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Abstract

Energy is a key factor of countries’ development and is also needed by the next generation. In recent years, the issue of
energy supply has been one of the significant challenges, the main reason for which is the limited supply of fuel and oil.
The solution seems to optimize energy consumption and re-switch to renewable energy. In this research, a building in
Andisheh new city is analyzed considering environmental conditions and geographical directions using Carrier software
(HAP 4.90) and its thermal and cooling loads are examined for two different compositions of external walls. After
selecting the optimal mode, in order to find the optimal possible energy consumption situation, the building is rotated
clockwise in eight directions, the minimum and maximum heating and cooling load required are equal to 124502.8 and
129579.3 kcal/hr and 53.53, 55.44 tons of cooling, respectively. Then, to use renewable energy and the potential of
average daily radiation of 5.2 kWh in Andisheh city, the project of hot water consumption using solar energy was
considered, which led to savings of 18945.16 m?/year natural gas. The result shows that the return on investment of solar
water heaters is 11.26 years, which is not cost-effective in the current situation.
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communities. Using a solar water heater can provide
about 70 percent of the energy needed to heat water

1. INTRODUCTION

Since cities are the primary consumers of energy [1],

the continuation of energy services is essential for their
effective operation [2] In recent years, the issue of
energy supply, which is one of the needs of the next
generation, has been a factor in the current situation of
countries.

On the other hand, climate changes and their
dependence on fossil fuels and, consequently, costs [3],
the global dimension of the importance of the energy
issue [4], also in Iran, the issue of subsidies for energy
carriers Has also been further caused; In Canada, for
example, energy efficiency measures save 29 to 31
percent on electricity and 19 to 32 percent on natural
gas in low-rise office buildings in Edmonton, Ottawa,
and Vancouver [5].

Iran is one of the most suitable countries in the
world in terms of solar energy consumption, which
according to statistics in most parts of it is more than
300 sunny days [6]. Buildings provide about 40% of the
total energy consumption of communities. Using a
solar water heater can provide about 70 percent of the
energy needed to heat water annually. Buildings
provide about 40% of the total energy consumption of

annually. Reduce the energy consumption cost to
provide the spa by about 70%. Fires, explosions,
poisonings, electric shocks, Etc., are among the events
that will have a decreasing trend if solar energy is used
[71.

In this research, in the materials and methods
section, first, the geographical location of the new city
of Andisheh is studied. The best combination for the
walls will be selected. By calculating and comparing
the minimum and maximum thermal and refrigeration
loads, the best and the optimal orientation for the
construction of the building is given. The solar water
heater will be designed and analyzed for the desired
building in the next part. Then the economic issues,
economic trends, and return on investment will be
examined, and finally, conclusions will be made.

In recent years, many researchers have focused on
improving the energy efficiency of buildings [8,9].
Most studies focus on reducing the energy consumption
required by buildings [10-12].

2. Methodology
The new city of Andisheh with a population of more
25
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than 116 thousand people to maintain the ecological
balance of the region, attracting the overflow
population of Tehran urban area, proximity to work,
housing, and  urban services preventing
suburbanization and developing abnormal expansion of
cities with water and relatively hot and dry weather in
summer and cold in winter and altitude 1200 to 1250
meters above sea level is located 30 km west of the
metropolis of Tehran. The geographical location of the
new city of Andisheh Is given based on Google Earth
data.

2.1. Compare the composition of external walls and
find the best position of the building

In this research, an educational-cultural building in the
new city of Andisheh, first for two different
combinations in the external walls, Heating and cooling
loads are calculated, and after reaching the only state to
find the best possible state in terms of energy
consumption, the building is rotated in 45-degree
directions in a clockwise direction, which by examining
eight different directions, the least and the most heating
and cooling loads were calculated.

In the first reference mode, despite the smaller
thickness of the outer wall than the second reference
mode, both heating and cooling loads are less, and the
appropriate choice Is more. The building was redirected
in 45-degree directions and clockwise, and it is
Heating, and cooling loads were calculated.

The simulation results are in the carrier software,
and mode 5 (with 225 degrees rotation relative to the
reference position) has the lowest cooling load. In the
study of maximum loads can be concluded that mode 1
(with 45 degrees rotation relative to the reference
position) has the highest heating load, and mode 3 (with
135 degrees rotation relative to the reference position)
has the maximum load is cooling.

Finally, by examining the sum of heating and
cooling loads, it is observed that mode 5 (with 225
degrees of rotation relative to the reference position)
has the lowest total load at 334.2 kW and mode 6 (with
270 degrees of rotation relative to the reference
position) has the maximum total load is 339.6 kW.

2.2. Analysis of the use of solar water heaters to
supply water for project consumption

In the second step, in order to reduce the consumption

of fossil fuels and the resulting environmental

pollution, the use of solar water heaters to supply hot

water for the building was investigated.

The heat load due to hot water supply (in terms of BTU

per hour) is obtained from the following equation:

Q=V x833x(T,-T)) x 1.10 @)
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Figure 1. World Atlas of the Sun data for the new city
of Andisheh

According to the data in Figure (1), it can be concluded
that the new city of Andisheh, with average daily
radiation of 2.5 kWh per square meter, has a good
potential for using solar energy and, consequently, the
solar water heater is used to supply the hot water used
for the project under study.

3. Results and Discussion

According to the Iranian National Gas Company
tariff, the tariff per cubic meter of natural gas in the
year 1400 AH for academic units is equal to 926
Rials. The cost saved due to the use of solar energy
instead of natural gas in the first year will be equal to
17.54 million rials. On the other hand, considering
that the initial purchase and installation of a set of
pumped solar water heaters under the required
pressure (with all equipment used) is equal to 700
million rials and the annual inflation rate according
to the Statistics Center of Iran in the winter of 1400
is 42.4%. The liquidity value is assumed to be equal
to the minimum long-term profit of state-owned
banks at 16%.

It can be seen that the payback period is 11.26
years, and in this case, the use of solar water heaters
is not economically justified and is not cost-
effective.

Financial balance process of using a solar water

heater
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Figure 2. Financial balance trend of using solar
water heaters with internal rate of natural gas
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4. Conclusions
According to the country's energy and environmental
needs, a comprehensive study of the location and use of
insulation materials with high thermal resistance in
external walls in the design stage and before the
construction of buildings can solve some of the
country's energy problems. At least in the field of
housing and construction. Also, despite the outstanding
potential in Iran to use solar energy, for three main
reasons:
* Lack of clear, codified, and targeted policies for the
use and development of renewable energy
* High initial costs for the construction and operation of
renewable energy systems
Existence of cheap sources of fossil fuel prices
However, according to the economic analysis, it
does not seem possible except with the government's
full support and the provision of long-term and even
gratuitous incentive loans, because otherwise, the
fulfillment of environmental commitments, in
particular, will not be possible in the dimensions of
global agreements.

5. References

[1] T. Abergel, B. Dean, and J. Dulac, Towards a zero-emission,
efficient, and resilient buildings and construction sector:
Global Status Report 2017, UN Environment and
International Energy Agency: Paris, France, Vol. 22,2017.

[2] M. Alberti and P. Waddell, An integrated urban development
and ecological simulation model, Integrated Assessment,
Vol. 1, No. 3, pp. 215-227, 2000.

[3] W. Wu, Economic analysis of energy consumption based on
thermoeconomic cost analysis model, International Journal
of Heat and Technology, Vol. 37, No. 2, pp. 620-624, 2019.

[4] E. Rodrigues, M. S. Fernandes, A. R. Gaspar, A. Gomes, and
J. J. Costa, Thermal transmittance effect on energy
consumption of Mediterranean buildings with different
thermal mass, Applied Energy, Vol. 252, p. 113437, 2019.

[5] S. Chidiac, E. Catania, E. Morofsky, and S. Foo,
Effectiveness of single and multiple energy retrofit measures
on the energy consumption of office buildings, Energy, Vol.
36, No. 8, pp. 5037-5052, 2011.

[6] H. K. Yousefi, A. Ranjbaran, p. Katoli, A review of spatial
criteria for the construction of solar power plants in Iran,
Scientific-Extensive Journal of Surveying Engineering and
Spatial Information, Vol. 8, 2018.

[71 F. K. N. Atabi, A. Musazadeh Namini, A, Technical,
economic and environmental analysis of the use of solar
water heaters in residential buildings., Iranian Journal of
Energy, Vol. 14, No. 4, 2012.

[8] C. Micono and G. Zanzottera, Energy Modeling for NZEBs:
a case-study, Energy Procedia, Vol. 78, pp. 2034-2039,
2015.

[9] C. Dotzler, S. Botzler, D. Kierdorf, and W. Lang, Methods
for optimising energy efficiency and renovation processes of
complex public properties, Energy and Buildings, Vol. 164,
pp. 254-265, 2018.

[10] X. Oregi, P. Hernandez, and R. Hernandez, Analysis
of life-cycle boundaries for environmental and economic
assessment of building energy refurbishment projects,
Energy and Buildings, Vol. 136, pp. 12-25, 2017.

[11] L. F. Cabeza, L. Rincén, V. Vilarifio, G. Pérez, and A.
Castell, Life cycle assessment (LCA) and life cycle energy

Journal of Renewable Energy and New Energy 2023 Vol 10 No 2

analysis (LCEA) of buildings and the building sector: A
review, Renewable and sustainable energy reviews, Vol. 29,
pp- 394-416, 2014.

[12] T. Ramesh, R. Prakash, and K. Shukla, Life cycle
energy analysis of buildings: An overview, Energy and
buildings, Vol. 42, No. 10, pp. 1592-1600, 2010.

27



g5 o 35-25 o o 1402 s g 5l g0 o los o0 Jloo
01/03/18 :cdly o 7,5 P9 J.a.b.b..\:u ‘Slb‘sj)ﬂ GoJ.C MbJ.qaﬁ . .
5, &

01/08/04 B IRY é.i)l: jrenew,ir 2 iy gt

b 9 PBrae 6551 30 plesslu (65551 ,8 CounBao g aylgs glgil pil Jdxd
g Sl ey (59 )90 andllne 1 gl 93 (S0 S

B Mol Lo e 248 8 o1 I gonly pus

Ol el ol oK s Lo 5 53 Sl (55581 09,5 15531 (b s (suite (1555 (symils -1
Ol el 1l SRS o (pige 0SS e (piign (oolid S glaie symtils -2
Ol el <ol oty ) Janma g 5 (sla (5350 095 Lol -3
Alireza.aslani@ut.ac.ir 14399 -57131 ) 45 *

O JIs i ones 4 035 655 el oten o lly alax 51 3 Lo 53 ol b ooled LS 3,90 5 baygaS soladl as, ol Jole 5553
slassl sl osliiul 5 5551 S pae siluane (JSie cnl 4 Gl Ll L, a5 ay go S5 @ el (end ot g Sguzme Slagie 4wl (Sl
st 33y ot o] MBI o (Sinp_ igal a5l S bl sl 5 omne Ll 028 03 b il 3 ol i
@llges calizee oS 5 50 sl o (o922 5 ol Sl 5 00l (cwy 2 ) el arses 38l Sl eolil b g Sl Aty il a0 ey O)jpe
il (5] e Bl 5l iy b G 1y anslods dalns (el [ gly S5 30 4 5 oot S 5 Jgl 4 jS) o2yl

sl iy 45k 0 s b S L UJWBQJJ)AAS‘MMPB o b aS cuload sails > celu sl jae bl jo a\?)o45 slcys o

ool b o35y (Ban )5 ol Crali pduayazs slass il 5l oolitwl cqz 4 g ado sl o el 40 Celu-SlgslS 512 ailys, il (pSilee 4 g5

a5 s oyl ggdge ol goladl vy o dalgr Jlo 48 aed 5 cuSo e 1894516 Lgrdd o 4 e a5 8,515 Jliioe gand 9 (55,
st 4y &y g xb 5oLt Cormdg b oS 05 Jlo 11126 st y55 oS0, ST 51 e0litas] dylo yow iS5l

(b B 7o st 55 (S Sl pdiasass lass il el Bpae gledings (65 1T guals

Analysis of different walls and the building’s location impact on energy
consumption and designing solar water heaters: case study of Andisheh
city
Rahim Zahedi!, Arash Gitifar?, Alireza Aslani'”

1-PhD Candidate, Energy Systems Engineering, Department of New Energies and Environment, University of Tehran, Tehran, Iran
2-Bachelor Student, Department of Civil Engineering, University of Tehran, Tehran, Iran
3-Associate Professor, Department of New Energies and Environment, University of Tehran, Tehran, Iran

*P.0.B. 14399-57131, Tehran, Iran, Alireza.aslani@ut.ac.ir

Received: 8 June 2022  Accepted: 26 October 2022
Abstract
As the main factor of countries' economic development, which are also needed by all generations. In recent years, the
issue of energy supply has been one of the significant challenges, the main reason for which is dependence to the
limited supply of fuel. The way to end this problem seems to optimize energy consumption and re-switch to renewable
energy. In this research, a building in the new city of Andisheh is analyzed considering environmental conditions and
geographical directions using Carrier air conditioning software, and its thermal and cooling loads are examined for two
different compositions of external walls. After selecting the optimal mode, the building is rotated 45 degrees clockwise,
which by examining eight different directions, the minimum and maximum heating load required are equal to 124502.8
and 129579.3 kcal per hour and its cooling load were equal to 53.53 and 55.44 tons of cooling, respectively. In the
second step, in order to use renewable energy considering the average daily radiation of 5.2 kWh in the new city of
Andisheh, the project of hot water consumption using solar energy led to savings of 18945.16 Cubic meters of natural
gas per year. The economic study of this issue shows that the return on investment of solar water heaters is 11.26 years,
which is not cost-effective in the current economic situation.
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