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Abstract

Electricity consumption in airport terminal buildings can be identified via Low Voltage Main Distribution Panel
(LVMDP) which each of them serves individual distribution block. Total electricity consumption based on
distribution blocks does not describe operational characteristics of building systems. Utilization of building energy
performance simulation software offers solution by providing electricity consumption data based on building
systems. This research applied the method in simulating energy consumption and CO2 emission in Terminal 3
Soekarno-Hatta International Airport. Simulation result shows that total electricity consumption of Terminal 3 is
27700.107 GJ or 7.694 MWh per year, with 86.59% of that is consumed by HVAC system, 9.33% used by lighting
system, 2.41% used by electricity equipment, and 1.76% consumed by transportation system. In order to achieve CO,
emission reduction, three scenarios are simulated in this research, i.e. increasing temperature setpoint, AHU (Air
Handling Unit) rescheduling, and window films replacement. Increasing temperature setpoint could reduce 247.179
ton of CO, emission per year. Increasing temperature combined with AHU rescheduling could reduce 286.611 ton of
CO, emission per year. Window film replacement combined with increasing temperature setpoint and AHU
rescheduling could reduce 289.966 ton of CO, emission per year.
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1. Introduction

Soekarno-Hatta International Airport is a large hub for domestic and international flights. The growth
of air traffic, mainly domestic traffic, gives large effect to the airport. Every year, passenger movement of
the airport increases. The airport needs expansion to handle more than twenty million passengers which
increases every year. On April 15, 2009, Soekarno-Hatta International Airport introduced new terminal to
expand its capacity to meet the continuously improving passenger traffic. The new terminal bears the
name Terminal 3 after the two older terminals, Terminal 1, which is established in 1982 and Terminal 2,
which is opened in 1992.

On the other hand, people began concerned about energy efficiency and CO, emission from all of life
aspects, including air transport. As the business grows, there will be much more passengers which will
triggers the increasing in number of flight, aircraft, ground activity, or even the terminal expansion. All of
the increasing activities in air transportation will likely increasing the CO, emission. Therefore, measures
required to slow or reduce the growth of CO, emission without hinder air transport growth must be
applied.

One of the measures which can be applied for energy efficiency improvement in airport terminal is in
electricity usage. In the Indonesian context, fossil fuel, especially coal, is still being the most widely used
fuel to generate electricity, which means every kWh of electricity produced will emits certain amount of
CO,. Thus, reduced consumption in electricity can affect indirectly to the reduction of CO, emission
either from the reduction of power plant’s capacity or prevent the requirement to build new fossil fueled
power plants.

Electricity consumption in airport terminal buildings, like other large buildings, can be known via Low
Voltage Main Distribution Panel or LVMDP which serves one specific block of electricity distribution,
hence recorded electricity consumption is based on distribution block. Overall electricity consumption
based on distribution blocks does not describe operational characteristics of building systems. Utilization
of building energy performance simulation software offers solution by providing electricity consumption
data based on building systems and have a capability to simulate building electricity consumption in a
specified long term, such as yearly, with a relatively short interval, such as hourly or daily. From the
results, energy conservation effort can be developed.

2. Literature Review

Building energy consumption data obtained from simulation software can be used for various research
objectives. Andarini, et.al. used building energy performance software to analyze a cooling load
sensitivity with the variation of building variables [1]. Zeren implemented building energy simulation to
find the dynamics of building energy consumption and to evaluate various energy conservation strategies,
such as variation if building orientation and HVAC systems [2]. Zhu applied building energy simulation
as a tool for energy auditing in the form of evaluating various energy conservation opportunities and their
impact to overall building electricity consumption [3].

3. Fundamental Theory

Estimation process of energy consumed by buildings includes three basic components, i.e. space load,
secondary equipment load, and primary equipment load calculations. Secondary equipment is equipment
that distributes heating, cooling, or ventilating media to the conditioned space, whereas primary
equipment is equipment that converts fuel or electricity to heating or cooling effect [4].
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3.1. Heat Balance Method

Heat balance method is a method for calculating sensible load which applies first law of
thermodynamics or energy conservation law and principles of matrices algebra [4]. The basic assumption
applied in the heat balance model is that air in every thermal zone can be modeled as well stirred with a
uniform temperature [5].

Calculating space sensible load using heat balance method consists of four elements; they are outside-
face heat balance, inside-face heat balance, zone air heat balance, and wall conduction process [5].

3.2. Occupant Cooling Load Estimation

Cooling load generated by occupant depends on occupancy rate of the building or thermal zone.
Occupant dominating the airport terminal is airplane passengers, therefore estimation will be focused on
the number of passengers.

Estimation of passenger rate at the airport terminal building is conducted based on IATA Arrival
Earliness Distribution. Ahyudanari and Vandebona [6] used time blocks to calculate rate of passenger
arrival to the check-in area. The length of each time block is ten minutes. Basically, IATA Arrival
Earlines Distribution only valid for domestic flight. According to observation by Ashford (1976) in
Ahyudanari and Vandebona [6], IATA Arrival Earliness Distribution can be used for international flight
by way of postpone the time for 60 minutes.

Depending on the occupation pattern, areas of an airport terminal building can be divided to two types.
The first type is an area which has queues of passengers inside and the second one is an area which does
not have queues of passenger inside. Estimation of number of occupant in an area which has queues of
passengers can be conducted using Equation (1). For an area which does not have passenger queues
inside, estimation of number of occupant can be conducted using Equation (2).

Ouiy=PuqytPapySaw )
Ouiy=(P 4 ;yP o) +Saq 2)
where

O, =number of occupant in a specific area at time ¢,

S4y = number of staffs at time ¢,

O, =number of occupant in a specific area at timet,

P, 4 = number of queuing passengers during time ?,

P,,» = number of queuing passengers being processed during time 1,
P, ;s =number of passengers entering area at time ¢,

P4, = number of passengers exiting area at time ¢,

S4w =number of staffs at time ¢

Rate of occupant’s cooling load can be obtained using Equation (3).

0,=04%0Qy 3)
where
0, =rate of occupant’s cooling load (W),
O, =number of occupant in a specific area,

Oy = cooling load rate of activites done by occupants (W).
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3.3. Energy Consumption and Cooling Rate Estimation of Lighting Systems

Electricity consumed by lighting systems is transformed to three fraction of heat, i.e. shortwave
radiation, longwave radiation, and convection. The fractions can be distributed to the space (space
fraction) or can be distributed to the plenum, interact with return air of the HVAC systems (plenum/return
air fraction). Division of heat generated by lighting systems can be calculated using Equation 4 [7].

fconv :1’ 0- Oi"et +flw +fsw) (4)
where
feomy = convective fraction,
free = plenum/return air fraction,
frw = longwave radiation fraction, and
fsw = shortwave radiation fraction.

3.4. Energy Consumption and Cooling Rate Estimation of Transportation Systems

In this research, estimation of energy consumption and cooling load rate are done for two types of
building transportation systems, escalator and lift. To obtain the cooling load rate estimation, power
required by transportation system has to be estimated first.

Estimation of power required by escalator conducted using Equation (5).

_ (Paxanax,e(t))"‘Pm,e,H (5)

me
(A

where

P,. =power required by motor of the escalator (watt),
n,.y =number of passenger carried by the escalator
P, . = power required to move handrail (watt), and

n. = escalator system efficiency.

Estimation of power required by lift system conducted using Equation 6 for upward-moving lift and
Equation 7 for downward-moving lift..

Pl (et G 2m1)) % Ci9+0) 3 Vi) ) -G Vi) ©
Pl e (A4 < Vi) ((mi () ) < xVic) )| @

where

P,, =power required by lift’s motor (watt),

m;. = mass of lift cab (kg),

n,; =number of passengers,

m,,, = total mass of passengers (kg),

g = gravitational acceleration (9.81 m/s?),

Ajy = lift acceleration at time ¢ (m/ )
Viy = velocity of lift at time ¢ (m/s), and
mcy = counterweight mass (kg).
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Cooling load rate of transportation systems can be obtained using Equation (8)

Qtr:”tr Py

where

O, = cooling load of the transportation system (watt),
n, = transportation system efficiency,

P,  =power required by transportation system (watt).

3.5. Energy Consumption and Cooling Load Estimation of Electric Equipment
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)

Electricity consumed by electric equipment is transformed to heat and work. Electricity which
converted to heat is divided into three fractions, i.e. latent heat, wave radiation, and convection. Heat
fraction division of the electric equipment can be obtained using equation (9) [7].

Jo=LO-041,41,)

where

f.n = convective heat fraction,
fi = latent heat fraction,

1 = radiation fraction, and
o = work fraction.

4. Implementation
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Data input for simulation software consists of primary data and secondary data. Primary data is
obtained from direct measurement and observation and secondary data is obtained from equipment
specification or interview with the building management staffs.

The research was conducted in October 2011, when the Terminal 3 was in very low load, because one
of the client airlines was temporarily suspended. The number of occupant represents the low-load
condition, not the ideal condition. The occupant pattern is assumed based on IATA Earliness Arrival
Distribution. Cooling load of occupants is determined based on assumption that all of the occupants are in
the same activity. The activity type depends on the area.

The cooling load of transportation system is obtained from calculation which combines assumptions
and secondary data. Operation scheme of the transportation system is assumed appropriate with the
occupation rate obtained from IATA Earliness Arrival Distribution-based calculation.

Electrical equipment calculated in this research includes office and entertainment equipment but not
airport operational equipment such as baggage carousel and x-ray machine. The cooling load of the
electric equipment is assumed based on the data obtained from ASHRAE 2009 Handbook of
Fundamentals.

HVAC system sizing is not obtained from actual equipment specification but from autosizing which is
a load-based sizing mechanism of the simulation software. Therefore, the electricity consumption of the
HVAC system represents the amount of electricity needed by HVAC system based on the setpoint of the
system, not the size or the specification of the equipment of the system.

5. Result and Discussion
5.1. Electricity Consumption of HVAC System

Simulation result of HVAC system electricity consumption divided into four components, i.e. air loop,
chiller, pump, and cooling tower system. Chiller is the largest consumer of electricity among other
components, with 17675.832 GJ of electricity consumed per year. Pump comes in second place with
4066.040 GJ of electricity consumed per year, followed by cooling tower and air loop system with
1142.938 GJ and 1101.208 GJ of electricity consumed per year, respectively.
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Fig 2.Yearly electricity consumption of HVAC system components.
5.2. Electricity Consumption of Lighting Systems
Electricity consumption simulation of lighting system is divided based on thermal zone. Lighting
system of Commercial First Floor East zone consumed electricity most among other zones, with 302.566

GJ of electricity consumed per year. Conversely, the lighting system of Meeting Point zone is the least,
with 158.108 GJ of electricity consumed per year.
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Fig 3.Yearly electricity consumption of lighting system of zone

located at the ground floor.

5.3. Electricity Consumption of Transportation Systems

Simulation of transportation system electricity consumption is divided based on unit of the system.

There are five escalators and four lifts that are located at three zones.
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Transportation system which consumes largest is escalator connecting Meeting Point and Commercial
First Floor East zone with 157.160 GJ of electricity consumed per year. Escalator connecting Meeting
Point and First Floor West zone comes in the second place with 143.812 GJ of electricity consumed per
year. Two of these systems consume energy larger than other transportation system because they carry
much more passengers than other systems. Transportation system which consumes smallest is Lift in Gate
3 which connects Domestic Boarding Lounge zone with Gate 3, with 7.030 GJ of electricity consumed
per year. This system also carries least passenger.

5.4. Electricity Consumption of Electric Equipment

Electricity consumption simulation of electric equipment is divided based on thermal zone. Each zone
has certain number and specific types of equipment, therefore it is possible to get different amount of
energy consumption. All of the ten zones are simulated, except Baggage Claim West zone, because no
commercial activity and electric equipment are installed there.

Electric equipment installed at International Boarding Lounge zone consumes most among the others,
with 170.834 GJ of electricity consumed per year, whereas electric equipment installed at Arrival West
zone consumes least with 10.220 GJ of electricity consumed per year.

5.5. Overall Building Electricity Consumption

461.606 667.434
2.41%

BHVAC SYSTEM

BLIGHTING SYSTEM
TRANSPORTATION SYSTEM

B ELECTRIC EQUIPMENT

Fig 7. Breakdown of overall electricity consumption.

Overall electricity consumption of Terminal 3 is 27700.107 GJ per year or 7694474.183 kWh per year.
HVAC system dominates the overall electricity consumption with 23986.018 GJ of electricity consumed
per year or 86.59% of overall electricity consumption. Meanwhile, lighting system comes second with
2585.048 GJ of electricity consumed per year or 9.33% of overall electricity consumption, followed by
electric equipment (667.434 GJ per year, 2.41%) and transportation system (461.606 GJ per year, 1.67%).
With overall area of 27699.258 m’(combination of ground floor and first floor area), the energy
consumption intensity of Terminal 3 according to simulation result is 277.786 kWh/m2/year.

5.6. Building Performance Evaluation and Energy Conservation Opportunities

The term of building performance in this research is limited to thermal and visual comfort. Both
thermal and visual comfort evaluation conducted by comparing the value obtained by simulation with
respective standard. This evaluation is conducted in order to find energy conservation opportunities.

The thermal comfort of the building is evaluated by comparing the temperature and humidity of certain
zone with the Indonesian National Standard (Standar Nasional Indonesia) [8] on procedure of the design
of building ventilation and air conditioning. The visual comfort of the building is evaluated by comparing
the illuminance level with the regulation issued by Directorate General of Civil Aviation [9] on technical
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requirements of airport technical facility operation and by comparing the glare index with the maximum
allowable glare index [7].

The first energy conservation effort is by increasing HVAC setpoint temperature. According to SNI
03-6572-2001, temperature value fit in the comfort zone for tropical climate such as Indonesia is between
20.5°C and 27.1°C. Range between 20.5°C and 22.8°C is called ‘comfortable cool’, while range between
22.8°C and 25.8°C is called ‘optimally comfortable’, and range between 25.8°C and 27.1°C is called
‘comfortable warm’ [8]. Setpoint temperature of the existing building (baseline) is set at 23.5°C. To
achieve the level of optimally comfortable, the setpoint temperature can be increased until 25.8°C.
However, the new setpoint temperature proposed in this research is at 24.5°C. The upper limit value is not
chosen in order to minimize the occurrence of temperature exceeds the limit of optimally comfortable
level. The value 24.5°C is chosen because middle value between existing setpoint (23.5) and upper limit
of optimally comfortable level (25.8) is 24.45, or can be rounded up to 24.5°C.

The second way to achieve energy conservation is by rescheduling AHU operation. Simulation result
shows that some AHUs keep operating at low-occupation hours when there is no departure or arrival.
This makes the temperature of the zone served by those AHU falls below comfortable limit (20.5°C) and
at the same time, the electricity consumed by the AHU is useless.

The third mean to obtain reduction in energy consumption is by replacing window films. According to
simulation result, glare occurs at zones located at the first floor. The glare index measured at those zones
is over 22, whereas 22 is the maximum allowable glare index for office [7]. High glare index can causes
visual discomfort. Therefore replacement of windows film in order to reduce glare is done. At the same
time, this can reduce solar heat gain and hence can reduce electricity consumed by HVAC system.

5.7. CO, Emission Reduction by Increasing Energy Efficiency

In the context of Java-Madura-Bali electricity grid network, every MWh produced is equal to the 0.741
ton of CO, emitted [10]. Thus, every kWh electricity saving could give 0.741 kg of CO, emission
reduction.

5.8. Formulation and result of Energy Conservation and CO, Emission Reduction Scenarios

Energy conservation efforts mentioned above are formulated to become three energy conservation
scenarios, Scenario 1, Scenario 2, and Scenario 3. Scenario 1 consists of setpoint temperature increment.
Scenario 2 consists of setpoint temperature increment combined with AHU rescheduling. Scenario 3
consists of setpoint temperature increment and AHU rescheduling combined with window film
replacement.

Table 1. Formulation and result of Energy Conservation and CO2 Emission Reduction Scenarios.

Base Case Scenario 1 Scenario 2 Scenario 3
Electricity Consumed 27700.107 26482.144 26287.844 226271.312
Saving GJ - 1217.963 1412.263 1428.795
% - 4.40 5.10 5.16
Energy Use Index (kWh/m?) 277.786 265.572 263.624 263.458

CO, Emission Reduction (ton/year) - 250.697 290.691 294.094
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6. Conclusion

1) Simulation based on assumptions predicts that overall electricity consumption of Terminal 3
Soekarno-Hatta International Airport is 27700.107 GJ or 7.694 MWh per year.

2) HVAC system consumed the largest portion (86.59%) of overall building electricity demand, with
23986.018 GJ per year. Comes in second place is lighting system, accounted for 9.33% of overall
annual building electricity consumption, equivalent to 2585.048 GJ, followed by electric equipment
(2.41%, 667.434 3J), and transportation system (461.606 GJ per year, 1.67%) comes last.

3) According to that simulation, The Energy Use Index (EUI) of Terminal 3 Soekarno-Hatta International
Airport is 277.786 kWh/m*/year.

4) Three energy conservation efforts are proposed, they are increment of temperature setpoint, AHU
rescheduling, and window film replacement.

5) Implementation of Scenario 1 could reduce overall building electricity consumption 1217.963 GJ
(4.40%) and decrease 250.697 ton of CO, emission per year, whereas implementation of Scenario 2
could decrease building electricity consumption 1412.263 GJ (5.10%) and lower the emission of CO,
up to 290.691 ton per year and Scenario 3 could reduce building electricity consumption 1428.795 GJ
(5.16%) and decrease 294.094 ton of CO, emission per year.
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