth, having no basement.
It has low insulated walls with a U-value of
0.80 W/m?K, and a moderately insulated gro-
und floor (0.60), ceiling (0.35) and cantilever
floors (0.40). The windows are the standard
type for Turkey having a U-value of 2.20
while a very low window-wall ratio (WWR)
is used, which is about 8%. Architectural dra-
wings of the building are provided in Figure
15.
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Figure 15. Ground Floor Plan (top) and Upper Floor Plan (below)

Evaluation Results

The owner of the house provided architectural
drawings, as well as data on natural gas and
electricity consumption for the last four years
in the form of bills. The house is heated by
a non-condensing combustion boiler witho-
ut a programmer or thermostatic valves that

also provides DHW. The property is naturally

ventilated and has no air-conditioner for mec-
hanical cooling. Based on the data provided
by the owner and the architectural project, the
house is evaluated by EnAd and other three
programs. Although the building is not coo-
led mechanically, the energy requirement for
space cooling is evaluated for comparison
among the results of the programs. The eva-

luation results are presented in Table 2.
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Table 2. Evaluation Results for the Terrace House in Ankara
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The evaluation results of the annual energy
need and energy use of the building are pre-
sented in Table 2. Among other three prog-
rams, EnAd shows average results for energy
need for space heating, cooling, DHW and
lighting. The closest results to EnAd is ob-
served in HAP, and followed by EnerCalc.
DesignBuilder, on the other hand, shows the
most diverse results for all conditions. The
result of EnAd for energy need for heating
differs from HAP by 5%, EnerCalc by 7%,
and DesignBuilder by 15%. For cooling, it is
lower than HAP as 13% while being higher
than EnerCalc as 24% and DesignBuilder as

25%. The result of EnAd for energy need for
lighting differs from HAP by -13%, EnerCalc
by 17% and DesignBuilder as -19%, while
that for DHW supply is higher than HAP as
5%, EnerCAlc as 47% and DesignBuilder as
6%. Regarding the energy use of the building,
the difference between the results is getting
higher as a result of the conversion coeffici-
ents used by the programs. The convergen-
ce of the results of EnAd to the other three
programs for energy use for heating is about
-21% — 15%; for cooling about -77% — 27%;
for lighting about -19% — 17%; and for DHW
supply about 5% — 60%.
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Energy Performance of the building

M Energy Need B Energy Use M Primary Energy B GHG emission

233
251

=]
=]
™

Space Heating Domestic Hot Cooling Lighting TOTAL
Water

Figure 16. Output of EnAd for Energy Performance per Unit

Energy Performance of the building

M Energy Meed B Energy Use M Primary Energy B GHG emission

23099
25 757
27785

Space Heating Domestic Hot Cooling Lighting TOTAL
Water

Figure 17. Output of EnAd for Energy Performance of the Entire Building
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As shown in Figure 16 and Figure 17, the an-
nual energy consumption for space heating of
the building is found by EnAd to be 20,191
kWh, and 4,075 kWh for DHW for the entire
building. Based on these results, annual natu-
ral gas consumption is calculated at 1,898 m?
for space heating and 383 m’ for DHW, mea-
ning about 2,281 m? in total. These results are
very close to the data taken from the utility
bills, which showed about 2,429 m? of natural
gas consumption annually. Regarding elect-
ricity consumption, EnAd only gives results
on energy requirements for lighting, disre-
garding the requirements for other electrical
equipment in a building. According to the re-
sults provided by EnAd, the building requires
1,491 kWh of electricity for artificial lighting,
and so the remaining annual electricity con-
sumption of 3,275 kWh may be attributed to
other home appliances. Differences in results
may be attributed to the thermal bridges, win-
dow shading, shading from outside objects,
occupant behaviors as well as the schedules
of the building systems and occupancy.

CONCLUSIONS

In this paper, it is aimed to discuss the im-
portance of integration of energy evaluation
tools to the whole architectural design pro-
cess as well as the possible role of legislati-
ve framework in improving the energy per-
formance of buildings through the soft tool
introduced in this study. EnAd as the soft

tool developed to respond to such discussi-
ons has been described and illustrated on a
case study. The most important contribution
of the tool development process and the tool
itself to the literature is that EnAd enables
the determination of missing documents in
the legislation, inconsistencies between the
documents (including overlaps or contradic-
tions), and missing values and performance
criteria in the documents and in the national
database that are necessary for the evaluati-
on of the energy performance of buildings.
Another contribution relates to the informa-
tion provided during the use of the program.
EnAd, provides warnings and feedback based
on current legislation, the reference building
and the improved case for the improvement
of the design, while allowing the designer to
follow the effect of each design decision on
the results and on the energy performance
class of the building. The conducted usability
tests reveal the informative nature of EnAd,
and prove its usefulness with the explanati-
ons and feedback provided for improving the
design. In this respect, the program brings a
unique and highly informative function to the
field.

Schlueter and Thesseling (2009:153-154)
assert that it is very important for a design-
support tool to give tendencies for design de-
cisions instead of giving very precise results
in early design phases, which has also been
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accomplished by EnAd. Usability tests show
that energy performance evaluation of buil-
dings can be performed easily and quickly,
and the tool can be used recursively for the
improvements of the design while informing
about the design limits and the related legis-
lation on the subject. Other advantages the
program offers include easy to use, usable in
all phases of the building design process whi-
le providing numerical and graphical outputs
for the energy performance.

As a conclusion, decision makers, from stu-
dents to designers, and from architects to en-
gineers, should be fully aware of the effects
of their decisions on the energy performance
of buildings. While legislation is the means
by which international and national policies
are put into practice, all legislation should be
organized as a “guideline” to the architectural
design process to assist the decision makers
in their assigned tasks. Legislation aims to
satisfy minimum targets; however they sho-
uld also provide optimum values/criteria for
the optimization of design. As shown in the
case study, the existing building studied only
satisfies the maximum limits of the legislati-
on. Rather than being satisfied with achieving
the minimum requirements, decision makers
should be encouraged to aim for the best pos-
sible solution.
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NOTES

1. TS EN ISO 13790 Thermal Performance of
Buildings.

2. The US Department of Energy (DOE) de-
velops, promotes and invests in new tools
and software programs related to energy
efficiency and renewable energy techno-
logies.

3. TS EN 15217 Energy Performance of
Buildings - Methods for Expressing
Energy Performance for the Energy

Certification of Buildings.

4. TS 825 Thermal Insulation Requirements
for Buildings.

5. prCEN/TR 15615 Explanation of the
General Relationship between vario-
us European Standards and the Energy
Performance of Buildings Directive

(EPBD) - Umbrella Document.

6. TS EN 15603 Overall Energy Use and
Definition of Energy Ratings.
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