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Volume 5 — lssue 1 — Nature in general and especially climate, play a decisive role in
June 2020 defining the architecture of a place or people over time.
. Therefore, it is more convenient to look at architecture as a
DOL: . mirror reflects people's adaptation and behavior to the
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environment over time. Because of mainstream design with low-

Article history: tech conditions, the climate is the predominant power that
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K ds: environmental conditions. Traditional houses were adopted to
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Vernacular architecture, through the most rational elements, such as building floor plans
courtyard, climatic factor, (spatial organization), materials, shapes, details and floor effects
Computer simulation, in various ranges. As a result, these architectural features
thermal comfort, marked the identity features of local architecture in the city. For
thermal performance. this reason, the paper focuses on testing the thermal

performance of some types of vernacular houses commonly used
in the city of Sulaimani, especially in the traditional zone of the
city. To achieve the research objectives, the study followed
experimental analytical methodology, using outputs of the most
appropriate software (Design Builder) to test the performance of
three common types of local traditional houses (single and
double floors). It appears that the type L with single floor is the
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most efficient, but the U shape with single floor recorded the
highest number of days throughout the year when energy was
needed.
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1. INTRODUCTION
The structure and the form of residential units are formed due to the cultural condition, which
reflects socio-cultural components, (e.g. religion). The structure of the family and society are
additional significant parts of culture that influence building and built up environment. [1].
Consequently, it can be said that, the physical environment is reflection of these socio-spatial
associations and the climatic condition as well, which try to make the private environment of
family life.
Traditional house is viewed as an environmental and social responsive architecture, coming
from the immersive quantities of progenitor's core through hundreds of years of inhabitation.
Collected over long time, climatic reaction obligations suggested in traditional houses are the
most significant encounters demonstrating the characters of eco-friendly conducts of man.
Coch states that the environmental factors are crucial among the other driven powers, where
socio-culture, economy, spiritual or material assets and valuable method, etc., creating
differences in architectural forms. [2]. The absence of clear view related to which of
traditional dwelling types poses the most thermal performance, and considered as the most
convenience type environmentally, is formed the problem research. This absence is due to
existing of many types of traditional dwellings in the city, aiming to find out the basic
architectural element, which is used in this preferred type that acted on dwellings to be eco-
friendly, and close to the thermal comfort.
The entire procedure aimed to recognize some traits of Kurdish architecture identity. Finally,
to recommend experimentally evolving in to the future design of houses in the city.

2. LITERATURE REVIEW

2.1 Vernacular Architecture

Vernacular architecture has many definitions as its components themselves. Starting with Paul
Oliver who says: "Vernacular architecture is a field of architectural theory that examines the
structures created by empirical builders without the intervention of professional architects. [3]
As called by Bernard Rudofsky " architecture without architects ", has generated from age to
age through (trial and error) procedure, to address their issues and values. Since the absolute
starting point of architecture, had been depended on knowledge and experience, traditional
architecture has attempted to accomplish convenience among environment and buildings. [4].
In the case of vernacular architecture with a low-tech technique and available technology, the
environment becomes the crucial force determining the pattern of its architecture. Thus, as
long as the macro-climate changes from one place to another, the vernacular architecture also
seems to be varied, due to the environmental circumstances.

The achievement of several objectives, such as thermal performance, which has been more
and more adopted with design techniques related to energy considerations, and the latter
formed the basics of bioclimatic concepts. The integration of space organization concepts
harmonizes with natural heating, cooling, ventilation and lighting techniques, and the
application of the passive impact of natural material with environmental solutions and their
techniques.
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2.2 Built environment and human comfort

Man-made environment has effective influences on human's gratification and well-being.
Building's reaction to occupants' physical and mental needs is fundamental to give them a
feeling of self-esteem, wellbeing, and protection. Despite all these, it is important to get solid
situation, in order to please, elevate, and unwind or furnish contact with nature. [5].

To achieve the real satisfaction, the human body should therefore be at a level of comfort, that
depends on the adaptation of the inside to the outside environment.

Accordingly, the environment has the highest crucial influences that can affect human
comfort. Regarding the differences in the climate components in different places of the world,
each place therefore needs its specific design and techniques in construction approaches or
methods, that capable to provide human comfort.

2.2.1 Climate comfort in Architecture

“One of the effective factors in the human life, health and comfort is climate comfort. A
human being directly and indirectly has been affected by this condition” [6]

Gioni presented a bioclimatic chart of building and Elgi presented humidity and heating
conditions about human needs and climate design then drew the bioclimatic chart [7].
Ghobadian and Mahdavi, (2013) had presented different mechanisms for analyzing thermal
comfort and climate control techniques. Saligheh, (2004) has presented climatic design
models convenience with the regional climate for the improvement of thermal comfort and
raising the related indexes. Razjooyan, (1988) has tried to analyze the effective factors of
comfort by publishing his valuable book, entitled “Comfort by Architecture Compatible with
Climate”. [8]

Depending the above-mentioned researches, the man-made environment is to a large extent
linked to the climate conditions. Furthermore, there are different classifications of architecture
depending on the climate traits, such as cold, temperate, warm-humid and hot-dry climate. We
can use these classifications to achieve a comfort level when the purpose is to build in
different climate zones.

2.3 The thermal performance of buildings

The precision of any thermal reproduction has direct impacts on the thermal performance of
any building, and the required plan of thermal and cooling loads to support thermal comfort.
Numerous factors influence the thermal performance of a building, and both independent and
interconnected factors impact the thermal performance, with some having a more prominent
effect than others [9].

Because of the dynamic traits of climate conditions, these factors are continually changing,
which makes it hard to precisely predict the thermal energy performance [10], [11].

To get an exact appraisal of the thermal performance of a building, a record should
consequently, be taken as a whole system, under the conditions of external variables. [11].

2.4 Traditional Housing (techniques and solutions)

In the traditional dwelling patterns, there is the high-level harmony between buildings, place
and geography. Moreover, the utilization of available materials and forms along with the local
culture makes a sustain agreement and uprightness between the buildings. As it were, the
traditional dwelling has just accomplished the high degree solutions environmentally in terms
of the thermal comfort; furthermore, the current environmental dialogue has been consolidated
into the typology of traditional housing.

Techniques of construction, and all related issues of vernacular architecture are increasingly
founded on accumulated knowledge based on (trial and error) rather than systematic practices.
Vernacular buildings pose a decent answer for the climatic requirements, and there are
enormous ways to resolve the similar or equivalent climatic problem [12]. It suggests a
congruity between buildings, inhabitants, and surrounding. These types of structure developed
historically to mirror the ecological, social and cultural setting in which they exist.[2].

Various common techniques have been used, which generally reflect their rational solutions to
the severity of the weather and are considered to be the thermal performance of these
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traditional buildings, such as (Clay bricks - low heat radiation, low cost, availability. Thick
walls - high insulation, small windows not facing the sun, Roof - windbreak for cooling the
interior. Mashrabyia - shades - limiting glare from light, and courtyard with partial greening to
shield dust in the prevailing wind ...)

2.5 Courtyard Houses as the basic type of traditional architecture

The history of using courtyards could be returned to 5000 years ago in Egypt. It is one of the
traditional architectural solutions, which are used continuously in different climate zones and
cultures along thousands of years [13].

One of the main reasons for using courtyard is its performance toward the environmental
effects. So, It has been used in different climates as a socio-spatial, climatic and design
modifier, which has led to a more successful solution through ancient periods until today. Fig.
(1)

It can be a sunscreen, natural ventilation and a natural evaporative cooling element using
vegetation and fountains. Moreover, the high walls around the courtyard can increase the
shaded area, which reduces the temperature of the ground surface. In this process, the volume,
shape and ratio hold the crucial influences.

The courtyard tends to vary in size and shape depending on its geographical location and
climate. It can be completely closed or semi-closed. In other words, it can be square (closed
on all sides), U-shaped (closed on 3 sides with the fourth side open), L-shaped (open on 2
sides and closed on the other 2 sides) and I-shaped (open on 3 sides and closed on the other
side). Each shape has its thermal performance, which is different from the other.

Figure 1: Courtyard as the most climatic modifier element [13].

3. METHODS AND MATERIALS

Bioclimatic study of Sulaymaniyah city is crucial to investigate the differences in climatic
comfort of different types of dwellings - caused by the shape of courtyards - either to
determine the influence of building layout on thermal comfort within traditional residential
buildings or to determine their climatic conformity during hot and cold seasons. This was
done with the help of simulation software (DesignBuilder).

The process carried out to achieve the objective of the study, using the following analytical
methodology:

The climatic and bioclimatic analysis of Sulaymaniyah city.

Analysis of the selected types of traditional residential models.

Simulation for the used types by using the Sulaymaniyah climatic data.

Analyzing the software results for indoor temperatures and relative humidity in the
hot and cold periods for the selected residential types.

Sow>»

3.1 The climatic analysis of Sulaymaniyah City

The city of Sulaymaniyah is located in the North East part of Iraq in a mountainous area of the
country near the Iran-lraq border. Figure (2). Its latitude is 35°33'53.86" north and
45°25'68.44" east, and its altitude above sea level is 847 m. [14]
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Figure 2: The Map of Iraq and location of Sulaymaniyah city according to it (maphill, 2011).

The climatic analysis is carried out using data collected based on EPW (energy plus weather)
file of the Sulaymaniyah weather. These were reproduced by the Climate Consultant 6.0

software.

Below is an analytical overview of the data:

3.1.1 Solar brightness and radiation:

Direct normal solar radiation in the city reaches its minimum in November and February,
which is about 150 Wh/sgm, while the maximum radiation reaches almost 720 Wh/sgm in

August (Figure 3).
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Figure 3: Radiation range, based on Sulaymaniyah weather file data. Reproduced from Climate

consultant 6.0 software [19].

Kurdistan Journal of Applied Research | Volume 5 — Issue 1 — June 2020 | 240



3.1.2 Air temperature

As a result of differences in solar radiation, air temperature is considered a climatic variable
that varies greatly from region to region. In the city of Sulaymaniyah there is both a dry and
rainy season; the dry season is from April to October, while the rainy season is from
November to March. The average monthly temperature is between 8°C and 22°C, with an
average annual temperature of 16°C. The hottest months are July and August. Figure (4)
shows that the maximum temperature in January is 13°C, and the minimum is almost -14°C.
Also, the maximum temperature in July is 42°C, with a minimum of 17°C (during the night
time). Furthermore, the average maximum temperature in July is 37°C, with almost 21°C the
average minimum temperature (during the night time) [19].

TEMPERATURE RANGE
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Figure 4: Sulaymaniyah air temperature data all over the year, based on Sulaymaniyah’s weather file
data. Reproduced from Climate consultant 6.0 software [19].

3.1.3 Relative Humidity

Relative humidity is another climatic variable that affects indoor thermal comfort. Relative
humidity is generally low in the city of Sulaymaniyah, averaging 47.4% annually. In August it
drops to 23%, while in January it averages 75%. Figure (5)
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Figure 5: Max, Min, and average relative humidity of Sulaymaniyah city based on Sulaymaniyah’s
weather file data. Reproduced from Climate consultant 6.0 software [19].

3.2 A detailed study of the selected residential models

To fill the knowledge gap identified above, the (DesignBuilder program) has used energy
simulation software. DesignBuilder is a graphical visualization interface of a dynamic thermal
simulation machine called Energy Plus, developed by the U.S. Department of Energy (DOE).
These software records daily and monthly simulations, which in our case were performed for
three selected types(models) of traditional houses, built in the 1920s in the city of Sulaimani.
The main climate variables considered are outdoor air temperature and humidity. Regarding
the wind effect on thermal comfort, the DesignBuilder software is considering the natural
ventilation is on in all the models therefore the effect of natural wind is calculated within the
results.

The types were selected according to their floor plan layout, the courtyard forms and the
number of floors. In addition, the occupancy density is 0.0229 people/m2 [20]. This is set
from the simulation software DesignBuilder defaults (see index). Models descriptions are as
follows:
I-shaped courtyard housing unit (Single and Double Floors): Single Floor Type of unit
consists of (6 rooms) with a large courtyard. However, 2 floors of the I-type, which is most
common within the traditional zone in the city of Sulaimani. Its ground floor has the same
design as (Single Floor), but its first floor consists of (4 rooms) with a space designed as a
covered hall with three walls (between two rooms), and the fourth is completely open to
the courtyard and is called (Ewan type) See (Table 1).
L-shaped courtyard housing unit (Single and Double Floors): in Sulaimani urban
housing context in the past this form of residential unit was highly used (1 and 2
floors),since it was high in privacy and practical in terms of building and managing, and
the plans show that the interiors for this type are more private compared to (I shape) and
the area of the courtyard is smaller.
U-shaped courtyard housing unit (single and Double Floors): These types of houses
have many rooms comparing to other chosen houses (I and L shapes).
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The simulation process had been carried out separately for each type, daily and monthly
measurements of indoor air temperature are recorded with climate data through detail study of
the DesignBuilder simulation software.

Table 1: Selected prototypes of traditional houses configuration (plan-s- and courtyard shapes)/ - Case
studies(models)
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U shape courtyard

3.3 Chosen models historical background and construction’s description
The selected types of residential buildings studied in this paper were built more than 100 years
ago, and the most common building materials used in the city of Sulaimani were (brick or
stone) for the walls, (wooden structure) for the roof and (hard limestone) as main materials.
Moreover, the glazing type is single clear 3mm with 5,894 (W/m2-k) U-values.

e

D wstniw

100 Wi, WO S 30T b A e

-

e
External wall Flat roof Internal partition Ground Floor
= 2 lavers * 4 layers = 3 layers = 2layers
= Outer surfce 700mm Form Out to in Form Out to in Form Out to in
Brick work = B0mm limestone - 25mm plastarboard - 40mm Brick
» Inner surfce 15mm = 20mm roofing(read = 500mm plasterboard » 150mm hard limestons

Gypsum plastaring thatch) = 25mm plastarboard
= 100mm wood structure
= 1.3mm plaster board

Glazing / single clear 3mm
U valie 5.894(W/m2-k)

Figure 6: illustrates all building materials construction that was used in all types of studied houses.
(Source: Authors)
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4. RESULTS and DISCUSSION

According to the Psychometric chart - climate consultant / Comfort Model ASHRAE Standard
55 and using Sulaimani weather data, the indoor temperature for the comfort zone is between
(20°C - 26°C) without using passive or active strategies for cooling and heating. See Figure
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Figure 7: Psychometric chart — Source: Climate Consultant

The result shows that the L-shaped 1-storey yard type had the highest number of days with a
comfort range of 146 days without the use of heating and cooling strategies, while the U-
shaped 1-storey yard type had the lowest number of comfort days with an indoor temperature
between 20°C - 26°C (Figure 8). Moreover, the best case according to its thermal performance
between houses with raised floors is the I-shaped courtyard raised floor, as the number of days
these passive and active strategies are needed is less than for other models.

160
140
120
100
80
60
40
20
0

No. of days

one floor two floors

mu 74 78
| 131 139
mL 146 105

Figure 8: Comparison between the three models in terms of annual thermal comfort days without using
any HVAC

However, the difference between the 1-storey U-shaped courtyard and the 2-storey U-shaped

courtyard is only 5 days, 4 of which are in October, when the outdoor temperature regularly
reaches 14.34°C, 13.73°C, 14.01°C and 15.56°C on 8, 9, 10 and 11 October and the indoor
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temperature is almost 21°C on all these days, as shown in Figure 9. This result confirmed that
the effect of adding 1 floor for the U-shaped yard type slightly influences the number of
comfort days depending on the indoor temperature and relative humidity.
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H U shape type 1 floor 0 0 31 9 0 22 7 0 0
m U shape type 2 floor 0 0 31 | 10 0 22 | 11 0 0
Figure 9: Difference between the U courtyard shape 1 floor and 2 floor monthly comfort days
For the | shape courtyard double floors, which has the second highest percentage of comfort
days compared to other types, the comparison with 1-shape courtyard 1floor it can be seen that
the number of comfort days is higher than I shape courtyard 1floor in (March and April), but
there is a significant difference between the number of days in September, as the number of
comfort days is 25 days higher for the I-shaped courtyard 1 floors than | shape courtyard 2
floors see Figure (10).
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Figure 10: Difference between the | courtyard shape Monthly comfort days

Figure (11) illustrates that in October there is a slight difference in the number of comfort days
between the L courtyard shape (1 and 2) floors and their heating and cooling energy
performances are the same in May and November. However, the number of days in September
and April for L 1 floors is almost twice as high as for L courtyard shape 2 floors but the
biggest differences are in March and June, when the energy performance of L1 floors is better
than that of L2 floors, depending on the number of comfort days without heating and cooling
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strategies.
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Figure 11: Difference between the L courtyard shape Monthly comfort days

In addition, regarding indoor relative humidity it is described that the acceptable relative
humidity in occupied spaces be controlled to less than 65% to reduce the probability of
conditions that could lead to microbial growth. [15]. Therefore, in our work the relative
humidity for all the chosen models is examined by simulating all of them with the same
software and after finding the relative humidity rate for all comfort days that are determined
depending on the indoor temperature, it is shown that the higher rate of relative humidity in all
comfort days without using any design strategies is (62.18%) for type | shape courtyard
1floor. This means that the relative humidity in all the spaces inside the chosen models are
with the acceptable rate for the days that the indoor temperature is between 20°C - 26 C°
without using any strategies for heating and cooling.

5. CONCLUSION

A comparison of traditional houses based on the shape of the courtyard and the number of
floors (single or doubles) to find out to what extent thermal comfort can be achieved, showing
that traditional Kurdish houses in the city of Sulaymaniyah could provide a satisfactory level
of climate comfort at different levels.

The study found that the (I-shaped courtyard double floors) and (L-shaped courtyard single-
floor) are the two best courtyard types of traditional houses in the city of Sulaymaniyah. This
obvious important result confirms the reason that was hidden beyond the use of large number
of these house types in the case study area.

The vernacular architectural approach is the coordination between individuals, buildings and
the physical environment to accomplish comfort in energy-efficient buildings.

Thermal and comfort investigations of some traditional houses in the old town of
Sulaymaniyah show the great impact of the presence of courtyards as passive cooling
techniques. Different design factors, materials, trees and other important factors such as
fountain and operating conditions can influence the thermal performance of buildings, but for
the purposes of the study they were neutralized.

To improve comfort levels, especially thermal comfort in today's residential buildings, it is
recommended to use climate-responsive design strategies and to apply the new technology
with more appropriate way.

This study could be seen as a guide for architects and designers, but it is clear that further
research and studies on the exact, appropriate use of proportion and size of the courtyard - as a
basic element of the design outline - should be followed by architects in their designs.
Furthermore, these related questions neutralized, became increasingly essential and could be
the subject of future investigation in this area.
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https://designbuilder.co.uk/

EnergyPlus Output

Comfort - first floor

14Jan - 31 Dec, Daily

Evaluation

Temperaturs ("C)

— 7 T2

Percert (%)
&
1

Time (Hours)

2002

Day

Feb

Apr

Jun

Jul

Aug

Sep

Air Temperature

Radiant Temperature
Operative Temperature (°C)
Qutside Dry-Bulb Temperature (*C)
Relative Humidity (%)

Discomfort hrs (all clothing) (hrs)

)
)

16.00
17.30
16.65
299

27491
2014

18.91
2039
19.65
5.99
20M
19.34

22682
2416
2339
11.38
2517
11.16

2575
FIRY
26.43
2099
27.89
543

2163
29.05
2834
23.08
2110
11.15

30.26
3185
3096
2572
2022
23.02

3221
3359
3280
28.10
18.68
2273

2920
3124
3022
2182
1740
12.56

18.54
19.83
19.18
364

32z
16.62

EnergyPlus Output

Comfort - Research, 2A osman chawesh
1Jan - 31 Dec, Monthly

Evaluation

Temperature ("C)

C) wemmm Radiant Tem

£

Percent (%)
&
L

¢

28

Month

Air Temperature (*C)

Radiant Temperature (*C)
Operative Temperature (°C)
Outside Dry-Bulb Temperature (*C)

Relative Humidity (%)
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Comfort - Research, 2A osman chawesh

EnergyPlus Output 1.Jan - 31 Dec, Daily Evaluation
— m— Radiant
30
sﬂ; 204
; 10
:
a
£ 04
£ |
4104
604
504
g
£ 40
o
5
o 30
204
Mon, 1 Apr 2002- Start DST Wed, 2 Oct 2002- End DST
D;}DDQ Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Air Temperature (°C) 1446 15.97 18.67 2217 2334 2439 2499 2317 2049 15.40
Radiant Temperature (*C) 14.57 16.11 18.74 2180 2310 2412 2457 29 2022 15.66
Operative Temperature (°C) 14.51 16.04 18.70 2199 2322 2425 2478 23.04 2035 15.53
Qutside Dry-Bulb Temperature (*C) 299 5.99 11.38 2099 23.08 2572 2810 21.92 17.90 364
Relative Humidity (%) 2973 24.04 3154 3507 2758 2887 28.01 2453 40.36 36.98
Comfort - first floor
EnergyPlus Output 1 Jan - 31 Dec, Monthly Evaluation
5" e
g ™ e e
B
g 10
3
=gl
g
E 25|
2
£
20
[ Discomiort
-~ 600 +
4
3
L 400+
o
E
F 200
Month 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Air Temperature (°C) | 14.41 15.95 20.24 2230 247 2177 3145 3213 2857 2448 2142 16.95
Radiant Temperature (*C) 15.64 17.10 2153 2355 2613 2877 3231 3334 30.41 26.03 2307 18.19
Operative Temperature ("C) 15.02 16.52 20.88 2292 2542 2827 31.88 3273 29.49 2525 2224 1757
Outside Dry-Bulb Temperature (°C) 0.16 343 9.14 1320 18.72 2487 2929 2844 2228 15.99 8.01 347
Relative Humidity (%) | 31.27 3047 2561 31.30 2891 22.24 2183 1891 2083 26.82 29.09 2083
Discomfort hrs (all clothing) (hrs) | 641.48 560.58 52342 28213 13771 35588 69219 678.13 351.80 188.09 45229 602.13

U shape courtyard model comfort data:
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Comfort - Research, 1C piramerd

EnargyPius Cuipl 1.4an- 31 Dac, Dally Evaakan
— Ay ToMprdiEe(°C) wemmm Radan TampaGee("C) = Oparaive Tempardwre (") s Quiskde Dry-Sull Temparaire |
35 4
04
25
£ 21
o
E 154
-4
g 1
5]
04
(— i Hum (%)
55 Y
50
&5
E
g =
z
£
25
04
154
10+
o A LT ]
Air Temperature (*C) 15.11 16.21 20.41 2381 32.24 3385 31.96 28.45 21.19 15.75
Radiant Temperature (*C) 14.95 16.23 20.34 2425 3223 F3.50 3212 28.57 21.31 15.82
Operative Temparature [*C) 16.02 16.22 2037 2403 3223 3368 32.04 28.51 21.26 15,79
Qutside Dry-Bulb Tempearature [*C) 10.84 876 16.36 17.79 28.61 32.94 28.20 2533 15.45 .58
Relative Humidity (%) 41.20 21.60 16.87 4189 16.04 15.72 26.51 20.22 28.26 2590
Comfort- Research, 1C piramerd
EnargyPius Outt 1.Jan- 31 Cac, Moty Evaugtan
A Tomporsiors (*C)  sesssw Sadan Tempersiors ("C)  sessss Oporafve Temparais (D) s Outsids Dry-Suib Tampsrates ()
304
25
Ex
&
g
& 15
=
=
104
5
33
3%
384
a2
¥
< o
<
£ 3
24 4
24
204
134
am 22 Fap Mz A May Jn i Ay Sap o Nav Dac
Air Temparature (*C)[ 11.60 12.18 17.79 21.62 26.08 31.54 3245 3267 28.11 2262 17.97 1273
Radiant Temperature (*C)( 11.58 13.28 17.88 21.72 26.28 31.66 32.43 3263 29.22 2273 18.04 12.80
Operative Temperature FC)( 11.64 13.22 17.83 21.67 26.18 31.60 32.44 3265 29.18 2268 18.00 1277
Outside Dry-Bulb Tempersture (*C)| 3.89 498 10.66 16.30 21.73 28.25 2987 30,07 2590 17.79 11.42 559
Relative Humidity (%) | 35.98 32.88 31.33 27.29 2565 17.91 21.82 21.15 21.50 28.02 3277 39.14
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Temperatures, Heat Gains and Energy Consumption - Research, 1C piramerd

Evalugion

EnargyPius Oulput 1.Jan - 31 Dac, Monmiy
y (KW} —— Lighting (K\\) s DHVY
H
1
Ay Tamparairz ("C) wessm Radan Temporaire("G)  sesss Oporaiive Tempargiors (°C)  sessss Ouiskde Dry-Sulb Tamparahure ("C)
304
- 204
I 104
e o Infiration (YY) e Sxiamal Varl (Vi) sesss Ganaral Lighing (ki)  sesss Compuier + Squip(iiVh) === Occupancy (iivh}
[ Soir Gains ineror Windows (KiWh)  ——— ‘Solar Galins Exiariar Windows (kW)
500 4
i 04
i ——— ——
I -5 T ————————
1 x__________________________________________________________________________________________________________|
. [— 20 Vi + NV + Intiratan (3
2
%
i
Ll ' ' ! ! ' /| || ||
Mot prisie] Fay Mar Apr May Jun il Aug Sap od Naw (1-4
Room Electricity (kWh)| 202.33  182.¥5  202.33 19580 20233 18580 20233 20233 18580 20233 185.80  202.33
Lighting (kWh)| 752.54 679.85 75155 72699 753.63 72699 75353 76264 72798 753.53 72798 TH0.5G
DHW (Electricty) (kWh}| 93.07 407 93.07 90,07 93.07 90.07 93.07 93.07 90.07 93.07 90.07 93.07
Air Temparature (*C)| 11.60 13.16 17.79 21.63 26.08 31.54 32.45 3267 29.1 22.63 17.97 1273
Radiant Temparature (*C)| 11.68 13.28 17.88 21.72 26.28 31.66 3243 3243 29.22 2273 18.04 12.80
Operstive Temperature (0} 11.64 13.22 17.83 21.67 26.18 31.60 32.44 32,65 29.16 22.68 18.00 1277
Qutside Dry-Bulb Tempersture [*C)| 3.83 498 10.66 16.30 21.73 28.25 29.87 30007 25.30 17.78 11.42 5.59
Extemnal Infitrstion (kWWh)| -430.24 -41017 -38B.40 -276.10 -227.48 -163.05 -131.85 -131.36 -158.86 -255.83 -34617 -396.94
Extemnal Vent. (kWh)| 0.00 0.00 -73.99  -229.27 G03.80 -BGG.E4 48021 44156 52905 28179 6108 .00
Genersl Lighting (kWh)| 752.54 &679.85 751855 72699 753.53 72699 75353 75254 72798 75353 72798 T50.58
Computer + Equip (KWh)| 20233 18276 20233 19580 20233 18580 20233 20233 195680 20233 18580 20232
Occupancy (KWh) [ 11234 98.14 95.50 T5.48 61.25 31.55 27.10 26.36 4462 76.88 91.50 11042
Solar Gains Interior Windows (kWh)| 1.29 1.49 210 232 285 2.98 2.84 282 2.49 202 167 1.23
Solar Gains Exteror Windows (KWh) | 33454 38454 54333 60785 T7HT.T0 80760 TG36T 74413 63754 50966 41946 31584
Mech Vent + Nat Vent + Infitration (se/h)| 0.72 072 0.87 1.52 2.53 3.058 2.84 am 3.13 1.74 091 072
L shape courtyard model thermal data:
Comfort - Research, Ali baba shex
EnergyPlus Output 1 Jan - 31 Dec, Monthly Evaluation
g
=
3
E
g
5
I
a2
& 301
E
H
E 26
26
24
Month 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Air Temperature (*C) 1399 1563 18.99 2098 2341 2564 28.00 2799 2543 2219 18.96 15.59
Radiant Temperature (°C) | 14.83 16.43 1973 2157 2392 2584 27.93 28.12 26.03 2268 19.74 16.38
Operative Temperature (°C) | 14.41 16.03 19.36 2128 2366 2574 27.96 28.06 2573 22.44 19.35 15.98
Qutside Dry-Bulb Temperature (°C) 0.16 343 9.14 13.20 18.72 2487 29.29 28.44 2228 15.99 8.01 347
Relative Humidity (%) 3151 31.05 27.90 3432 3174 25.84 2727 23.81 25.10 3098 3396 3229
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EnergyPlus Qutput

[ Temperature [

Temperatures, Heat Gains and Energy Consumption - Research, Ali baba shex

1.Jan - 31 Dec, Manthly Evaluation

= Room Electicity (KWH) == Lighting (kW)

C) mmmm Radiant Temperature ('C) s Operative Temperature ('C) e Outside Diy-Eulb Temperature {'C)

— o

e Extemal Infitration (FV) e External Vent, (kW) s General Lighting (VW] e Computer + Equip (kWh) === Occupancy (KWWh) mesm Solar Gains Interior Windows (KIWH)
== Solar Gains Extarior W

2500
04 .- T
2g m— Mech Vent + Nat Vent +Infiltration (ac/h)
20
1.5
10-____ I E—
Month 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Room Electricity (kWh) [ 24,95 2289 2432 2563 27.16 2532 2558 18.01 2563 25.58 26.89 2495
Lighting (kWh) | 32348 29354 32397 34 32820 316.02 32467 314.58 31590 32526 31837 322.04
Air Temperature (°C)| 1398 15.63 18.99 20.98 234 25.64 28.00 27.99 2543 2219 18.96 1559
Radiant Temperature (°C) | 14.83 16.43 19.73 2157 2392 2584 2793 28.12 26.03 2268 19.74 16.38
Operative Temperature (°C) [ 14.41 16.03 19.36 21.28 2366 2574 27.96 28.06 2573 2244 19.35 15.98
Quiside Dry-Bulb Temperature (°C) 016 343 9.14 13.20 1872 24.87 20.29 28.44 2228 15.99 8.01 347
External Infiltration (kWh) | -523.22 -408.03 -358.47 -27050 -166.08 -2810 4135 1243 -109.66 -223.31 -387.71 -449.23
External Vent. (kWh) | -51.43 -40.29 -7085 -101.68 -215.13 -232.49 -163.21 -209.34 -354.98 -153.66 -100.86 -73.48
General Lighting (kWh) | 32348 29354 32397 34 32820 316.02 32467 314.58 31590 32528 31837 322.04
Computer + Equip (kKWh) | 2495 2289 2432 25.63 27.16 2532 25.58 1801 25.63 25.58 26.89 2495
Occupancy (kWh) | 9964 87.13 8338 80.08 7372 58.33 48.61 3579 6165 75.62 90.94 95.29
Solar Gains Interior Windows (kWh) [ 113.35 91.72 106.43 85.21 67.00 57.81 64.63 87.24 11288 11378 128.23 10138
Solar Gains Exterior Windows (kWh) | 3098.01 267155 321023 273476 2375.11 215048 234907 2877.06 342008 333677 3525.61 282549
Mech Vent + Nat Vent + Infiltration (ach) 079 079 0.86 1.08 201 217 2.06 223 244 138 0.89 082
Temperatures, Heat Gains and Energy Consumption - Research, Ali baba shex
EnergyPlus Qutput 1Jan - 31 Dec, Daily Evaluation

o 27 TEMESTaUre (0] memmm REGiant TEmparaturs ('C) wemm Opsrative Tmperaiure (1C) memm Outsids Dry-Bulb Tempersiurs (10 —\GQF-\-\,M
[ Excternal Infitration (K} External Vant. (KVWh] sesss Ganeral Lighting (KWVH) s Computer + Equip (KWH) === Occupancy (KIVH) sesss Solar Gains Intenor Windows (KR
200 |=— Selar Gains Exterior Windows (Wh)
100
L]
N— Wech Vent + Nat Vant + Infitration (acih)
%: 2 Apr 2§ an DST
DEZ)!}DZ Feb Mar Apr May Jun Jul Aug Sep Qct
Room Electricity (kWh) 090 0.90 0.90 0.90 0.90 090 0.58 090 0.58 090
Lighting (k\Wh) 1077 1077 1018 1077 1077 1077 971 1077 1030 1018
Air Temperature (*C) 15.85 18.00 2077 2430 2558 2707 2795 2595 22.86 1619
Radiant Temperature (*C) 16.69 18.88 2161 2473 26.16 2742 2819 2675 2328 17.00
Operative Temperature (°C) 16.27 18.44 2119 2451 2587 27.25 28.07 26.35 23.07 16.59
Cutside Dry-Bulb Temperature (*C) 299 599 1138 2099 23.06 2572 2810 2192 17.90 364
External Infiltration (kWh) -15.49 -14.27 -10.90 -377 -2.85 -152 0.08 -4.67 -5.82 -14.80
External Vent. (kWh) -039 -113 -857 -8.20 -12.69 -10.24 -8.60 -14.31 -4.01 214
General Lighting (kWh) 1077 1077 1018 1077 1077 1077 971 1077 10.30 1018
Computer + Equip (kWh) 090 090 090 080 090 090 058 090 058 090
Occupancy (kWh) 334 an 290 228 2.07 183 119 207 172 354
Solar Gains Interior Windows (kWh) 525 482 451 259 189 20 316 532 531 173
Solar Gains Exterior Windows (KWh) 142,57 138.04 132.99 87.70 70.90 7468 100.86 150.68 146.29 48.63
Mech Vent + Mat Vent + Infiltration (ac/h) 075 o078 122 209 258 254 249 256 126 082

m—Fio0m Electricity (Wh) === Lighting (kW)
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Comfort - Research, Ali baba shex

EnergyPlus Qutput 1.Jan - 31 Dec, Daily Evaluation
304
£ M
g 104
f
R ]
=2
S04
—Felative Hu
80
50
Z
£
I
204
Tue, 2 Apr 2002- Start OST Thu, 31 Oct 2002- End DST
10
D;Pm Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec
Alr Temperature (°C) 15.85 18.00 2077 2430 2558 27.07 27.95 2595 22.86 16.19
Radiant Temperature (°C) 16.69 18.88 2161 2473 26.16 27.42 28.19 26.75 23.28 17.00
Operative Temperature (*C) 16.27 18.44 21189 2451 2587 2725 28.07 26.35 2307 16.59
Qutside Dry-Bulb Temperature (*C) 299 599 11.38 2099 23.08 2572 2810 2192 17.90 384
Relative Humidity (%) 2832 2230 2875 3091 2443 2520 23.62 2123 35.52 35.93
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EnergyPlus Output

Temperature and Heat Gains - First floor
1 Jan - 31 Dec, Monthhy

Evalustion

an 4

20 4

Towvgwwatins [0
&
|

— Al Tamparaiura {"C)

— Radam Tampargiure (°C)

— Oparatve Tamparawra ("C)

— OUtziE Dry-5UD TEMpaNre ['C)

[
[ Exiamal Infiraion (OAT]  eem Eviama Vanl (KW s Ganard UGG (A1) e COMQUIE + SqUip (EWH] === Ocoupancy (KW}
e Solar Gains imarkar Windows (K} = Salar Gans Sxiariar Windows (Kivh)
1000
b-3
E o :5_
04 —
i — ———
500 |
g | m— Mach Van + Nat van + Infiirasian (ach)
3 254
: 204
o154
TR
Month 2002 Feb Mar Apr May Jun Jul Aug S=p Oct Nov Dec
Air Temperature (*C) | 7.31 1015 16.72 19.22 2387 2788 31.58 3108 2825 2155 15.42 10.82
Radiant Temperature (°C)| 7.44 1027 15.80 1839 2430 2828 3212 373 2707 2183 15.66 10.99
Operative Temperature (°C)| 7.38 10.21 156.81 18.31 2388 2798 31.85 3140 2886 2189 15.54 10.80
Cutside Dry-Bulb Temperature (°C)| 0.15 3.43 9.14 13.20 18.72 2487 29.29 2844 2228 15.99 g.01 3.47
External Infiltration (kWh) | -225.77  -188.00 -128.34 -17413 -14812 8018  -6713  -7851 -112.96 -185.01 -24519 -22525
External Vent. (kWh)| 0.00 0.00 -0.05 1489 30587 -381.47 -380.42 40894 49318 10378  -389 0.00
General Lighting (kWh) | 27432 24910 27223 27083 28226 28972 27855 24093 27077 27862 27530 27418
Computer + Equip (kWh)| 3858 3377 3457 3837 #4180 3807 38.18 18.83 3903 3801 4203 3893
Occupancy (kWh)| 21.37 §1.97 7888 78O0 8478 4045 2409 1880 5128 6839 3314 §9.47
Solar Gains Interior Windaws (kWh) | 3.91 422 8.08 8.22 6.88 7.04 7.38 7.50 778 588 458 3.25
Solar Gains ExteriorWindows (kWh)| 98231  878.93 97439 84351 92500 98635 98678 93643 101140 104552 1109.83 88754
6 lech Vent + Nat Vent + Infiltration (acth)| 0.72 0.72 0.72 0.83 2.40 2,88 275 2,85 2,94 1.30 073 0.72
Temperatures, Heat Gains and Energy Consumption - Research, Ali baba shex
EnergyPlus Qutput 1 Jan - 31 Dac, Monthly Evalustion

[ = T ——

cHiclly) (K]

—

[—
=)
I

_|m— Air Tamparaiura {"Z)

wemmm Radian Tamparature {"C)

e Oparative Tamparaiura *C)

e Cuitsidz Dry-Sul Tamparaiura {*C)

[rev—
=
f

[ Exiarnal infifiraiion (Kt}
[ Saiar Gains Infarior Windows (ki)

—— Exiarnal Vani. {kivh)

e Ganaral Lighling (ki)
== Salar Galns Srarior Windows (KW}

— Compuiar + Equilp (KWWH)

=== Dcoupancy (kKW

—_— e
I —

W2 Ve 4+ N1 Vel 4+ InfErasan (3o}

r ﬂ
114
i T L
Month 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Naow Dec
Room Electricity (KWh}| &1.54 56.66 58.59 65.00 68.96 63.38 83.76 36.84 6466 63.59 68.92 61.88
Lighting (kWh}| 58772 54264 58620 53484 61046 58574 60122 56451 B36ET 60188 58366 59622
DHW (Electricity) (kWh)| 72.04 85.15 65.07 80.09 40.40 7308 7545 .02 T76.53 7367 i1.56 75.60
Air Temperature (°C) | 11.34 13.36 17.60 2015 234 26.39 2047 20.30 2877 220 18.15 13.86
Radiant Temperature (*C) [ 11.91 13.88 18.09 2053 2382 2671 2963 20,65 26.47 22.44 18.73 14.42
Operative Temperature (*C}| 11.63 13.82 17.85 20.34 2387 26.55 28.55 2045 26.12 22.23 16.44 14.14
Outside Dry-Bulb Temperature ("C)}| 0.18 343 914 1320 18.72 2487 2029 28.44 2228 15.99 am 347
External Infiltration (kWh) | -775.31 -807.21 -B63.03 -44231 -306.16 -87.85 -18.12 -58.35  -22005 -385.06 -65437 -T03.T4
External Vent. (kWh)| -4480  -33.07 -BE.08  -B893 -48114 -BEEOT -B2BO0 -8056B -34740 -28830 8036 672
General Lighting (kWh) | 587.79 54264 58620 50484 61046 53574 60122 56451 53667 60188 58366 59622
Computer + Equip (kWh}| 61.54 56.66 58.99 65.00 68.96 63.38 83.76 36.84 6466 63.59 68.92 ©1.88
Occupancy (kWh)| 189.08 18776 16133 157.00 13818 10005 7395 5321 11282 14285 17618  182.08
Solar Gains Interior Windows (kWh) [ 105.34 83.68 98.83 81.73 &7.40 59.43 65.90 85.74 10722 10382 11854 243
Solar Gains ExteriorWindows (kWh) | 3764.44 320286 377457 326735 304114 287159 307342 350675 404231 383599 418916 342529
lgch Vent + Nat Vent + Infiltration (ac/h)| 0.78 0.75 0.78 0.84 212 2.33 2.32 2.39 2.68 140 0.83 0.77
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EnergyPlus Output

Comfort - Research, Ali baba shex

1 Jan - 31 Dec, Monthly

Evaluation
— A Tomperaire ('C]  sesmm R3dan Tomparaire (C) messs Oparaive Tempraire (°C) s Ouside iy Tamparaire ("C)
30 4
25 4
g2
£
g 15
ES
510
54
[
36 4
34 4
=32
£
=20
3
£x]
26
24
2z 4
Month 2002 Feb Mar Apr May Jun Jul Aug S=p Oct Nov Dec
Air Temperature (*C) | 11.34 13.36 17.60 2015 234 26.39 28.47 29.30 2877 22m 18.15 13.86
Radiant Temperature (*C) | 11.91 13.88 18.09 20.53 2382 28T 2883 29.65 2647 22.44 18.73 14.42
Operative Temperature (*C)}| 11.83 13.82 17.85 20.34 23867 28.55 28.85 29.43 2812 2223 15.44 14.14
iutside Diry-Bulb Temperature (°C)| 0.15 3.43 914 13.20 18.72 2487 28.29 25.44 2228 15.99 8.0 3.47
Relative Humidity (%) 37.77 35.66 29.75 35.56 31.43 2458 250 21.99 2427 30.86 35.06 35.93
Temperature and Heat Gains - Ground Floor
EnergyFlus Output 1 Jan - 31 Dec, Monthly Evaluation
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Manth 2002 Feb Mar Apr May Jun Jul Aug Sep Oct MNowv Dec
Air Temperature (°C) [ 14.89 16.03 1817 20.93 2320 2532 277 2784 2837 2240 19.69 16.39
Radiant Temperature (*C) [ 15.83 16.88 19.82 2148 2381 2541 2787 2782 2897 2284 2045 17.28
Operative Temperature (*C)[ 1516 16.45 19.55 2120 2341 2538 2784 2788 2887 2287 20,02 18.83
Qutside Dry-Bulb Temperature (°C)|  0.18 3.43 9.14 13.20 18.72 2487 2928 2844 2228 15.89 8.01 347
External Infiltration (kWh)| -548.54  -421.21 -36469 -288.18 -15896 -17.76 51.01 18.16 -107.08 -230.04 -409.19 -475.49
External Vent. (kWh)| -44.50 -33.07 -58.01 -84.24 17517 -183.60 -14540 -19671 -354.22 -164.63 -95.66 -67.92
General Lighting (kWh)| 323.48 293.54 32397 341 32820 318.02 32467 31458 31590 32526 3837 32204
Computer + Equip (kWh)}| 24.85 2289 2432 2563 2718 2532 25.58 18.01 2563 2558 26.88 2485
Cccupancy (kWh)| 87.71 85.79 g2.44 80.10 T4.42 59.81 45.86 36.32 5186 7455 88.04 52.63
Solar Gains Interior Windows (kWh) | 101.43 T9.45 o254 75.51 80.52 52.39 58.52 78.24 0044 9813 111.86 91.07
Solar Gains ExteriorWindows (kWh) | 277613 2323.93 280018 242383 211524 190474 2086.64 258932 303081 285147 308833 2537.74
lech Vent + Nat Vent + Infiltration (ac/h)| 0.79 0.78 0.84 103 1.90 203 1.97 2.18 2.47 1.4% 0.80 0.82
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