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ABSTRACT

One-third of the world’s energy are consumed by buildings. In Indonesia, the main source of this energy is fossil fuel
that act as the main contributor to global warming and climate change. Improving energy efficiency on a building is
important to approach greener environment. EDGE is a tool that respond to the need for a measurable and credible
solution to approach green design, including the energy-efficient building design. Here, the calculation of energy
efficiency covers the comparative measurement of base case and improved case, including the comparison of
geometry and building orientation, mapping of energy use, and prediction of energy harvesting from renewable energy
resources. Studying this concept further is important to predict cost of going green, to ensure utility savings, as well as
to reduce negative impacts to the environment. This study presents Universitas Ciputra building as the proposed case.
This building is chosen since it already had some green features. Additionally, the building also has the potential for
on-site renewable energy integration, particularly for solar energy with BIPV concept. Experimental method with
simulation as its tool is used to find the energy-efficiency performance of the proposed case. Base case is provided by
EDGE. The UC’s existing building is set as the 1% treatment (improved case 1) and UC building with additional PV is
set as the 2" treatment (improved case 2). The result from EDGE simulation shows that the improved case 1 has
28.66% better energy-efficiency performance. While the improved case 2 (with only 7% annual electricity substituted
by renewable energy from PV) has 33.23% better energy performance.
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1. INTRODUCTION photovoltaic system. Based on this experience, a
proposal for greater energy-efficiency is planned for an

Buildings conventionally consume huge amount of  existing building, Universitas Ciputra Surabaya.
electrical energy. They are responsible for 40% of the  Following the success of the pilot project, the energy
total energy consumption in all sectors [1]. The energy efficiency is proposed to be achieved through the

sources mainly come from fossil fuel, which act as the installation of PV as on-site renewable energy tool.
main contributor to global warming, climate change,

and other environmental damage. Regarding to these
issues, concept of energy efficiency building is widely
discussed. Tools and application are widely improved.
Buildings are expected to be designed towards net zero-
energy building and renewable energy sources need to
be implemented to buildings. Ciputra as one of the
largest developers in Indonesia is responding to this
issue as well. Some schools under the Foundation of
Ciputra Education have already installed photovoltaic
(PV), to substitute some percentages of fossil fuel into
renewable energy. The data recorded from this small-
scaled pilot project indicates a good performance of the

The most visible on-site renewable energy in
Indonesia is solar energy. The availability of this
resource reach 207.8 GWp (Energy Indonesia 2019
Sekretariat Jenderal Dewan Energi  Nasional).
Photovoltaic, as already proved at Ciputra schools, is a
potential on-site microgeneration technology. Its ability
to produces energy without any pollution is beneficial to
achieve greater energy-efficiency and reduce carbon
emissions. Three types of PV that are commonly found
in the market are Mono-crystalline, poly-crystalline, and
amorphous. As wall cladding, monocrystalline is mostly
used, since it has the highest efficiency. While as glass
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cladding, poly-crystalline and amorphous is more
preferable. Aside from its types, the efficiency of PV is
depending on some other factors. The factors can be
divided into two main groups, the PV internal factors
and the external factors.

Internal factors cover the number of cells [2], PV’s
efficiency [3], an PV’s temperature [4]. The range of the
PV cell’s number typically around 36-216 cells, with
100Wpeak — 300Wpeak. The number of cells drives the
voltage of electrical energy generated. However, smaller
modules are preferable since it is handier for installation
process. PV’s efficiency represents the ratio of electrical
energy generated to the solar radiation received. Latest
technology of PV reached an efficiency number to 21%.
Related to PV’s temperature, the efficiency of PV will
be optimal if it works at 25°C. To maintain the
temperature, an air gap between PV and building facade
could act as an effective treatment [5]. The pilot project
at Ciputra Schools Jakarta uses monocrystalline PV
which has mechanical specification as PV with 144
cells, 2015mm x 1000mm x 35mm size, and 20.3%
efficiency.

External factors relate to the solar radiation received
by PV, tilt and orientation angle, and shading condition.
Higher solar radiation received means higher electrical
energy generated. The standard test procedure shows
that optimal performance of PV happened when it
received 1000 W/m2 of irradiance while maintaining its
temperature on 25°C. As an on-site renewable energy
source, PV installation is often integrated on building’s
facade. Such installation system is called BIPV
(Building Integrated Photovoltaic). In this system, PV
usually installed at fixed angle. Tilt angle usually
follows the geographical latitude or set in 20°-30° for
areas at low latitude works. While optimum orientation
for PV is -15° - 15° from a horizontal plane, facing
equator [4, 6-8]. Another experiment on PV’s
installation shows that setting of tilt in 45° facing West
and East and setting of orientation in 44° facing North
will generate higher amount of electrical energy and
higher uniformity ratio [9]. The presence of shading to
PV installation will influence its efficiency. In every
shading condition, the average amount of power
reduction is around 25%-30%.

The on-site renewable energy will contribute to
better energy-efficiency performance. However, the
building’s energy performance is also influenced by
other factors. To analyze building’s performance, some
previous study uses consumption energy index as the
standard. Another study uses government’s mix energy
target. This study thus uses EDGE as tool to analyze the
building’s performance. EDGE is a green building
software application and a certification program as well.
It is applied in more than 150 countries. As a building
software, EDGE analyze on 3 main criteria. They are
energy, water, and material. In its energy criteria EDGE
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provides 34 parameters to be selected as the input data
(Figure 1). Based on the user’s input and the selection of
green measures, the overall pictures of building
performance can be projected. The results can be used
to determine the best-practice options for buildings, to
reach required efficiency levels.

E EEMO1" Window-to-Wall Ratio: 17.6%
m EEMOZ Reflective Roof: Solar Reflectance Index 85
m EEMO3 Reflective Exterior Walls: Solar Reflectance Index 85
E EEMO4 External Shading Devices: Annual Average Shading Factor [AASF) 0.6
E EEMO5" Insulation of Raof: U-value 0.23 Wim"-K
E EEMO7 Green Roof
E EEMOS"  Insulation of Exterior Walls: U-Value 0.44 WK
E EEMO9* Efficiency of Glass: U-Value 1.95 W/m™K, SHGC 0.3 and VT 0.45
E EEM10 Air Infiltration of Envelope: 50% Reduction
m EEM11 Natural Ventilation
EEM12 Ceiling Fans
E EEM13* Cooling System Efficiency: COP 5.12

m EEM14 Variable Speed

E EEM16° Space Heating System Efficiency: 86.25%

E EEM17 Room Heating Controls with Thermostatic Valves
EEM18 Domestic Hot Water [DHW) System
EEM19 Domestic Hot Water Preheating System

E EEM20 Economizers

m EEM21 Demand Control Ventilation Using CO, Sensors

EEM22 Efficie

lghting for Internal Areas

EEM23 Efficie

ighting for External Areas
EEM24 Lighting Controls
EEM25 Skylights

m EEM26 Demand Control Ventilation for Parking Using CO Sensors

EEM30 Submeters for Heating and/ar Coaling Systems

EEM31 Smart Meters for Energy

EEM32 Power Factor Corrections
EEM33 Onsite Renewable Energy: 25% of Annual Energy Use

EEM34 Other Energy Saving Measures

Figure 1 EDGE’s energy efficiency measures.
2. RESEARCH METHODOLOGY

2.1. Site Selection

Following the best practice of the pilot project at
Ciputra School Jakarta, Universitas Ciputra Surabaya is
planned to apply the PV as well and chosen as the
proposed case in this research. The potential of PV
installation in this building is supported by abundant
solar radiation which is indicated by its geographical
location, 07°29 S Latitude and 112°63 E Longitude.
Aside of its location, the building itself has a potential
of PV installation which is indicated by the availability
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of facade area to be integrated with PV. The total

available area, particularly on the roof, reach 509.79m2. UC Main

Another potential towards energy efficient building Building 2
are supported by its green features. The elongated side -

that facing north and south, the shallow layout, and the
building proportion that range between 1:1.8 — 1:2 will
help to reduce building’s thermal transfer value and
building’s cooling load. The roof is made from concrete
slab, plastered, and unpainted. The wall is made from
hebel and finished with light-colored acrylic paint. The
total window area is 5323.96m?, while the total wall
area is 16860.18m2. The rooms inside UC’s building are
designed as an area with single-sided natural ventilation.
The vertical greenery system in the parking area,
secondary skin and vertical shading device are used as
well to reduce the thermal transfer value. The vertical
shading proportion is 1 (the window width/W equal to
the shading depth/D). The inverter AC system, daylight Figure 2 UC site plan.

utilization, and 100% electronic ballast for artificial

lighting system are other applications used to reduce This energy consumption is used to serve facilities
electrical energy consumption. The total electrical ~ in UC 1,2, 3 and UC 4 (UC Tower). The total area of
energy consumption in UC for 2018, 2019, and 2020 is UC is 66.174m2 area. The detail of each area at UC can
range between 1.652.440 kWh — 2.134.140 kWh (as  Deseenin figure 3.

UC Main
Building 1

UC Tower

seen in Table 1) (figure 2).
s R . —— P = ==p1
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Figure 3 UC’S Area.
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2.2. PV Selection and BIPV Model

Previous study [9,10] did an experiment on 16
models of BIPV. On this experiment, PV is simulated to
be integrated on roof, opaque wall (north, east, and west
wall), transparent wall (north, east, and west side), and

Table 2. PV specification
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shading device. Each is simulated in different tilt and
orientation angle, and different PV specification as well.
The types of PV were selected based on high-efficiency
number, handy dimensions, opaqueness and
transparency. PV specification used in the previous
research can be seen in Table 2.

Proposed Integrated Efficiency Peak Power . .
PV Type Number of cells Dimension (mm)
Area (%) (Wp)
Transparent wall Amorphous 15 19.0% 80 1000 x 720 x 35
Opaque wall Mono-crystalline 72 18.6% 235 1580 x 798 x 35
Shading device Amorphous 15 19.0% 80 1000 x 720 x 35
Roof Mono-crystalline 72 18.6% 235 1580 x 798 x 35

It is found that the highest electrical energy
generated when PV applied in -270° orientation angle,
on opaque wall. The lowest amount of electrical energy
is generated when PV installed on roof with 30° tilt
angle. However, following the pilot project, the model
of BIPV on roof will be used in this study (as seen in
Figure 4). With this model, the BIPV system can
generate 138148.67 kWh electrical energy per year, or
6.5% from the total electrical energy needed by UC’s
building.

Figure 4 Modelling and proposed installation area.

Building Data

Figure 5 Basic building data.

2.3. Energy Efficiency Performance byx EDGE

The research observes better performance of energy-
efficiency through the use of BIPV as on-site renewable
energy tool at UC Building. Experimental research with
simulation as its tool is used in this study. The base case
is provided by EDGE. The existing building of UC is set
as the 1%t treatment (improved case 1), and the proposed
BIPV concept for UC’s building is set as the 2™
treatment (improved case 2). Better energy-efficiency
building is aimed as the posttest condition.

To start the simulation in EDGE, ‘education’ is
chosen as the primary building type, and university as
the subtype. Basic building data (gross internal area, no.
of floors, floor-to-floor height, roof area, working days,
no. of holidays, hours of operation, and occupancy
density) is inputted in the software (Figure 5). Aside
from the basic building data, the software also asked the
area and loads breakdown (Figure 6), building
dimensions (Figure 7), and building HVAC system
(Figure 8).

Building Costs

37,972,8000 Cost of Construction {|DR/m?)

Estimated Sale Value [ DR/m"]
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Area and Loads Breakdown

ass
29.992

1,552

244

OfficesAd
200

823

Figure 6 Area and loads breakdown.

Building Dimensions
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Detailed Loads Input

Kitchen & Food Prep Loads Input

133

Figure 7 Building dimensions.

Building HVAC System
simplified Inputs
Yes .

No -

Figure 8 Building HVAC system.

As described before, in energy criteria EDGE has 34
parameters of green measures that can be selected by
user, based on the design of the building. As for this
study, there are 15 parameters selected for the 1%
improved case, and 16 parameters for the 2" improved
case. The first 15 parameters (green measures) are
WWR, reflective roof, reflective exterior walls, external
shading devices, insulation of roof, insulation of
ground/raised floor slab, insulation of exterior walls,
efficiency of glass, air infiltration of envelope, natural
ventilation, ceiling fans, cooling system efficiency, fresh
air pre-conditioning system, efficient lighting for
internal areas, and efficient lighting for external areas

(Figure 9). Additional one parameter for the 2"
improved case is on-site renewable energy (Figure 10).
The other 18 parameters are excluded since the building
doesn’t have it both in the existing condition and the
future planning. Some of those 18 parameters refer to
the application of skylight, CO2 sensors, cold storage,
washing machines, submeters, smart meters, and other
appliances that mostly used for buildings in temperate
or cool climate which need energy for heating.
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EEMO1* Window-to-Wall Ratio: 32% H EEM12 Ceiling Fans
Base Case: Na celling fan

WWR (%) 32
EEM13" Cooling System Efficiency: COP 3.51
I o5 Casc Svstom: Water Coaled scrow Chiller
EEMO2 Reflective Roof: Solar Reflectance Index 25 i Be P: 5.5

Select System  Air Cooled DX Split System ., COP . 351
SRI 25

EEM15 Fresh Alr P
EEMO3 Reflective Exterior Walls: Solar Reflectance Index 65 ; Base Casel No

ditioning System: Efficiency 65%
ning

Select System  Sensible Heat Recovery Wheel ,  Efficiency (%) 45
SRI 65

EEM22 Efficient Lighting for Internal Areas

Base Case Ve !

EEMO4 Exlemalshmlns Devices: Annual Average Shading Factor (AASF) 0.24,
Efficiency Tyae  Lighting Power Density . Lighting Power . 27

AASF 0.24
EEM23 Efficient Lighting for External Areas
Base Case Value: 11 Wrn'

EEMOS5* Insulation of Roof: U-value 1.8 W/m"-K i Efficiency Tyae  Lighting Power Density . Lighting Power .. 11
U-value (WY... 180

Figure 9 The selected green measures for the 1%
improved case.

EEMO&" Insulation wamund.'Rmsen Floar Slab: U-Value 0.16 W/m?*K
U-value (W 0.16

EEM33 Onsite Renewable Energy: 6.5% of Annual Energy Use
EEMOA" Insulation of Exterior Walls: U-alue 1.47 Wi 438 Case: No Onsite Renewable Energy

Annual Elect. 7% Annual Elect 207,910
U-value (W/. 147

EEMU‘? Efflclencvofclass UVaIueZ B2 W/m'-K. SHGC 0.45 and VT 0.45 H . -y
Saw'xe o0 avT07 Figure 10 The Additional Green Measures for the 2"
U-value (WY... 282 SHGC 0.45
Improved Case.

VT (Factor) 0.45

EEMIO Aot vl uctin ; 3. RESULTS AND DISCUSSION

& Value: 0.04 L

Reduction (%)

The comparison of base case, 1% improved case, and

~ [ : 2" improved case as an experimental set up can be seen
in Table 3.
Table 3. Experimental set up
Code Criteria Base Case Improved Case Improved Case 2
1

EEMO1 | WWR 40% 32% 32%
EEMO02 | Reflective Roof 45 25 25
EEMO3 | Reflective Exterior Walls 45 65 65
EEMO04 | External Shading Devices No Shading 0.24 0.24
EEMOS5 | Insulation of Roof 2.33 Wim2.K 1.80 W/m2.K 1.80 W/m2.K
EEMO6 | Insulation of Ground/Raised Floor Slab | 0.49 W/m2.K 0.16 W/m2.K 0.16 W/m2.K
EEMO08 | Insulation of Exterior Walls 1.86 W/m2.K 1.47 W/m2.K 1.47 W/m2.K
EEMO09 | Efficiency of Glass (U-value, SHGC, | 5.8 W/m2.K 2.82 W/m2.K 2.82 W/m2.K

VT) 0.8 0.45 0.45

0.7 0.45 0.45
EEM10 | Air Infiltration of Envelope 0.04 L/s-m? 4 L/s-m? 4 L/s-m?
EEM11 | Natural Ventilation 0% 32% 32%
EEM12 | Ceiling Fans No ceiling fans No ceiling fans No ceiling fans
EEM13 | Cooling System Efficiency Water cooled screw | Air Cooled DX | Air Cooled DX Split
chiller, COP 5.5 Split System, | System, COP 3.51
COP 3.51
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Table 3. Cont.
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Code Criteria Base Case Improved Case Improved Case 2
1
EEM15 | Fresh Air Pre-conditioning System No fresh air pre- | Indirect Indirect evaporative
conditioning evaporative cooling
cooling
EEM22 | Efficient Lighting for Internal Areas 4.51 W/m? 2.7 W/m2 2.7 W/m2
EEM23 | Efficient Lighting for External Areas 1.1 W/m?2 1.1 W/m?2 1.1 W/m?2
EEM33 | Onsite Renewable Energy No Onsite | No Onsite | 7%
Renewable Energy | Renewable
Energy
3.1. Energy Efficiency Performance 31235 Meats EDGE Energy Standard =)

In the improved case 1, treatment was applied based
on the existing condition. Compared to the provided
base case, the existing building has lower WWR; lower
SRI (solar reflective index) on roof and exterior walls;
application of shading device; insulation of roof,
ground, and external wall with lower U-value;
efficiency of glass through lower U-value and SHGC,
availability of natural ventilation, lower COP, fresh air
pre-conditioning system, and lower lighting power
density for efficiency in internal and external areas. By
applying those treatments, the improved case 1 has met
28.66% of EDGE Energy Standard (Figure 11).

28.66% Meets EDGE Energy Standard
uf = |

Base Virtual Energy

Existing Virtual Energy
Case for Comfort* Building

Virtual Energy Impraved
Case for Comfort®

for Comfort®

_ B
1241 972
® Heating ® HeatingFans Heating Pumps ® Cocling
@ Equipment
Celling &Vent. Fans ~ Common Amenities  Lighting Hot Water

Water Pumps ® Cooking
ENERGY (kWh/m¥/Year)

Cooling Fans Cooling Pumps Refrigeration

Figure 11 Energy-efficiency performance for improved
case 1.

In the improved case 2, additional treatment was
applied by planning an application of onsite renewable
energy. As described before, BIPV model on roof was
chosen for this study. The simulation in EDGE software
shows that this strategy makes the improved case 2 meet
32.33% of EDGE Energy Standard (Figure 12).

irtual Ener, Existing Virtual Energy Impraved Virtual Energy
for Comfort* Building for Comfart* Case for Comfart®

_ '3”

1241 9:09

® Heating ® Heating Fans Heating Pumps ® Coaling
Cooling Fans Cooling Pumps Refrigeration  Equipment
Ceiling & Vent. Fans ~ Common Amenities  Lighting Hot Water
Water Pumps ® Cooking
ENERGY (kWh/m'Year)

Figure 12 Energy-efficiency performance for improved
Case 2.

3.2. Carbon Emissions

Beside from energy efficiency performance, EDGE
comply the results with the carbon emissions projection.
As seen in Figure 13 and Figure 14, the strategies
applied give significance impact on reducing carbon
emissions. The base case measured carbon emissions in
3790.6 tCOZ2e/year. In the improved case 1, it is
projected that the carbon emissions reduced into 2707.5
tCO2el/year, particularly from electricity uses. While in
the improved case 2, by adding the onsite renewable
energy tools, the carbon emissions projected to be
reduced into 2531.5 tCO2e/year.

~ Hide the Carbon Emissions/Offset

Net Carbon Emissions: 2,844.5 tCO2e/Year

Base Improved Offsite
Case Case Offset

3790.6

2707.5

# Offsite Offset @ Refrigerant ® FuelQil o Coal ® LPG & NaturalGas @ Diesel « Electricity
CARBON EMISSIONS (tCO,e/Year)

Figure 13 Carbon emissions for improved case 1.



ATLANTIS

PRESS

~ Hide the Carbon Emissions/Offset
Net Carbon Emissions:

2,668.5tCO e/Year

ase Offsi
Case Case Offset

37906

25315

Offsite Offset ® Refrigerant @ Fuel Oil Coal e LPG Natural Gas @ Diesel
CARBON EMISSIONS (tCO,e/Year)

Electricity

Figure 14 Carbon emissions for improved Case 2.

To achieve the EDGE standard, a building must
demonstrate a 20% reduction in projected operational
energy consumption. This is means that both improved
case 1 and improved case 2 are already meets the EDGE
Energy standard. Even though it can’t be used for
making decisions that require a finer level of detail, the
simulation is still useful to evaluate resource demand for
greener building purposes.

4. CONCLUSION

The result from EDGE simulation shows that the
improved case 1 has 28.66% better energy-efficiency
performance. While the improved case 2 (with only 7%
annual electricity substituted by renewable energy from
PV) has 33.23% better energy performance.
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