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MITIGATING CO, EMISSIONS OF ACADEMIC BUILDINGS IN PAKISTAN
USING ENERGY CONSERVATION TECHNIQUES
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ABSTRACT

Energy use data of the sample school was gathered from available records as well as measured using an in-house
developed metering device that recorded the electric consumption data on hourly bases. Building energy simulations
were also carried out using TRNSYSO software for validating and comparing the actual energy consumed and
optimal energy consumption resulting from building energy simulation of the existing and re-designed building. The
results highlighted that if the building had been designed with proper considerations for energy efficiency, up to
30% of energy could have been saved. The measurements and analysis indicated that other measures like the use of
different types of window glazing, LED Lighting, efficient gas heating, and improvement in behavior pattern could
also result in substantial energy savings. The maximum achievable savings can be as much as 50% of the energy
cost of the school buildings. Additionally, once extrapolated over the entire school-going population of Pakistan the

CO, emission savings come out to be substantial, amounting to 3.07 M tonnes annually.

KEYWORDS: Building energy simulation; built environment; carbon emissions; energy conservation

INTRODUCTION

A huge amount of available energy is being used by
the built environment in developing countries. The built
environment utilizes nearly 50% of total energy being
used in developing / under-developed countries, while
even in developed regions of the world this ratio is as
high as 30%. Nearly half of the total primary energy,
in Pakistan, is consumed by commercial and residential
buildings, while they produce about 1/3 of total Carbon
Emissions. Managing energy usage and Green House
Gases (GHG) emissions has become a global challenge
and its impact on the developing regions is causing
immense problems for the population. It has, therefore,
become extremely important to regulate and reduce the
energy being consumed by the Built Environment. The
authors in a related paper (Sheikh et al., 2018) also
highlighted this.

It is feared that unless all countries across the globe
take immediate positive action, the world carbon emis-
sions shall double by the year 2030. For developing
countries, this ratio is expected to be even higher due
to their rapid development rates. Reducing carbon
emissions is, therefore, becoming a priority in Pakistan
as well. One way of achieving this goal is to minimize
the energy consumed by the buildings and provide these
minimized energy needs, using renewable energy sources.

In Pakistan, with a population approaching 220 million
people, out of which nearly 60% are youth. Due to this
Pakistan’s education system is extremely expansive. As
per the data available from Pakistan Education Statistics
2016-17 (Shah et al., 2018) Pakistan’s education system
comprises more than 317,323 educational institutions
that provide education to nearly 50.28 million students
at any given time. It is, therefore, a foregone that these
educational Institutions are a major energy consumer
in Pakistan.

It has been observed that energy conservation in
academic institutions can, not only provide major cost
savings for the academic institutions but can also be
instrumental in reducing carbon emissions in the country.
So far, energy expenses in academic institutions are
treated as unimportant in comparison with other pri-
orities. However, historical trend analysis of academic
institutions operating budgets shows that energy bills can
constitute between 10 to 15 % of the total expenditure
of the academic institutions and is generally the next
highest expenditure after the salaries of the faculty and
staff. Crosby & Metzger (Crosby & Metzger, 2013) con-
cluded that in recent times, there has been an increasing
focus on managing energy used in these institutions. It is
considered that to achieve higher energy efficiency and
conservation, it is important to bring awareness among
students around the globe about conserving available
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energy resources, use of Renewables and mitigating the
effects of Greenhouse Gases (GHG) on our global envi-
ronment. In developing countries, the rate of increase of
GHG emissions is much higher than that of the developed
world as generally their rate of development is higher. In
the case of Pakistan, the annual growth rate has increased
from close to 3% to about 5.5% in the last 2-3 years,
resulting in a large increase in GHG emissions.
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Fig. 1: Pakistan sector-wise CO2 emission chart
(Abas et al., 2017)

The two sectors of Power Generation and Buildings
has seen tremendous growth. As shown by Fig. 1 the
installed capacity of electricity generation has gone up
from 18,000 MW to 28,000 MW in the last 5 years
and this is likely to go up to 36,000 MW in the next
few years. This is likely to cause a further increase in
GHG emissions in Pakistan unless immediate measures
are not taken to control the emissions of pollutants. In
comparison to global carbon emissions, Pakistan’s carbon
footprint currently is quite small, but it has started to
increase rapidly (Abas, 2017) in the last few years due
to a healthy growth rate of the economy.

As seen from the above data, emissions from the built
environment are increasing alarmingly and several efforts
have been made to achieve energy efficiency and reduce
the carbon footprint of different categories of buildings
(Pérez-Lombard et al., 2008; Kneifel, 2010; Ma et al.,
2012; Gua et al., 2017; Chang & Chang, 2016; Berardi,
2017; Cong et al., 2015; Zhang, 2012; Olivier et al., 2019;
Amaxilatis et al., 2017). Among the built environment,
a major contributor is the academia related buildings
(Bull et al., 2014; Airaksinen, 2011; Hong et al., 2012;
Filippin, 2000; Chidiac et al., 2011; Allab, 2017) because
of their sheer numbers. Various authors have observed
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that the thermal comfort is lacking in most academic
buildings available to school-going children in developing
countries; even where a large cost is being incurred on
heating and cooling of academic buildings (Jindal, 2018;
Yun et al., 2014; Liang et al., 2012; Mishra & Ramgopal
2013; Hwang et al., 2006; Teli et al., 2012; Kumar et
al.,, 2016; Manu et al., 2016; Indraganti, 2010). Thus,
improving thermal comfort by using efficient temperature
control techniques and designing school buildings with
inbuilt thermal comfort by using thermal energy storage
(TES) (Lefebvre, & Tezel, 2017; Gracia, & Cabeza,
2015; Ndiaye et al., 2018; Heier et al., 2015; Berardi,
& Soudian, 2018; McKenna et al., 2018; Saffari et al.,
2017; Narain et al., 2016; and Li et al., 2018), providing
natural ventilation (He et al., 2017; Aldawoud, 2017,
Pieri et al., 2017; and Chen et al., 2017) and using
optimum building orientation (Varoglu, & Altin, 2017;
Keplinger, 1978; and Hemsath, 2016) are priorities in
developing countries.

MATERIALS AND METHODS

For the purpose of this study a school located in
Islamabad, Pakistan was selected. The selected school
was built in 2004. The building of the school is a double
story structure with 44 classrooms and a floor area of
approximately 2240 m?. The school has an enrolment
of 1020 students on average. A detailed analysis of
the School building energy consumption patterns is
performed to identify energy-saving opportunities and
the possibility of cost savings and reduction in carbon
emission by improving the energy consumption of school
buildings in Pakistan.

The main objective of the study was to identify areas
in which schools can increase the efficiency of energy
usage and bring about better energy conservation as well
as achieve a substantial reduction in the school’s energy
bills. The study of the selected School was carried out
through the following steps. The details of the energy
consumed in the school building were established using
three different methods.

Monthly energy bills for gas and electricity were
analyzed to find basic loads and peak loads to pinpoint

for what purpose the energy was used.

The electricity consumption for one week during the
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month of November was measured to ensure the accuracy
of the bills. This one-week data was used to extrapolate
consumption for the whole month of November for
comparison as only the monthly energy consumption
data were available in the records.

Energy usage simulation was carried out using the
TRNSYSO software (TRNSYS 17, 2014) to establish
the amount of energy being utilized by the buildings for
heating, cooling, lighting, and ventilation. The typical
meteorological year (TMY) weather data for the urban
arca of Islamabad, Pakistan is used to carry out the
simulation.

Gas bills

Monthly gas bills for the selected School were avail-
able in units of Hector cubic meter. (Hm®). This data
was converted into energy units (GJ) by using Eq. 1.

5, 100m®  40MJ 1GI

1Hm - X — X
1Hm Im 10°MJ

=4GJ  Eq. (1)
Electricity bills

Similarly, monthly bills for electricity were available
in units of KWh. These were converted into primary
energy (GJ) by multiplying monthly kWh by using Eq. 2.

SOMI, 1G] 5 0010867 Eq (2)

TKWh x 22" —
IKWh ™ 10°MJ

Using 33% efficiency for conversion of electricity
into primary energy, the monthly gas, and electricity
energy data was added and plotted as shown in Fig. 2.

After plotting the monthly values, a baseline load for
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Fig. 2: Annual energy consumption chart
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the minimum or near minimum monthly consumption
was calculated by conducting an Energy Audit. This load
consisted of lighting, ventilation, pumps, and cooking,
etc. Then this baseload was subtracted from the total
monthly consumption to calculate the energy for heating
and cooling as shown in Fig. 3. The base consumption
value was then multiplied with 12 to obtain total annual
consumption.

SCHOOL ENERGY CONSUMPTION DISTRIBUTION

Basic Load
44% Jg Heating
Jl 56%

Total Annual Load
1345 GJ

Fig. 3: School energy consumption distribution

RESULTS
Energy Measurement Results

A power telemetry device was designed and fabricated
to record the electrical consumption of the building in
kWh units. The device also had the capability to measure
instantaneous power, frequency, power factor, current,
and voltage. The device is shown in Fig. 4.

Fig. 4: Power Telemetry Device

The system comprised of the following components:
1. Three Phase Digital Power Meters

2. Arduino Mega 2560 (Controller)
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3. RS 485 Communication Module
4. Current Transformer (CT) Sensors 200/5A
5. Wireless Internet Module

The system was integrated in such a way that it sent
the measured values on to a web server after every hour
and these values are plotted to see the electricity con-
sumption of the building. This power telemetry device
was installed on-site to measure electricity consumption
in the School. The device also displayed this data online
numerically and graphically for analysis. Graphical data
received from the device on 18th November is given
in Fig. 5.
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Fig. 5: Hourly measured electricity consumption data

The daily-accumulated electricity consumption mea-
sured by the device for one entire week of November
is shown in Fig. 6 below.
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one entire week.

When extrapolated for the full month of November,
the total comes to 26.03 GJ which is in close agreement
with the value calculated from the electricity bills. This
validated the electricity consumption data calculated
earlier from the utility bills.
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Simulation Results

TRNSYSO is a complete and extensible simulation
environment for the transient simulation of systems,
including multi-zone buildings. It can be used to validate
various energy concepts, from simple domestic hot water
systems to the design and simulation of buildings and
their equipment, including control strategies, occupant
behavior, alternative energy systems (wind, solar, pho-
tovoltaic, hydrogen systems), etc.

As the weather data for the urban Islamabad area was
not available in the TRNSYS© libraries, the weather
data file was generated in the required TMY2 (Typical
Meteorological Year) format, using data acquired from
Pakistan Meteorological Department. The monthly
average energy requirement for the school building was
simulated using TRNSY SO software. The components of
the flow diagram used for simulating the energy usage is
given in Fig. 7 below. The design of the school building
envelope, building orientation and internal heat loads
were input to the model.

,—‘ e 7 4 e
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Fig. 7: Simulation Flow Diagram

Building Mathematical Model

The building mathematical model described above was
input into TRNSYS© for performing the thermal analysis.
TRNSYSO© carries out the analysis using energy flow
across the thermal zones’ boundaries. The TRNSYS©
multi-zone building (TYPE 56) (TRNSYS 17, 2005)
was used to model the school building.

Analysis of Data

For comparison, the calculated data obtained from
the TRNSYSO simulation model for each month was
plotted against the energy data calculated from the energy
bills (Fig. 8).
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Energy Bills Vs. TRNSYS Simulation Results
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Fig. 8: Energy bills data Vs. TRNSYSO simulation
results

Energy consumption simulations were performed
using assumptions that the building interior temperatures
are maintained at a minimum of 20°C in winter and
no indoor temperature regulation is carried out during
summer months of June, July and August (as these are
the summer holiday months). During the rest of the year
where temperatures are mostly within bearable limits and
cooling is provided using fans and natural ventilation only.

Winter Months

The simulation results, when compared with actual
energy consumption data (Fig. 7 above), show that actual
energy consumption during winter months is much higher
than predicted by the simulation results. The reason
concluded for this discrepancy after the investigation
was that the building indoor temperature was not being
regulated in actual practice, thus allowing heating to
raise the indoor temperature too much higher than the
optimum 20°C. Additionally, an inspection of the building
revealed that due to poor insulation and high outside air
infiltration rate through the doors and windows, which
were often left open, caused a large aggregate of energy
losses. It was also noted that the gas heaters were old
(older than 5 years) and used energy inefficiently. The
old gas heaters not only used more gas but also posed a
threat to the safety of the students due to the possibility
of methane gas leakages and Carbon monoxide emission
in the classrooms.

Summer Months

On the other hand, during the summer months, actual
energy consumption shown by bills is somewhat lower
than those of the TRNSYS© simulation results. The
reasons for this were clear as the school remains closed
for the three summer months and even most of the base
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loads are not in use during this time. The other months
being milder, most fans can provide the required thermal
comfort and the School does not use any air conditioning.

The comparison of the actual and simulation results
for the energy required for school building to keep
a comfortable temperature inside the building during
working hours showed that several improvements includ-
ing utilization of better gas heaters with temperature
regulation and better sealing and insulation would result
in substantial energy savings as well as provide a safer
environment for the children.

Building Layout Simulation Results

The selected school building energy consumption was
calculated both for the current building layout and for a
more efficient H-configuration with the same number of
classrooms and floor area, as depicted in Fig. 9 below.
The improvement in energy consumption by the

H-configuration building shows that if during the
design phase of the building, care had been taken in
designing the building in line with good energy conser-
vation practices, including layout design and building
geographical orientation a large amount of energy could
have been saved. This analysis was carried out to high-
light the importance of good design practices for various
stakeholders. The improvement in the performance of
the building with the changed layout is shown in Fig.
9 below.

The simulation results show changing the existing
building design to the H-configuration structure saves
a large amount of energy annually.

Total Energy consumption of Existing Building
= 306,111 kWh/year =3306 GJ/year ...... (1)

Total Energy consumption of H-configuration
Building= 214,352 kWh/year = 2315 Gl/year ...... 2)

The energy consumption amounts calculated above;
we can find the percentage of energy that could have to
be saved annually if the building had been designed to

be more energy-efficient from the beginning.

Annual energy savings possible = (3306-2315)/3306
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x 100 =29.9 %
Cost-Benefit Analysis

The following Energy Efficiency Measures (EEM’s)
were recommended to the School management based
on the data analyzed.

*  Windows double-glazing
* LED Lighting

*  Gas Heater Replacement
*  Behavior-Based Measures

The cost of energy saved has been calculated using
the present commercial rate of primary gas of $6/GJ. The
cost-benefit analyses of four identified energy efficiency
measures are described below.

Double glazed windows

Glazing is the action of installing windows in a build-
ing. Single glazed windows are installed in the existing
school building, by retrofitting of solid wall dwellings
and have shown significant advantages of using external
wall insulations including the use of double or triple
glazed windows (Memon, & Eames, 2017). As only
double glazed windows are available in the local market,
their impact on Academic institution’s energy usage was
calculated through TRNSYS© simulations. These simu-
lation results established that the School building energy
consumption can be reduced by 245GJ/Year.

TRNSYSO©O simulation results gave the following
energy statistics:

Current energy usage for winter season = 1704 GJ/
year.

The energy requirement for the winter season with
double glazed windows =1459 Gl/year.

Annual energy saving due to double glazed windows
= 1704 GJ - 1459 GJ = 245 Gl/year.

Cost Saving / Year = 245GJ x $6 / 1GJ = $1,470 /
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year.

The current cost of installing double glazed windows
@ $ 36/m?

Cost of installation of double glazing windows = $
36/m* x 528 m? = $ 19,008

Payback =19,008/1470 = 12.93=13 years
LED Lighting

Various studies have shown that LED lights have great
potential to replace fluorescent lamps, mainly driven by
the cost savings (Gan et al., 2013; and DOE, 2016). Most
of the School lighting was currently based on CFL tubes
and hence substantial opportunity existed for energy and
cost savings if high efficiency LED lights.

Electricity Saving/Year=2.5W/m2 x (1120m2)/
floorx2floorsx8hr/dayx20days/month x
12 months/year x1kWh/1000wh = 10,752 kWh

Total Energy consumption=10,752 kWh x3.6MJ/
kWh x 1GJ/1000MJ = 39GJ Primary
Energy saved=39GJ x3 = 117GJ

Energy cost with LEDs =10,752 kWh x $ 0.10/
kWh=$ 1,075

Energy cost with TL =25,920 kWh x $ 0.10/kWh=$
2,592

Energy cost saving with LEDs =$ 2,592 -$ 1,075=$
1,517

Cost of LED’s = (2.5x2240) W x$ 1/W = $5,600

Payback=$ 5600/(1517 ) = 3.69 years.
Gas Heaters

The simulation result shows that gas heating systems
presently used in the selected School are inefficient. The
amount of excess energy in the winter months comes

out to be 362GJ. The saving cost, implementation cost
and payback period are given below:
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Improvement in Energy Performance
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Fig. 9: Improvements in Energy Performance of Buildings

Energy-saving by replacing Heaters= 865GJ — 503GJ
=362 GJ

Taking Heater Efficiency = 80%
Total energy saving = 80/100x362GJ=289.6GJ

No. of heaters = 2 Heater/Room % 40 room = 80
Heaters

Cost of heaters = $95/Heater x 80 Heater = $7,600

Total Saving / Year = $6 / GJ x 289.6 GJ = $1,738/year

Payback period = $7,600 / $1,738 = 4.37 years
Behavior-Based Measures

It has been established that Academic institutions can
save up to 20 to 37% of energy using behavior-based
measures (U.S. EPA, 2011). However, to be conservative
and from interviewing various stakeholders at the school it
was estimated that initially through proper indoctrination
approximately 10% of energy consumption per year can
be saved using behavior-based measures, which amounts
to an energy-saving of:

Total energy consumed by the building = 1345 GJ
/ Year

Energy-saving @ 10% = 134.5 GJ / Year
Cost savings = 134.5 GJ / Year x $6/GJ = $807 / Year

The table 1 below shows the implementation cost,
benefits per year and payback period after implementation
of these measures for the School building.

DISCUSSION

The study highlighted that if the school building had
been designed with consideration for energy savings, up
to 30% energy conservation could have been achieved
with a better building layout (optimally orientated
H-configuration). Other measures like improvement in
window glazing (18.21%), Lighting (8.7%), gas heating
(21.53%) and behavior pattern (10%) also result in
substantial savings as mentioned against each measure.
The total achievable monetary savings represent approx-
imately 58 % of the cost of energy currently used by
the Selected School building. Additionally, these energy
savings equate to an average energy consumption index
of 1.12 GJ per student per year and an annual greenhouse
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Table 1: Results summary
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EEM EEM Imple- Savings Payback
ment Cost Annual Energy Savings Energy Sav- | Energy Sav- Carbon Period
ing Cost ings Savings
$ GJ/year kWh/year $pa % T CO2 Years
Windows 19,008 245 22,685 1,470 18.21% 11.50 12.93
Double
Glazing
LED Lighting 5,600 117 10,833 1,517 8.70% 5.40 3.69
Gas Heaters 7,600 290 26,815 1,738 21.53% 13.45 437
Behavior 0 135 12,454 807 10.00% 6.25 0.00
Patterns
H-Configura- N/A 991 91,759 N/A 30.00% 25.4 0.00
tion Building
Layout*
Total 32,208 1,777 164,546 5,532 62.0 5.82

* Possibility existed only if the design was implemented prior to building the school.

gas emissions equivalent to 62 tonnes of CO, or 0.061
tonnes of CO, per student per year.

CONCLUSIONS

In this paper, the study was able to establish the
current energy consumption pattern for the selected
School. This helped to identify energy efficiency mea-
sures (EEM’s) to reduce the energy consumption of the
School. Results achieved from various analytical and
computational methods highlighted the fact that energy
flow in the building can be improved substantially.
Various hidden opportunities for energy saving were
made evident. Though simple analysis of energy bills
does not provide any insight into energy-saving oppor-
tunity, however, when actual energy consumption data
is compared with TRNSYS© simulation results a large
potential for saving energy used for heating the building
in winter months can be seen.

Among the energy efficiency measures (EEM), the
behavior patterns, though not costing anything, are the
most difficult to implement. However, if implemented,
behavior-based measures yield a number of important
benefits including spreading the message of energy con-
servation to the larger community through the students.
The lighting and gas heater replacement is the next to
energy efficiency measure in the order of payback and
is recommended to be implemented as early as possible.
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The replacement of window glazing needs major invest-
ment, has a longer payback period, and therefore, is
recommended to be implemented last.

If these results are seen from the perspective of the
statistics showing that the education system of Pakistan
(Sheikh et al., 2018), comprises of 317,323 educational
institutions and is educating nearly 50.28 million students
at any given time (a number greater than population of
more than 204 individual countries out of the 233 coun-
tries listed by UN in its population statistic (UNESA,
2017). The immensity of these figures highlights the
massive opportunity that exists in this area alone, for
mitigating global environmental impact. The current
year (2018-19) education budget of Pakistan is PKR
97.4 billion or USD 0.7 billion. Out of this, about 90%
is utilized in the running expenses of the educational
institutes. The results show that per student saving of
USD 5.42 can be achieved. This translates to USD
272.7 million in savings per annum. Thus, if proper
energy conservation measures are taken the effect would
be as if approximately 39% of the education budget is
enhanced, giving a much-needed boost to the education
system in Pakistan.

The total CO, emissions reduction theoretically
possible by improving the building design of academic
institutions thus falls in the region of 3.07M tonnes annu-
ally. Though this reduction is only 1.43% of Pakistan’s
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huge 214M tonnes of annual CO, emissions. However,
this is a start and if similar options are considered for
the entire building sector in Pakistan, substantial savings
in GHG emissions can be achieved. Therefore, this study
is also very important as it highlights that Pakistan needs
to take a policy decision with regard to stricter building
codes if it is to achieve the UN Sustainable Development
Goals by 2030.

Funding

This research was funded by 50% by the Higher
Education Commission of Pakistan (HEC) through grant
No: 20(027)/SIOP/R&D/2016 dated May 25, 2016, and
50% through internal R&D funding of Air University,
Islamabad, Pakistan.

Acknowledgments

The support of the Air University Mechatronics
Engineering Department and Lab staff was crucial in
the completion of work.

REFERENCES

1. Sheikh S. R., Ghafoor N., Rehman A. and Ghaffar
M. (2018), “Reducing the Environmental Impact of
School Buildings through Better Design: A Case
Study in Pakistan”, The European Conference

on Sustainability, Energy and the Environment
(ECSEE2018), 42353, pp. 35.

2. Shah D., Amin N., Muhammad K. B., Piracha Z. F. and
Adeel M. (2018), “Pakistan Education Statistics 2016
-177, National Education Management Information
System (NEMIS), Academy of Educational Planning
and Management (AEPAM) with technical and
financial support from the United Nations Children s
Fund (UNICEF), Pakistan.

3. Crosby K. and Metzger A.B. (2013). “Powering

Down: A Toolkit for Behavior-Based Energy
U.S.
Green Building Council, Inc. Washington, D. C.,
United States.

Conservation in K-12 Academic institutions”,

4. Abas N., Kalair A., Khan N. and Kalair A. R. (2017),
“Review of GHG emissions in Pakistan compared

10.

11.

12.

ISSN 1023-862X - elISSN 2518-4571

to SAARC countries”, Renewable and Sustainable
Energy Reviews, 80, pp. 990-1016.

Pérez-Lombard L., Ortiz J. and Pout C. (2008),
“A review on buildings energy consumption infor-
mation”, Energy and Buildings, vol. 40, no. 3, pp.
394-398. DOI: 10.1016/j.enbuild.2007.03.007.

Kneifel J. (2010), “Life-cycle carbon and cost analy-
sis of energy efficiency measures in new commercial
buildings”, Energy and Buildings, vol. 42, no. 3,
pp. 333-340.

Ma Z., Cooper P, Daly D. and Ledo L. (2012),
“Existing building retrofits: Methodology and
state-of-the-art”, Energy and Buildings, vol. 55,
pp. 889-902.

Guo H., Liu Y, Chang WS., Shao Y. and Sun C.
(2017), “Energy Saving and Carbon Reduction in
the Operation Stage of Cross Laminated Timber
Residential Buildings in China”, Sustainability, vol.
9, no. 2, pp. 292.

Chang K. and Chang H. (2016), “Cutting CO2
intensity targets of interprovincial emissions trading
in China”, Applied Energy, vol. 163, pp. 211-221.

Berardi U. (2017), “A cross-country comparison of
the building energy consumptions and their trends;
Resources”, Conservation and Recycling, vol. 123,
pp. 230-241.

Cong X., Zhao M. and Li L. (2015), “Analysis of
Carbon Dioxide Emissions of Buildings in Different
Regions of China Based on STIRPAT Model”,
Procedia Engineering, vol. 121, pp. 645-652.

Zhang Y.P. (2012). “Energy Conservation Strategy
Research for Residential Building Refurbishment in
Urban area of China”, PhD Thesis, Politecnico di
Torino, Italy.

Olivier J. G. J. and Peters J. A. H. W. (2020), “Trends
in global CO2 and total greenhouse gas emissions:
2019 Report”, PBL Netherlands Environmental
Assessment Agency, The Hague, The Netherlands.

83



J. Engg. and Appl. Sci. Vol.38 No,2 July-December 2019

14.

15.

16.

17.

18.

19.

20.

21.

22.

84

Amaxilatis, D., Akrivopoulos, O., Mylonas, G. and
Chatzigiannakis, 1. (2017), “An loT-Based Solution
for Monitoring a Fleet of Educational Buildings
Focusing on Energy Efficiency”, Sensors (Basel,
Switzerland); vol. 17, no. 10, pp. 2296.

Bull, J., Gupta, A., Mumovic, D. and Kimpian,
J. (2014), “Life cycle cost and carbon footprint
of energy efficient refurbishments to 20th century
UK school buildings”, International Journal of
Sustainable Built Environment, vol. 3, no. 1, pp. 1-17.

Airaksinen, M. (2011), “Energy Use in Day Care
Centers and Schools”, Energies, vol. 4, pp. 998-1009.

Hong T., Kim, H. J. and Kwak T. (2012), “Energy-
Saving Techniques for Reducing C02 Emissions
in Elementary Schools”, Journal of Management
in Engineering, vol. 28, pp. 39-50. DOI: 10.1061/
(ASCE)ME.1943-5479.0000073.

Filippin C. (2000), “Benchmarking the energy effi-
ciency and greenhouse gases emissions of school
buildings in central Argentina”, Building and
Environment, vol. 35, no. 5, pp. 407-414.

Chidiac S. E., Catania E. J. C., Morofsky E. and
Foo S. (2011), “Effectiveness of single and multiple
energy retrofit measures on the energy consumption
of office buildings”, Energy, vol. 36, no. 8, pp.
5037-5052.

Allab Y, Pellegrino M., Guo X., Nefzaoui E. and
Kindinis A. (2017), “Energy and comfort assessment
in educational building: Case study in a French

university campus’, Energy and Buildings, vol.
143, pp. 202-219.

Jindal A. (2018), “Thermal comfort study in nat-
urally ventilated school classrooms in composite
climate of India”. Building and Environment, vol.
142, pp. 34-46.

Yun H., Nam L, Kim J., Yang J., Lee K. and Sohn J.
(2014), “A field study of thermal comfort for kinder-
garten children in Korea: an assessment of existing
models and preferences of children”. Building and
Environment, vol. 75, pp. 182-189.

23.

24.

25.

26.

27.

28.

29.

30.

31.

ISSN 1023-862X - elISSN 2518-4571

Liang H. H., Lin T. P. and Wang R. L. (2014)
“Linking occupants’thermal perception and building
thermal performance in naturally ventilated school
buildings”, Applied Energy, vol. 94, pp. 355-363.

Mishra A. K. and Ramgopal M. (2013), “Field
studies on human thermal comfort - an overview”,
Building and Environment, vol. 64, pp. 94-106. DOI:
10.1016/j.buildenv.2013.02.015.

Hwang R. L., Lin T. P. and Kuo N. J. (2006), “Field
experiments on thermal comfort in school classrooms

in Taiwan”, Building and Environment, vol. 38, no.
1, pp. 53-62.

Teli D., Jentsch M. F. and James P. A. B. (2012),
“Naturally ventilated classrooms: an assessment of
existing comfort models for predicting the thermal
sensation and preference of primary school chil-
dren”.Energy and Buildings, vol. 53, pp. 166-182.

Kumar S., Singh M. K., Loftness V., Mathur J. and
Mathur, S. (2016), “Thermal comfort assessment
and characteristics of occupant’s behaviour in nat-
urallyventilated buildings in composite climate of
India”, Energy for Sustainable Development, vol.
33, pp. 108-121.

Manu S., Shukla Y., Rawal R., Thomas L. E. and
Dear R.de (2016), “Field studies of thermal comfort
across multiple climate zones for the subcontinent:
India Model for Adaptive Comfort (IMAC) ", Building
and Environment, vol. 98, pp. 55-70.

Indraganti M. (2010), “Using the adaptive model of
thermal comfort for obtaining indoor neutral tem-
perature: findings from a field study in Hyderabad,
India”, Building and Environment, vol. 45, no. 3,
pp. 519-536.

Lefebvre D. and Tezel F. H. (2017), “A review of
energy storage technologies with a focus on adsorp-
tion thermal energy storage processes for heating
applications”, Renewable and Sustainable Energy
Reviews, vol. 67, pp. 116-125.

Gracia A. de and Cabeza L. F. (2015), “Phase
change materials and thermal energy storage for



J. Engg. and Appl. Sci. Vol.38 No,2 July-December 2019

32.

33.

34.

35.

36.

37.

38.

39.

40.

buildings”. Energy and Buildings, vol. 103, pp.
414-419.

Ndiaye K., Ginestet S. and Cyr M. (2018), “Thermal
energy storage based on cementitious materials: A
review”, AIMS Energy, vol. 6, no. 1, pp. 97-120.

Heier J., Bales C. and Martin V. (2015), “Combining
thermal energy storage with buildings — a review”,
Renewable and Sustainable Energy Reviews, vol. 42,
no. C, pp. 1305-1325.

Berardi U. and Soudian S. (2018), “Benefits of latent
thermal energy storage in the retrofit of Canadian
high-rise residential buildings”. Building Simulation,
vol. 11, pp. 709.

McKenna P, Turner W. J. N. and Finn D. P. (2018),
“Geo-cooling with integrated PCM thermal energy

storage in a commercial building”, Energy, vol.
144, pp. 865-876.

Saffari M., de Gracia A., Ushak S. and Cabeza L.
F (2017), “Passive cooling of buildings with phase
change materials using whole-building energy simu-
lation tools: A review”, Renewable and Sustainable
Energy Reviews, vol. 80, pp. 1239—1255.

Narain J., Jin W., Ghandehari M., Wilke E., Shukla
N., Berardi U., El-Korchi T. and Dessel S. van.
(2016), “Design and application of concrete tiles
enhanced with microencapsulated phase-change

material”, Journal of Architectural Engineering,
vol. 22, no. 1, 05015003.

Li J., Meng X., Gao Y., Mao W., Luo T. and Zhang
L. (2018), “Effect of the insulation materials filling
on the thermal performance of sintered hollow
bricks”, Case Studies in Thermal Engineering, vol.
11, pp. 62-70.

He Y, Liu M., Kvan T. and Peng S. (2017), “An
enthalpy-based energy savings estimation method
targeting thermal comfort level in naturally venti-
lated buildings in hot-humid summer zones”. Applied
Energy, vol. 187, pp. 717-731.

Aldawoud A. (2017), “Windows design for maximum

41.

42.

43.

44.

45.

46.

47.

48.

49.

ISSN 1023-862X - elISSN 2518-4571

cross-ventilation in buildings”. Advances in Building
Energy Research, vol. 11, no. 1, pp. 67-86.

Pieri, S. P, Santamouris M. and Tzouvadakis I. (2017),
“Energy signature models of naturally ventilated
hotels in Athens: a hotel classification methodology”,

International Journal of Ventilation, vol. 16, no. 4,
pp. 269-290, DOI: 10.1080/14733315.2016.1173288.

Chen Y., Tong Z. and Malkawi A. (2017),
“Investigating natural ventilation potentials across
the globe: Regional and climatic variations”.
Building and Environment, vol. 122, pp. 386-396.

Varoglu E. S. and Altin M. (2017), “A Method
Developed for Determining the Optimum Orientation
and the Optimum Shading of School Buildings
in Warm Climatic Regions”. Eurasia Journal of
Mathematics, Science and Technology Education.
13(12):7637-7649.

Keplinger D. (1978). Designing new build-
ings of optimum shape and orientation. Habitat
International, vol. 3, no. 5-6, pp. 577-585.

Hemsath T. L. (2016), “Housing orientation s effect
on energy use in suburban developments”, Energy
and Buildings, vol. 122, pp. 98-106.

TRNSYS 17 (2014), “A Transient System Simulation
Program”, TRNSYS 17 Manual, vol. 1, the Solar
Energy Laboratory, University of Wisconsin-Madison.

TRNSYS 17 (2005), “Multizone Building modeling
with Type56 and TRNBuild”, TRNSYS 17 Manual,
vol. 5, the Solar Energy Laboratory, University of
Wisconsin-Madison.

Memon S. and Eames P. C. (2017), “Predicting the
solar energy and space-heating energy performance
for solid-wall detached house retrofitted with the
composite edge-sealed triple vacuum glazing”.
Energy Procedia, vol. 122, pp. 565-570.

Gan C. K., Sapar A. F,, Mun Y. C. and Chong K. E.

(2013), “Techno-economic Analysis of LED Lighting:
Engineering, vol. 53, pp. 208-216.

85



J. Engg. and Appl. Sci. Vol.38 No,2 July-December 2019

50. DOE (2016), “Adoption of Light-Emitting Diodes in

51

86

Common Lighting Applications. Solid-State Lighting
Program, Building Technologies Olffice”. Olffice
of Energy Efficiency and Renewable Energy, U.S.
Department of Energy. Washington DC, USA.

U. S. EPA (2011), “Energy Efficiency Programs in
K-12 Academic institutions, A Guide to Developing

and Implementing Greenhouse Gas Reduction
Programs”, EPA 430-R-09-034.

ISSN 1023-862X - elISSN 2518-4571

52. UNESA (2017), “World Population Prospects:
The 2017 Revision, Key Findings and Advance
Tables”, Working Paper No. ESA/P/WP/248, United
Nations, Department of Economic and Social Affairs
Population Division.



