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Investigating the effect of Atrium-related Green Roof Cooling
and Heating loads on Energy Management in Pedagogical Spaces
in Cold Climate

Kaveh Shokoohi Dehkordi 1

Maryam Farhadian 2*
m.farhadian@std.iaushk.ac.ir

Abstract

Background and Obijective: Educational spaces in Iran, with a student population of about 12 million
people and lowgradedness of 75% of schools in terms of energy management, are one of the most
energy wasting applications. Adding to this is the developing student population and non-renewable
energy reserves which are under distruction. Therefore, it is essential to bind to modern proposals for
the use of renewable energy sources as alternatives for designing educational spaces in lIran to step
towards further development of this application. In this study, in line with the introduction of green
architecture as a renewable source of energy, the green schools model covered with a green roof in
connection with atrium has been presented. Moreover, the impact of atrium-related green roof cooling
and heating loads on energy management in pedagogical spaces in Sharekors as one of the cold
climate regions of Iran has been investigated.

Method: In the present study, which is descriptive-analytic, suggested a synthetic model of atrium-
related green roof has been suggested as a strategy for energy saving in pedagogical. For studying the
heating load in summer and cooling load in winter, three classrooms in Shahrekord as an example of
cold climate region in Iran were simulated by Carrier Hap software (Hourly Analysis Program, one of
the most modern softwares for heat transfer analysis whose results of are accepted by the U.S Green
Building Council or LEED).

Findings: The results of this project showed the advantage of using green roofs for improvement of
heating load in the winter and cooling load in summer in the classes with atrium-related green roofs
over the classes with 40-cm and 66-cm conventional roofs .

Keywords: Cooling and heating loads, Energy management, Atrium related green roof, Pedagogical
Spaces.
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2-Green roof
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Figure 1- Details of green roof and typical 16-
inch and 26-inch roofs

6- Safety factor
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Tablel- Meteorological data of the past 20 years
extracted by Carrier Hap

Design Parameiers:

City Name hahrel

Location Iran
Laitude 323 Deg.
Longitude 5013 Deg.
Elevation.................. S —
Summer Design Dry-Bulb %0 F
Summer Coincident Wet-Bulb e B812 F
Summer Daily Range 35 F
Winter Design Dry-Bulb 65 F
Winter Design Wet-Bulb 53 F
Atmospheric Clearness Number 1/20
Average Ground Reflectance 0/20

Soil Conductivity 0/800 BTU/hr-fi-*
Local Time Zone (GMT +/- N hours) -3/5 hours
Consider Daylight Savings Time No
Simulation Weather Data ... S noneN/A
Current Datais User Modified

Design Cooling Monhs .. - January to December
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1- http://www.chaharmahalmet.ir/iranarchive.asp
2- Over heat lighting

3- Electric equipment

4- Cooling data

5- Heating data
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Table 2- Data resulted from heating and cooling process of a classroom in relation to atrium with green
roof, simulated by Carrier Hap

Table A Zonel
Design cooling Design heating
COOLING DATA AT Jul 0100 HEATING DATA AT DES HTG
COOLING OA DB / WB 62/4 °F | | HEATING OA DB / WB 6/5 °F /
55/2 °F 5/3 °F
OCCUPIED T-STAT 75/0 °F OCCUPIED T-STAT 70/0 °F
Sensible Latent Sensible Latent
SPACE LOADS Details (BTU/hr) | (BTU/h Details | (BTU/hr) | (BTU/hr
r )
Window&Skylight - ft2 . - - ft? - -
Solar Loads
Wall Transmission . ft2 . - . ft2 . -
Roof Transmission Ffo ft2 Y-Af - ffo ft2 YASY -
Window - ft2 . - - ft2 . -
Transmission
Skylight . ft2 . - . ft2 . -
Transmission
Door Loads -ft2 . - - ft? . -
Floor Transmission . ft2 . - . ft2 . -
Partitions Yy ft2 Yvs - Yy ft2 054 -
Ceiling . ft2 . - . ft2 . -
Overhead Lighting 5. 0W vYvs - . . -
Task Lighting W . - . . -
Electric Equipment FVAW YV-A - . . -
People Y. VY. FN0-
Infiltration - . . -
Miscellaneous - . . -
Safety Factor V-% V% V0.4 £10 V0% 0Vo
Total Zone Loads - Y220+ SY$ - vars
Table A-1 Zonel
Area U Value Cooling Cooling Heating
(f) | (BTU/(hr-ft2- Trans Trans Trans
°F)) (BTU/hr) | (BTU/hr) (BTU/hr)
Roof AN AR YoA¥ - YASY
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Table 3- Data resulted from heating and cooling process of a classroom in relation to atrium with a typical
20-cm roof, simulated by Carrier Hap

Table B Zonel
Design cooling Design heating

COOLING DATA AT Jul 0100 HEATING DATA AT DES HTG

COOLING OA DB / WB 62/4 °F / 55/2 | HEATING OA DB/ WB 6/5 °F / 5/3

oF °F

OCCUPIED T-STAT 75/0 °F OCCUPIED T-STAT 70/0 °F

Sensible Latent Sensible Latent

SPACE LOADS Details | (BTU/hr) (BTU/hr) Details | (BTU/hr) (BTU/hr)
Window &
Skylight - ft2 - - ft2 - -
Solar Loads
Wall Transmission . ft2 - . ft2 R
Roof Transmission fro fit2 YEEY - f¥o ft2 FALD -
Window . fi2 i . fi2 i
Transmission
Skylight . fi2 i . fi2 i
Transmission
Door Loads . ft2 - . ft2 R
Floor Transmission . ft2 - . ft2 -
Partitions vy . ft2 s0F - vy ft2 04 -
Ceiling . ft2 - . ft2 -
Overhead Lighting as-W YYYVS - 0 -
Task Lighting ‘W - 0 -
Electric Equipment FYAW YV-A - 0 -
People Y. VY. FN0- 0
Infiltration - -
Miscellaneous - -
Safety Factor V% V% VOAY £10 V0% MY
Total Zone Loads - VYV S Y5O - £YYA

Table B-1 Zonel

U Value Cooling Cooling Heating
Area (ft3) | (BTU/(hr- Trans Trans Trans
ft2-°F)) (BTU/hr) (BTU/hr) (BTU/hr)

Roof AN IAYY YEFY - FAQD
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Table 4- Data resulted from heating and cooling process of a classroom in relation to atrium with a typical
66-cm roof, simulated by Carrier Hap

Table C Zonel
Design cooling Design heating

COOLING DATA AT Jul 0100 HEATING DATA AT DES HTG

COOLING OA DB / WB 62/4 °F /| | HEATING OA DB/ WB 6/5 °F / 5/3

5512 °F °F

OCCUPIED T-STAT 75/0 °F OCCUPIED T-STAT 70/0 °F

Sensible Latent Sensible Latent
SPACE LOADS . Detail | sruhn (BTUMr |  Details | (BTUMN) | (BTU/N)
Window&Skylight . 2 i . 2 ) )
Solar Loads
Wall Transmission . ft2 - yao ft2 1EYAQ -
Roof Transmission f¥o ft2 Nadk! - ffo ft2 e -
WindowTransmissio . fi2 i . fi2 )
n
Skylight . 2 i . 2 )
Transmission
Door Loads . ft2 - . ft2 -
Floor Transmission . ft2 - . ft2 -
Partitions vy ft2 v-f - vy ft2 N -
Ceiling . ft2 - - ft2 -
Overhead Lighting g W A A% - -
Task Lighting ‘W - -
Electric Equipment FVAW YV-A - -
People Y. VY. £10- .
Infiltration - - .
Miscellaneous - - .
Safety Factor V%
MK £10 V0% FYS .

V%

Total Zone Loads - \EY LY sYS i fvaaq .
Table C-1 Zonel
Area U Value Cooling Cooling Heating
(ft2) (BTU/(hr-ft2- Trans Trans Trans
°F)) (BTU/hr) | (BTU/hr) (BTU/hr)
Roof £ INYA \aik! - ve.f
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Table 5- Results of the cooling load of
classrooms in relation to atrium with green roof,
a 40cm roof and a 66¢cm roof
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1- Cooling data
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Figure 3- Analyze of mechanism green roof relation to atrium insummer for simulated classes
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Table 6- Results of the heating load of classrooms in relation to atrium with green roof, a 40cm roof and a
66- cm roof
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Figure 4- Analyze of mechanism green roof relation to atrium in winter for simulated classes
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Table 7- Percent savings on energy consumption
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1- Rodney H. Matsuoka. 30 September
2010, Student performance and high

school landscapes: Examining the

links.  Landscape and  Urban

Planning, Volume 97, Issue 4, Pages
273-282.
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