Environmentally Friendly Energy-Based Park for
Carbon-Neutral at Universitas Pertamina

Nova Ulhasanah?, Fatimah D Qonitan?, Wafi Alfathan Gayo®, Natasya Sabrina Putri?,
Kevin Samuel Enricho Rolos®, Gusti Bimo Chaniago®

{nova.u@universitaspertamina.ac.id?, fatimah.dinan@universitaspertamina.ac.id?,
wafigayo@gmail.com?, natasyasabrina2107@gmail.com?, roloskevin7@gmail.com®,
mrbimoch12@gmail.com®}

Pertamina University, Jakarta, Indonesial 23456

Abstract. In line with Universitas Pertamina’s vision of a green livable campus, parks are
an important point in its implementation. The purpose of this study was to design a carbon-
neutral park with combination of chosen alternative energy source installation and
vegetation that has been proven to absorb CO2. Method of this research is quantitative-
descriptive comparing three energy sources include solar energy, methane energy, and
waste heat energy. Through the analytical hierarchy process (AHP) method, the chosen
energy source is solar energy which are superior in terms of land requirements, investment
costs, reduction in electricity consumption and CO2 emission, and ease of construction.
Installing solar panels in the park can reduce CO2 as much as 67334.5 MT CO2/year with
additional CO2 reduction from vegetation, namely golden photos, snake plant, Syzygium
myrtifolium, and garden croton (228 ppm/day, 318,207 kgCO2/year, 42,624 KgCO2/year,
125m/day).

Keywords: Green Livable Campus, Alternative Energy, Carbon-Neutral, Solar Energy,
Park.

1 Introduction

Extreme weather conditions such as drought, heat waves, heavy rain, floods and landslides
becoming more frequent, in the entire world which is claimed to be caused by climate change.
In addition, rising sea levels, ocean acidification and loss of biodiversity are also other
consequences of the rapidly changing climate. In December 2019, the European Commission
presented the European Green Deal, its flagship plan that aims to make Europe climate neutral
by 2050. This target will be reached through the European Climate Law that sets climate
neutrality into binding EU legislation [1]. In Indonesia itself, Indonesia’s Minister of Energy
and Mineral Resources (ESDM) Arifin Tasrif has revealed several long-term strategies for
achieving the carbon neutral or net-zero emissions target in the energy sector by 2060 [2].
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Becoming carbon neutral typically starts by being more efficient, so there are less emissions
being produced. Once emissions are reduced, carbon neutral status is usually achieved through
one, or a combination of reducing carbon emissions to zero, through changing energy sources
and balancing carbon dioxide emissions through carbon offsets [3]. Strategy to implement those
combinations can be realized by creating a carbon-neutral park. Through vegetations and
installment of renewable energy, parks can be used as a solution for those who have not been
able to reduce carbon emissions to minimize the worsening of climate change [3].

Park is an area that has space for various conditions, including location, size or area, climate,
and other special conditions such as the specific purpose and function of the park development
[4]. In general, parks are used as symbols and have many uses including for exercising, playing,
relaxing, and other activities [5]. However, nowadays in some areas, many parks have not run
according to their function, one of which is at Universitas Pertamina, so it is necessary to
rejuvenate the park so that the park can be used according to its function. Universitas Pertamina
is one of the campuses located in South Jakarta which has open space that has not been utilized
properly. Therefore, in order to support long-term strategies for achieving the carbon neutral,
also in line with the University’s goal of implementing education for sustainable development,
carbon-neutral park was design in this research. This research aims to designa carbon-neutral
park as an effort to reduce the carbon footprint at Universitas Pertamina as well as calculate the
potential for reducing carbon footprint from the carbon-neutral park design.

2 Methods

The form of research in this paper is quantitative-descriptive where the secondary data were
used to design a carbon-neutral park by comparing three (3) alternative designs of renewable
energy sources to be installed in the park. Analytical Hierarchy Process (AHP) method was
employed to choose the best design of the three alternative designs of renewable energy. The
chosen alternative was then combined with several vegetation that has been proven to be able
to absorb CO2 well according to previous research.

The placement of the selected renewable energy along with its vegetation was arranged in a
design drawing using sketch up on a land dimension of 27 m x 9 m. This land was chosen
because it is located in front of the main building, namely the rectorate building which is the
entrance gate to Universitas Pertamina. The placement of supporting facilities such as garden
chairs, lights, walkways, and so on was determined based on aesthetic and comfort aspects. The
alternative renewable energy determined in this research were solar energy by solar panel,
biomass heat by gasifier, and biomass gas by biodigester.

2.1 Solar Energy by Solar Panel

Characteristic of the selected solar panels are monocrystalline solar panels due to their higher
efficiency compared to polycrystalline solar panels, which is around 15%-20%. Specification
of the monocrystalline solar panels used in this research are peak power 320 W, module
efficiency 19.18%, nominal operating cell temperature 420C, alpha P-0.387%/0C
[6][21][22][23][24]. To calculate the amount of electricity produced by monocrystalline solar
panels, data on solar thermal potential (kwh) and duration of solar radiation in Jakarta are
needed. Jakarta has 6.5862 hours duration of solar radiation averagely in 2020 (54.885%



duration of solar radiation on percentage scale), while the potential for solar heat on the island
of Java is 2.0 kWh — 6.4 kWh [6][21][22][23][24].

Through calculations and conversions between the average duration of solar radiation (6.59
hour/day), the solarthermal potential (taken the average number: 4.2 kWh) can be seen in the
electrical energy produced by solar panels in one year, which is 10,097 MWh. If nine (9)
monocrystalline solar panels are installed (according to the dimension of land that will be used
as a park), the energy that can begenerated is 90,873 MWh. For this alternative budget plan, it
is estimated at 68 million IDR including the panels, poles, set of cable, batteries, solar charger
controller, inverter, installation fee and tax.

2.2 Biomass Heat by Gasifier

According to data from Rahman and Ridhosari (2019), organic waste generation produced by
the Universitas Pertamina is 10 MTCO2 (food waste 8.9 Mt/year, leaves 1.1 Mt/year). In this
alternative, the organic waste is utilized to produce biogas by Biomass Power Plant (gasifier
technology). Every 1 kg of waste briquettes or biomass briquettes used as gasifier fuel will
produce biomass gas with a volume of 2.185 m3 or the equivalent of 0.75 kWh of electricity
[8][25].

By assuming the density of organic waste is 250kg/m3 [8], it is found that approximately 19 kg
of waste briquettes are produced which will produce 14.25 kWh of power when burned with a
gasifier. This alternative budget plan costs 66 million IDR including reactor, installment fee and
tax.

2.3 Biomass Gas by Biodigester

The next alternative is a biodigester, a method that can process organic waste into biogas. In
this method, the existing waste is put into a biodigester to be processed into biogas by biological
conversion [26][27][28][29]. The calculation of organic waste into biogas is carried out where
1 MT of organic waste is equivalent to 403 kWh [9]. By a total of 10 MT of organic waste,
produce energy about 4030 kWh. This alternative budget plan costs 32.5 million IDR including
land clearing, stirrer, biogas storage bag, organic waste shredder, reactor, installment fee and
tax.

2.4 Analytical Hierarchy Process (AHP)

Determination of alternatives in solving the problem of a systematic case can use the AHP
method or analytical hierarchy process. AHP is a method for solving complex situations into
several components in a hierarchical arrangement. AHP is done by giving a subjective value
about the relative importance of a variable. This method sets the variables that become the
highest priority to get the results and goals to be achieved. The main thing in AHP is to have a
functional hierarchy in which the main input comes from human perception. Priority can be
determined based on the importance of the criteria that we have set [10]. In this research, the
steps to employ the method are:

a. Criteria weight assessment

The weight assessment is based on criteria determined based on the level of
importance. Level of importance 1 means as important as the others, 3 means moderate



importance over the others, 5 means strong importance over the others, 7 means very
strong importance over the others, 9 means absolute importance over the others and
2,4,6,8 means the value between two adjacent values [20]. In this problem, there are 3
alternatives that are used with the criteria of interest being assessed, namely the area,
investment costs, electricity & CO2 and also the ease of construction. These criteria
will be given points based on urgency or level of importance. Based on the level of
importance, the CO2 reduction criterion is a criterion with high importance with a
weight of three (3) because it is based on the objective of the problem, which is to
reduce CO2 as one of the efforts to reduce the carbon footprint at Universitas
Pertamina. For area, investment costs, and ease of construction have the same level of
importance which is one (1). The levels of importance are then inputted to paired
comparison scale table and getting values of RI (Ratio Index) of 0.9, Cl (Consistency
Index) of 0.0052, and CR (Consistency Ratio) of 0.057. When the CR value < 0.1, the
weight assessment is consistent and acceptable [20].

Area criteria assessment

After determining the weight of the existing criteria, the next step is an assessment of
the area. The area is compared between 3 predetermined alternatives. The level of
importance between area of alternative 1, 2, and 3 has been decided by making an area
criteria value interval. There are 8 importance intervals with 6.230 difference.
Alternative 1 need 0.16 m2, alternative 2 need 20 m2, and alternative 3 need 50 m2.
Therefore, alternative 1 has seven (7) weight of importance compared to alternative 3,
and 3 weight of importance compared to alternative 2. The levels of importance are
then inputted to paired comparison scale table and resulting Rl 0.58, CI 0.019, and CR
0.033. When the CR value < 0.1, the weight assessment is consistent and acceptable.

Investment cost criteria assessment

The calculation of this criterion assessment uses interval limits to assess the existing
weights. There are 8 importance intervals with 4.488.481,25 IDR difference. To
perform the calculation, the higher cost has a lower importance, while lower costs have
a higher level of importance. The intervals determined that alternative 1 has 7 weight
of importance compared to alternative 3, and 2 weight of importance compared to
alternative 2. The calculation obtained CI 0.033, RI 0.58, and CR 0.057. The
calculation is consistent and subjective value for the criteria was accepted.

Electricity production and CO2 reduction criteria assessment

The calculation of this criterion assessment uses 8 interval limits to assess the existing
weights with 6308,622 different. The intervals were then determined the level of
importance of each alternative. The largest electricity & CO2 reduction get a higher
importance value. Meanwhile, small electricity & CO2 get a lower level of importance.
Alternative 1 has 6 weight of importance compared to alternative 3, and 7 weight of
importance compared to alternative 2. The calculation is consistent and value for the
criteria was accepted because the values of CI 0.002, RI 0.58, and CR 0.004.

Ease of construction criteria assessment



Ease of construction compared to the three alternatives. Calculation of the assessment
of this criterion uses 8 interval limits to assess the existing weights, and 0.625
difference between intervals. Calculation of the ease of construction criteria is carried
out in a range of 1 — 10 with 1 being the hardest and 10 being the easiest. The
calculation got score Cl 0.055, R1 0.58, and CR 0.094 which means the calculation is
consistent and subjective value for the criteria is accepted.

2.5 The Selected Alternative

After calculating the AHP starting from the assessment of the weight of the criteria to the
assessment of the criteria for the three alternatives, it can be concluded that the results of the
chosen alternative. It is found that the highest weight is on alternative 1 of 0.777 which differs
quite a lot from alternative 2 of 0.339. While the lowest is alternative 3 of 0.111. Based on these
data, it can be determined that alternative 1 or solar panels is the most appropriate alternative to
be applied to this environmentally friendly energy-based park project because it has the highest
weight. The detail calculation can be seen in Table 1.

Table 1. Comparison results for three (3) alternatives.

Criteria Over Criteria

Investment Electricity Ease of N .
Area Cost &CO, Construction 0,304 Weight
Altemnative 1 — — SOLAR
0.767 0642 228 0,76 038x 0777 =
N PANEL
Altemnative 2 . BIO
0,325 0467 (AF: ), 20 0,129 0,339
)32 k 0.181 0.200 2/\5 = 33 CASIFIER
Altemnative 3 0,087 0074 0183 0,181 0179 [INRN BIO

DIGESTER

3 Result

On the land of 27 m x 9 m area, the park contains 9 poles of solar panels, 3 charging stations for
electronic devices, 3 sets of garden chair and table, 2 pergola and the chairs under, and park
nameplate and nameplate on each type of plant. The detail top view, side view and front view
of the park can be seen in Figure 1, Figure 2, and Figure 3 respectively.



Fig. 1. Side view of carbon-neutral park of Universitas Pertamina.

Fig. 2. Front view of carbon-neutral park of Universitas Pertamina.



Fig. 3. Top view of carbon-neutral park of Universitas Pertamina.

The vegetation of the park was determined by the ability of these plants to absorb carbon
emissions, aesthetic factor, and price. Based on several literatures [11] [12] [13] [14] [15] [16]
[17] [18] [19], there are 8 type of plants that are proven to have good ability to absorb CO2,
including: golden photos (sirih gading), snake plant (lidah mertua), syzygium myrtifolium
(pucuk merah), garden croton (puring), sanseivera (sirih belanda), caesalpinia pulcerrima
(kembang krucutan/bunga merak), Bauhinia variegata (daun kupu-kupu), phaseolus vulgaris
(kacang merah). The plant of golden photos has ability to capture CO2 about 228ppm/day (7
thousand IDR) while sanseivera 113 ppm/day (15 thousand IDR), snake plant 318.207
kgCO2/year (price 8 thousand IDR), bauhinie variegata 0.364 kgCO2/year (35 thousand IDR),
syzygium myrtifolium 6619 kgCO2/year (10 thousand IDR), caesalpinia pulcerrima 42624
kgCO2/year (price 15 thousand IDR), garden croton 125 ppm/day (price 30 thousand IDR), and
phaseolus vulgaris 120 ppm/day (price 50 thousand IDR). Based on those comparison, 4 plants
were selected to be planted in the Universitas Pertamina’s carbon neutral garden which are
golden photos, snake plant, syzygium myrtifolium, and garden croton.

3.1 The Selected Plants

Garden croton (puring) is a plant that has the best leaves in absorbing elements of lead
(Pb/tin/lead) and carbon dioxide scattered in the open air, which is 2.05 mg/liter Apart from
being a pollutant absorbing plant, croton is also used as an ornamental plant because of its
beautiful variety of patterns and colors, medicinal plants (fever reducing and laxative) and a
symbol of peace and public welfare. This plant can grow very well around wells/water sources,
so the roots will improve water quality by absorbing the excess phosphorus contained in the
water [11] [12] [13] [14] [15] [16] [17] [18] [19].

Syzygium myrtifolium (pucuk merah) are ornamental plants that are popular in Indonesia so
that their presence can be easily found in pots planted on roadsides, both in urban areas and in
villages. The unique thing about syzygium myrtifolium is that the tips of the young leaves are
reddish orange. This plant is still included in the same family as the clove plant. If you pay
attention, the shape of the crown and leaves is very similar to a clove plant [11] [12] [13]



[14][16] [17] [18] [19]. Syzygium myrtifolium are a concern because their presence can absorb
CO2 pollutants of 42,624 Kg CO2/year.

In addition to its unique shape, snake plant (lidah mertua) is able to provide clean air for the
room it occupies because this plant can absorb more than 107 pollutant elements in the air, one
of which is carbon dioxide. Snack plant contains the active ingredient pregnane glycoside which
functions to reduce pollutants into organic acids, sugars, and amino acids so that the pollutant
elements become harmless to humans. It is proved that one strand of snake plant can absorb
about 0.938 mg/hour of formaldehyde [11] [12] [13] [14] [15] [16] [17] [18] [19].

The choice of golden photos (sirih gading) as vegetation in the park is that this plant is able to
absorb CO2 in the air at 228 ppm/day. In addition, this plant is able to absorb toxins and provide
a supply of oxygen to the surroundings. This plant can also help with respiratory problems and
calm psychological conditions so that we can feel calm near this plant [11] [12] [13] [14] [15]
[15] [17] [18] [19]. Picture of the selected plants is shown in Figure 4.

@) (b) (© (d)
Fig. 4. The Selected plants; (a) Garden croton (puring), (b) Syzygium Myrtifolium (pucuk
merah), (c) Snake Plant (lidah mertua), (d) Golden Photos (sirih gading).
Source: [11] [12] [13] [14] [15] [16] [17] [18] [19].

3.2 Budget Plan

In this research, capital expenditure (CAPEX) and operating expenses (OPEX) of the carbon
neutral park design were calculated. CAPEX spends about 309 billion IDR include site cleaning
fee, cost of purchasing solar panels, batteries and installment, total garden work and supporting
accessories, and tax. For OPEX, the carbon-neutral park needs about 180 billion IDR/year
include operating expenses, maintenance expenses, and tax.

4 Conclusion

From the park design project based on environmentally friendly energy, it can be concluded
several things. At the beginning of the design, there were 3 (three) alternatives to support this
project, the alternatives include solar panel, bio-gasifier, and bio-digester. After selecting
alternatives using the AHP (Analytical Hierarchy Process) method by calculating the potential
for CO2 reduction from the electricity generated, investment costs, area and ease of
construction, alternative solar panel was selected which then began with designing. AHP



method is also show that application of solar panel (alternative 1) would get much higher success
rate than bio-gasifier and biodigester. The solar panels are designed on an area of 27 x 9 meters
by utilizing all parts of the land that can be used. After the final design has been determined, it
is followed by making a comparison table of vegetation that can reduce CO2 and the budget
plan needed for an environmentally friendly energy-based park project (309,618,100.00 IDR).
Based on the results of the comparison of vegetation, the plants selected were garden croton
(puring), syzygium myrtifolium (pucuk merah), snake plant (lidah mertua), and golden photos
(sirih gading).
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