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Sustainable energy has become the main agenda globally. Among the renewable energy
(RE) sources, solar provides huge potential in electricity production due to the
abundance of sun radiation. As tropical country Malaysia enriched with solar radiation
the whole year. This paper aimed to study the environmental perspective towards solar
installation in the UUM campus building. Climate change sharply decreased by
implementing the solar photovoltaic (PV) system up to 91.2 % compared to the
conventional source of electricity supply. The global warming impact of solar panel
installation was in the range of 44.74 to 178.99 g CO2EQ / kWh. The most contributing
process towards this impact was transportation. Installation PV in UUM campus, could
avoided carbon dioxide emissions equivalent to 996 ton of waste recycled instead of
landfilled or 47583 tree seedlings grown for ten years. Hopefully, the result encourages
stakeholders to consume solar power as the primary source of renewable energy
components on the way to achieving the Malaysia government’s target of 50% RE in
electricity generation.

1. Introduction

A substantial number of universities worldwide are scheduling appropriate investments to
expand their sustainability in short and medium terms [1]. Related to this, universities consuming
clean energy in their campus. Highers top three rank in SDG 7 (Affordable and Clean Energy) for Time
Higher Education (THE) consuming renewable energy in campus operation. King Mongkut’s
University of Technology Thonburi target to install 2MW solar rooftop by 2024. Nevertheless,
universities’ contributions towards environmental impacts and resource efficiency cannot be
disregarded as there are over 13,000 universities worldwide, and the amount is still increasing,
especially in developing countries with more prominent environmental hitches. As a complicated
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ecosystem, universities can be recognised as ‘small towns’ because of their exhaustive community
and establishment of multiplex services, including education, commercial, medical, and outdoor
activities. All these processes significantly employ natural resources and cause substantial impacts
on the environment [2]. This issue is consistent with the Sustainable Development Agenda 2030 and
the Sustainable Development Goals (SDGs) since it helps to ensure that everybody has access to
sustainable energy sources (SDG7), ensure fair, comprehensive, and continuous decent education
(SDG4), and effective information and communication technologies (a component from SDG9) [3].
The installation of solar energy is right in confirming that the effort is effective [4,5]. As of today,
many universities have executed solar power on their campus. The same applies to the University of
Utah, where it implemented solar panels that would bring up to 71% of the electric generation from
renewable sources to their university campus. This initiative reduces local pollution significantly and
increases air quality.

Throughout the adoption of new technology, higher education institutions such as colleges and
universities play a significant role in society. Solar energy has been implemented widely in many
buildings, and it includes university buildings as well. As for now, universities in Malaysia have played
their roles and have been listed in the Ul GreenMetric World University Rankings in the year 2020,
including Universiti Putra Malaysia in the 28 place and Universiti Utara Malaysia in the 77t place.
In 2019, UiTM Holdings Sdn. Bhd. was granted a 50 MW capacity solar project located in Gambang,
Pahang, making it the earliest campus throughout the world to invest in a green scheme through the
issue of ASEAN Green SRI Sukuk. Furthermore, the assistance from the Green SRI Sukuk scheme
ultimately fosters greater investor access and prioritises environmental and social effects [6]. This
shows that universities in Malaysia have an enormous potential to develop solar energy in their
university campuses and are currently supported by the government of Malaysia in many ways [7].

To address the environment, the best solution available is using the life cycle assessment (LCA),
an established method applied in many studies. Prior research [8] reviewed existing studies about
LCA applied to buildings and identified two classifications, which were the building industry (e.g.,
construction) and building sector (e.g., residential and commercial). Table 1 summarises similar
studies that use LCA for building-integrated solar photovoltaic (PV) systems. Most of the research
assessed regular environmental matters, mostly CO; emissions. LCA studies based on other diverse
impact categories are scarce [9].

Table 1
Summary of similar previous studies
University Country Objective Result Reference
King Mongkut’s Bangkok, 52.7 kWp solar Projected to avoid Eskew et al., (2018)
University of Thailand installation ~1.00E+06 kg CO2-eq over its
Technology Thonburi lifetime
National University of Bogota, 1 kWh produced  The environmental impact was  Sierra et al., (2020)
Colombia Colombia with a PV system  reproduced in the process of
extraction, transport, and
disposal of PV panels
Autonomous Barcelona Compare type of  Impacts produced by BAPV on Corcelli et al., (2019)
University of city centre rooftop climate change equivalent to -
Barcelona 430 kg COz eq/m?

This paper aims to
I.  Evaluate the life cycle assessment (LCA) impact on the solar PV system
II.  Compare the LCA of solar PV and conventional resources’ electricity supply at Universiti
Utara Malaysia (UUM), Sintok, Kedah, Malaysia.

224



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 29, Issue 2 (2023) 223-235

2. Methodology

The life cycle assessment (LCA) is a method that intends to interpret the environmental impacts

of electricity generation based on the solar installation’s entire life cycle. In this study, the boundary
involved extraction, transportation, and installation during its process. Figure 2 and Figure 3 show
the system boundaries for solar and coal-based electricity generation in Malaysia, respectively.
For the assessment of the installation of the PV system at Universiti Utara Malaysia (UUM), Kedah
Malaysia, the ISO 14040 and ISO 14041 standards were employed based on the OPENLCA software
application. This software application has a graphical interface that permits input of the flows of
resources according to the model to be examined. Furthermore, this software has associated major
global databases with the inputs and outputs for many processes throughout their life cycle, including
Ecoinvent, NEEDS, AGRIFOODPRINT, and other more established database [13]. The environmental
impact study was developed with the CML2001 methodology [14].

Universiti Utara Malaysia’s (UUM) location in the northern region of Malaysia is enriched with
radiation up to 633 W/m?, the most suitable for on-campus solar installation. Figure 1 shows the
average solar irradiance for Malaysia in 2021.

Zolar Radiation (KWh/m2/
day)

I 3.151666667

) e |

Powened by Bing
@ GeaNames, Micrasaft, TomTem

Fig. 1. Malaysia solar radiation in 2021

2.1 Research Scope

The study aimed to compare the environmental impacts under the CML2001 methodology,
between 1 kWh generated with an installation of a photovoltaic system and 1 kWh of the
conventional type of electricity generation using coal. The assessed impact categories presented a
systems-oriented approach, grouped into 11 damage categories, such as climate change and
acidification, which determine their highest impact during the entire life cycle, as indicated in Figure
2.

SYSTEM BOUNDARY

o 8

TRANSPORTATION PV FABRICATION INSTALLATION
The transportation The input /output The output
is using 16 ton lorry of the process is electricty is
capacity from taken from the assume 1kWh and
Kulim to UUM, available database the installation is
Sintok Kedah. inthe Open LCA. include the cable,
The fabrication converter process.
mills consider at
First Solar Kulim

Y

9 stransport, lorry 32t |8

4 sRAW MAT PRE-PROC: electric installation,

Fig. 2. System boundary of solar-based electricity generation
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2.1.1 Rooftop PV panel and installation process

The UUM campus is fully furnished with contemporary facilities. The focal buildings on the
campus are the academic buildings, the library, the administrative buildings, University Health
Centre, and the Sports Centre. Figure 3 illustrates the UUM campus map. The academic buildings
comprise three colleges: the College of Business (COB), College of Arts and Sciences (CAS), and
College of Law, Government, and International Studies (COLGIS). This study only focused on the
academic buildings and selected schools due to the available data from the Development and
Maintenance Department (JPP). The selected schools were the School of Technology Management
and Logistics (STML), School of Economics, Finance, and Banking (SEFB), and School of Business
Management (SBM) under COB; and the School of Quantitative Sciences (SQS) and School of
Multimedia Technology and Communication (SMMTC) under CAS. Lastly, Lecture Halls DKG 1-6 were
also chosen in this study. The structure of the case study is shown in Figure 3. Rooftop PV systems
are frequently the ideal installation sites for most residential and several non-residential selections
[15].

i ) AR
BEEEQ /©

03 SEFB
ROOFTOP 7,358 m2
ANNUAL 310,000 kWh 02 SMMTC
CONS.
J ROOFTOP  5,053m2
ANNUAL 210,000 kWh
CONS.
04 sBm
ROOFTOP 13386 m2
ANNUAL 560,000 kWh
CONS.
01 sTML & sas
ROOF TOP 4,523 m2
05 DKG 1‘6 ANNUAL 226,000 kWh

CONS.
ROOFTOP 24,596 m2
ANNUAL 1,900,000 kWh
CONS.

7N p
Fig.3. UUM campus map

The potential of solar power generation was estimated using the PWWatt Calculator [16]. The
steps involved: (1) Resource Data Map - Lat, Lng: 6.45, 100.46; (2) Detailed information system —i.
DC system size, ii. Module type, iii. Array type [17], iv. System loss [18], v. Tilt [19], vi. Azimuth [20],
and (3) Drawing of the exact location. The DC system size was calculated using Eq. (1), with 16%
module efficiency [16]. Figure 4 summarises the steps to obtain the system capacity.

Size (kW) = Array Area (m?) x 1 kW/m? x Module Efficiency (%) (1)
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SOLAR RESOURCE DATA 1

The latitude and longitude of the solar resource data site is shown below, along with the distance between your
location and the center of the site grid cell. Use this data unless you have a reason to change it

Goto

systom ko 0 -I Solar resource
ot rosour.cc Lat, Lng: 6.45, 100.46 1.6 mi d ata
data site
Resource Data Map

The blue rectangle on the map indicates the NREL National Solar Radiation Database (NSRDB) grid cell for your
location. If you want to use data for a different NSRDB grid cell, double-click the map to move the rectangle
Dragging the rectangle will not move it

If your location is outside the NSRDB area, the map shows pins for the nearest alternate data sites instead of a
rectangle: Click a pin to choose the site you want to use.

See Help for detas 02 System info
Map S;tellite 1 The Hidden SYSTEM INFO 2

INASIS GRANTT °UUM Kayak club Lake Of UUM
ASIS GRA E 3 3 .
RS nTQ Modify the inputs below to run the simulation.
UUM @ Dewan
Muadzam Shah Hall
Tealive Universiti : ‘e Coffee ( DC System Size (kW): 158.8
I\ ara Malays 19 9? JM Sintok sy ( W)
UUM International
School Perpustakaan Sultanah
varsity Manl Q) Ratvyati LM Module Type: Standard
‘UUM pdlc?‘o
Conge i) Array Type: Fixed (roof mount)
o o
Inasis TNBQ -
School of Multimedia 0/ Yo
Technology & System Losses (%): 14.08
0KG 6 UM 9
Tilt (deg): 20
Azimuth (deg): 180
®
Calculator
Customize Your System To Your Roof
On the map below, click the comers of the desired system. Note that the roof tiit and azimuth cannot be automatically dt Advanced Parameters

imagery, and consequently the estimated system capacity may not reflect what is actually possible

System Capacity: 158.8 kWdc (1058 m2)

03 Draw location
roof top

Fig. 4. Summary of steps to obtain the system capacity

2.1.2 Transportation process

The transportation process comprised transporting the PV panels from the manufacturer to the
site location, i.e., UUM. The input data to the system are indicated in Table 2. The PV panels were
transported from First Solar (M) Sdn. Bhd. to UUM, Sintok using a lorry. A detailed assumption is
indicated in Table 2.
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Table 2
Input data to the transportation process
Parameter Amount Details
Distance 160 km First Solar (M) Sdn. Bhd., Kulim — Most established company with the largest solar
installations in Malaysia since 2008 [21]
Lorry 32 tonnes Most optimised capacity [22]
PV panel 18.78 kg/ 40
weight panel k=
a0
Y20 | ¢ ®© 000 @ g @ g ®
>
[a W

0

Taken the average weight of PV panels [23]
Axitec:17.69 - 18.59 kg

Canadian Solar: 18.14 — 23.13 kg
Hanwha Q CELLS: 18.59 kg
Hanwha SolarOne: 18.14- 19.05 kg
Hyundai: 17.24 — 18.59 kg

Kyocera :19.05 - 19.96 kg

LG: 17.24 kg

SolarWorld: 18.14 —21.32 kg
SunPower: 14.97 -— 18.59 kg
Trina: 18.59 — 22.68 kg

2.1.3 Conventional electricity generation

Conventional-based electricity generation considers coal as a resource. In 2019, the highest
electricity generation consumed coal at 42.8% [24]. A detailed parameter input was taken from a
previous study [25]. Figure 5 indicates the system boundary for coal-based electricity generation.

i
hard coal supply, i

T Boperation, lorry 32t ... @ |

= electricity, hard coa...

Coal Production Transportation Power Generation

Fig.5. System boundary for coal-based electricity generation

2.2 Inventory Analysis and Impact Assessment

The life cycle impact assessment (LCIA) is a stage for estimating the possible environmental
impacts by translating the life cycle impact results into specific impact indicators. The categories
included: acidification potential, climate change, depletion of abiotic resources, depletion of abiotic
resources — fossil fuel, eutrophication — generic, freshwater aquatic ecotoxicity, human toxicity,
marine aquatic ecotoxicity, photochemical oxidation, and terrestrial ecotoxicity. Acidification
potential considers acids emitted to the atmosphere and then deposited in surface waters and soils.
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These impact contributions are mainly from emissions of SO,, NOyx, HCI, NH3, and HF, and are stated
as SO2 equivalents. Climate change is expressed as a carbon dioxide equivalent (CO2¢q) and contains
greenhouse gases (GHG) such as carbon dioxide, methane, and nitrous oxide. Eutrophication is
referred to aquatic pollution mainly due to phosphorus derivatives.

The greenhouse gas equivalent emissions avoided for selected parameters were calculated using
the Greenhouse Gas Equivalencies Calculator [26]. The energy data for particular kWh avoided were
employed for the Greenhouse Gas Equivalencies Calculator.

3. Results and Discussion

The UUM campus is located in the northern region of Malaysia (6.461991, 100.506042) with
1,061 hectares [27] and enriched with plenty of solar radiance with an average irradiance of 633
W/m? [28]. PV output is calculated from irradiance of PV module [29]. Table 3 shows the result of the
PV system size and the carbon dioxide emission by installation accordingly. Lecture Halls DKG 1-6
provided the most potential in installing solar PV panels due to flat rooftop conditions and direct
solar radiation with minimal shadows. While other building such as SEFB and SBM are consist of gable
roof shape. The factors that affected the output were the differing solar radiation intensity with
latitude, season, atmospheric conditions (such as rain and humidity), air quality, and smog [30]. The
average carbon dioxide equivalent emission was between 44.74 and 178.99 g COztq / kWh. In
contrast, a study in Italy obtained 120 kgCOazeq / kWh [31]. A review from a previous study [32]
estimated the range of 78—-188 gCO2eq/kWh for LCA of the solar PV system. The different results of
GHG emission were due to the installation location, weather, module type [33], solar irradiations,
and lifetime of PV technologies [34]. These parameters aimed to estimate the effectiveness of PV
towards global warming by using CO; equivalent (CO2eq) units.

Table 3
Result of PV system and CO2gq emissions at Universiti Utara Malaysia
Building Name Rooftop Area (m?) Number of Panels System Size (kWh) CO2eq Emissions

SQS & STML 4,523 1071 1,411,492 126,329.00
SMMTC 5,053 831 1,094,444 49,010.00
SEFB 7,358 228 299,383.4 13,446.80
SBM 13,386 209 275,522.4 12,326.20
DKG 1-6 24,596 2952 3,890,642 696,403.00

Table 4 and Figure 6 indicate the detailed impact categories for each selected building in UUM.
Acidification reflect to the potential of acid release to form sulphur dioxide (SO;). Climate change
impact related to change in rainfall, floods, change in temperature, rising sea level and others. These
climate changes are due to carbon emissions. In Table 4, the main impact that was significant to
assess when dealing with the PV system was implied [35]. The output capacity and rooftop area size
affected the amount of impact. Most of the impact categories were contributed from DKG 1-6. Most
of the impact was still low compared to conventional energy resources such as coal and natural gas.
Transportation was highly significant in the climate change impact compared to other processes in
the system boundary (refer to Figure 7). Figure 7 signifies the impact categories for each process,
purposely for the STML and SQS buildings.
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Table 4

Detailed main impact categories for PV system

Impact category SQS & STML SMMTC  SEFB SBM DKG 1-6
Acidification potential - average Europe  1.25E+10 3.78E+09 2.84E+08 2.39E+08 1.91E+11
kg SO2 eq.

Climate change - GWP100 1.26E+05 4.90E+04 1.34E+04 1.23E+04 6.96E+05
kg CO2 eq.

Eutrophication — generic 3.30E+09 9.94E+08 7.48E+07 6.29E+07 5.02E+10
kg PO4 eq.

0,
100%
80%
0,
60%
0,
40%
0,
20%
0,
0%
Acidification Climate Depletion of  Depletion of ~Eutrophication ~ Freshwater Human Marine Ozone layer  Phot | Terrestrial
potential - change - abiotic abiotic ~generic aquatic— toxicity - HTP aquatic depletion= oxi ecotoxicity -
_2 0% average GWP100 resources - resources - ecotoxicity - inf ecotoxicity - ODP steady hi TETP inf
Europe elements, fossil fuels FAETP inf MAETP inf state
ultimate
o i
-40%
-60%
0,
-80%
0,
-100%

mSQS &STML mSMMTC m SEFB SBM m DKG1-6

Fig.6. Impact categories for each selected building in UUM

TRANSPORATION [
pv PANEL |
INsTALLATION |

-20% 0% 20% 40% 60% 80% 100%

B Acidification potential - average Europe kg SO2 eq.

M Climate change - GWP100 kg CO2 eq.

m Depletion of abiotic resources - elements, ultimate reserves kg antimony eq.
Depletion of abiotic resources - fossil fuels MJ

M Eutrophication - generic kg PO4--- eq.

H Freshwater aquatic ecotoxicity - FAETP inf kg 1,4-dichlorobenzene eq.

B Human toxicity - HTP inf kg 1,4-dichlorobenzene eq.

W Marine aquatic ecotoxicity - MAETP inf kg 1,4-dichlorobenzene eq.

B Ozone layer depletion - ODP steady state kg CFC-11 eq.

Fig.7. Impact categories for each process in STML and SQS buildings

Table 5 lists the impact categories for coal-based electricity generation. The result showed that
the GHG emission for coal was about 882.64 g CO2:a/kWh. Meanwhile, a previous study obtained
1,138.8 gCO2eaq/kWh for coal-based electricity generation and 35 g CO2eq/kWh [36]. Figure 8
illustrates the impact categories for solar PV and coal-based electricity generation. Most of the

230



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 29, Issue 2 (2023) 223-235

impact parameters were contributed from coal-based electricity generation. In this case, climate
change was significantly affected by coal compared to the PV system, with almost a 91.2% reduction.

Table 5
Impact categories for coal-based electricity generation

Acidification potential - average Europe kg SO2 eq. 0.003605
Climate change - GWP100 kg CO2 eq. 0.882637
Depletion of abiotic resources - elements, ultimate reserves kg antimony eq. 3.41E-07
Depletion of abiotic resources - fossil fuels MlJ 19.83561
Eutrophication - generic kg PO4 eq. 0.000627
Freshwater aquatic ecotoxicity - FAETP inf kg 1,4-dichlorobenzene eq. 0.02102
Human toxicity - HTP inf kg 1,4-dichlorobenzene eq. 0.188849
Marine aquatic ecotoxicity - MAETP inf kg 1,4-dichlorobenzene eq. 550.9191
Ozone layer depletion - ODP steady state kg CFC-11 eq. 1.02E-07
Photochemical oxidation - high Nox kg ethylene eq. 0.000182
Terrestrial ecotoxicity - TETP inf kg 1,4-dichlorobenzene eq. 0.003506
100% I - n n
80%
60%
40%
20% || = =
0% | l l
20% wemgetorone o e s Ei?[{;ili; e m‘z:; f,ﬁ “i?‘efui’"s“?“‘ . “&”" 2‘# o
-40%
-60%
-80%
-100%
B STML & SQS SMMTC SEFB ESBM DKG1-6 mCOAL

Fig.8. Impact categories for both PV system and coal-based electricity generation

Figure 9 indicates the GHG emissions for selected buildings in UUM and the overall emissions
with the current pattern of electricity consumption supplied from the grid system. The trend
decreased due to Malaysia’s Movement Control Order implemented that year and the university
policy that executed online learning for students and working from home for staff until 2021. These
were the main reasons for the output data. The average CO2gq emission for those three years was
28.97 million tonnes CO2gq. However, the data showed a sharp increase before the COVID-19
pandemic, up to 40.3 million tonnes CO2gq from 2014 to 2017.
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Fig.9. Pattern of carbon dioxide emissions from 2019 to 2021 in selected
buildings in UUM

The installation of solar PV systems would increase the carbon dioxide avoided. Figure 10 shows
the carbon dioxide equivalent emission for three parameters, namely coal-based, solar PV, and
avoided emissions. The size and capacity of solar PV installation were directly proportional to CO;
emissions avoided. Figure 11 indicates the greenhouse gas equivalent emissions avoided by selected
parameters, such as tonnes of waste recycled instead of dumping at landfills, incandescent
lamps switched to LEDs, wind turbines running for a year, and tree seedlings grown for ten years. The
installation of solar PV systems in selected buildings in UUM corresponded to tree seedlings that have
grown about 47,583 trees.

-2000000 -1000000 0 1000000 2000000 3000000
CO2 Emission (kg)

B CO2 Emission - Coal B CO2 Emission - Solar B CO2 Emission - Avoided

Fig.10. Carbon dioxide equivalent emissions
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Fig.11. Infographic for greenhouse gas equivalent emissions avoided by selected parameters
4. Conclusion

The installation of a solar PV system in university buildings generated a positive impact towards
environmental and economic aspects. UUM has great potential in consuming solar due to location,
radiation, available technology, etc. The global warming impact on solar system installation was in
the range of 44.74 to 178.99 g CO2eq/ kWh. The transportation process provided the most significant
contribution towards this impact. Solar PV installation decreased by about 91.2 % compared to coal-
based electricity generation. The carbon dioxide emission avoided became the interesting factor to
encourage the university in making the decision process.

Moreover, installing a building-integrated solar PV system could be the solution or a means to
fulfil the government’s target to achieve 50% of energy generation based on renewable energy. The
key parameter of carbon dioxide emission avoided can be the power factor to encourage
stakeholders and society to move towards sustainable energy source.
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