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ABSTRACT

This study aimed to establish green building criteria that are suitable for high-rise buildings used as office
rental. Study method began with the collection of a variety of green building criteria that have been developed.
Next step was the identification of green building criteria in the tropics. Field works were then performed to
evaluate the buildings that have been used. The main result of this study was a green building criteria
formulation suitable for application rental office, a new strategy and the determining criterion that was energy
saving design.
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Introduction

Green architecture is the application of the concept of sustainable architecture, which prioritizes the use
of materials and energy efficiency in a building. In practice, a building at least to integrate resources and
environmental conditions around buildings. Some ways of integration include making healthy interior space
to work, take advantage of natural light energy source, reuse of materials that have been used. Some
characteristics of the integration of building resources and environmental conditions in the concept of green
building architecture is a reality, technology, functional, and served. The characteristics must be accompanied
by energy savings in a building, because the world energy use is predicted to increase 70% since decades ago
until the next decade. Building a high use of energy resources is quite large in which 75% is allocated for the
use of heating, ventilation, and air conditioning. Many architects use a way to handle this with passive design,
such as windows that can be opened and shading techniques. Concerns at this time would increase energy
costs, limited availability of drinking water, awareness of the use of materials, and waste disposal greatly affect
the architect to incorporate sustainable design and energy efficient into high building systems (Wener and
Carmalt, 2006). In realizing the concept of green building as the principle of sustainable development is to look
at aspects that protect, conserve, reduce the use of natural resources, protect air quality and building quality
into the planning, development, and operation and maintenance of buildings. The number of commercial
buildings rose in Indonesia with the function of apartments, hotels, and offices. Currently, the existing building
is dominated by buildings that are less environmentally friendly. In such case, high-rise buildings emerging
needs of sustainable building systems and energy saving. Use of renewable resources and reuse of material
into a provision for the many business offices which require a building energy efficient and care about the
environment (Vreenegoor, 2009).

Surabaya City Government has submitted draft Regional Regulation for vertical structure to be
implemented. Who build should use the concept of vertical so as to minimize the use of space. The current
conditions in Surabaya, it is difficult to provide land to build housing, offices and business centers. On the
other hand, increasing population and workforce in Surabaya continue to grow that needs to build housing
settlements. Under existing conditions, the authors identify common criteria green architecture in Indonesia,
especially Surabaya, among others: 1) Use of energy in high-rise buildings generally use a large enough power
source where heating, ventilation, and air cooling is a major factor in energy use for it needs the concept of
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energy-efficient buildings. 2) Increased commercial buildings in Indonesia, particularly disurabaya dominated
by buildings that are less environmentally friendly, limited land for development, increasing population and
the labor required vertical building concept. 3) It is necessary to use technology in the building in terms of
energy saving effort that takes into account temperature, humidity, lighting, solar radiation to the human needs
of physical comfort. 4) As an example of applied high-rise buildings by applying the concept of green
architecture and become one of the icons of energy efficient buildings in Surabaya.

However, there is a lack of criteria and studies for green architecture that directed to high-rise buildings
for rental office. Thus, this study aimed to establish criteria for determining the energy and material saving
for the intended building. Determinant criterion can be used for architecture design, construction decisions, and
building operations by users.

Materials and methods

Study Area Descriptions:

Surabaya city is located on the north coast of East Java and the Brantas river delta that empties into the
Madura Strait. The topography of Surabaya is lowland with an altitude of between 3-6m above sea level, only
the southern land is hilly with an altitude of 25-50m, with an area of approximately 33,306.30 hectares. The
population of Surabaya is registered in the Family Card to December 2007 was 2,861,928 souls. Surabaya is
Indonesia's second largest city after Jakarta. Located between 07 degrees 9 minutes - 07 degrees 21 minutes
latitude (south latitude) and 112 degrees 36 minutes - 112 degrees 54 minutes East (East Longitude), Surabaya
has a minimum humidity 42% and 96% maximum, minimum temperatures 23.3 ° C and maximum 35.2 ° C.
Dry season: May-October, the rainy season: November-April. Surabaya could represent the coastal city with
humid tropical climates around the equator. 

Based on spatial planning (Perda No. 03 Year 2007 RTRW Surabaya), referral center for trade and service
center are located in the city center as the heart of the city of Surabaya. Tread chosen must have good
accessibility, located at the center of town, and have adequate infrastructure. High-rise buildings that will be
placed are expected to support the economic aspects around, with consideration of: 1) Flow of traffic at this
location are preferred on the flow that is not too dense and have a wide road. 2) The location of these high
buildings will become an icon in the existing environment.

Evaluation Criteria for Green Architecture:

Green architecture is a building design concept, materials and energy-efficient. Buildings and land are
expected to utilize natural energy, protect and preserve human health and the environment, in the use of the
building. That effort starts from the preparation stage of land, design, construction, operation, maintenance, and
reconstruction. The concept of green architecture can be achieved in two ways: 1) Design of Passive by
processing the form, among others, namely the utilization of solar energy, use of the influence of climate, rain
water utilization. 2) Design of Active with the help of technology, among others, the substitution of electric
energy with solar cells and rain water treatment. In the exercise, passive design must be supported by active
design.

There are several principles in bringing a building with the concept of green architecture as a series of
pressure to deliver perfection of the design (Vale, 1991) among others: 1) Energy conserving to minimize fossil
energy use in its operations. 2) Working with Climate, among others, the building must be made to operate
according to the climate around, how the building is formed according to climate, to do with the arrangement
of building forms. 3) Minimizing new resources, at the end of life can be a resource other architectural
buildings, relating to the sustainability of buildings. 4) Respect for Users, understand the importance of all
people involved in the building, which is related to the use of material without disruption to human health.
5) Respect for site, buildings should be touching the earth gently, in order to reduce damage to land from
development. 6) Holism, in an effort to make the building with all the principles of green architecture to obtain
maximum results.

Strategy of High-rise Building Design for Rental Office:

Criteria for height of buildings in several countries, including Indonesia, is as follows. The low rise: 1-2
floors, medium rise: 3-4 floors, high rise: more than 4 floors. While in Hong Kong, the sequence of
classification is the low rise: 1-7 floors, medium rise: 80-20 floors, high rise: more than 20 floors. In the
design of tall buildings can be emphasized some strategies related to energy savings, such as building codes,
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structural systems, acoustic systems, vertical transportation systems, plumbing systems, electrical systems,
lighting systems, and the system of air (Juwana, 2005).

Specific strategies for energy conservation in high buildings is the system of air is related to air
conditioning and lighting systems for protection from the sun. It became the main point in wasting energy. To
overcome this problem there are 2 ways: 1) passive systems include building construction, building materials,
and air refresher without equipment. Air Refresher can be achieved in three ways, namely protection against
the sun with shade plants, sun protection is still such sun-shading, and protection against the sun moving. 2)
active systems include planning that allows the utilization of natural wind or use of equipment to regulate
temperature and air refresher. Cooling air inside the room or building can be done also with air conditioning
that is conditioned and cross-ventilation. With the proper placement of openings can occur evaporation process
which can lower the temperature, which should be directed to the parts of human occupancy of space (Frick,
2007).

Results and discussion

General criteria:

Climate on earth is an important thing that makes people think to apply a suitable building. One reason
is for the physical comfort of human fulfillment. In the humid tropical climate, there are several criteria that
must be considered as overcome the heavy rain, hot sun, high temperatures, high humidity and wind speed
are generally low. In designing the architecture of a tropical region like Indonesia can not be applied to form
a subtropical western architecture, where architecture tends to expose the building to the subtropical sun. Some
of the criteria in the design of energy-saving applications in humid tropical climate (Karyono, 2010) among
others: 1) Minimizing the acquisition of solar heat, which prevents direct solar radiation on the transparent wall
that can cause the greenhouse effect, reduce heat transmission from the solid wall with a vent, placing service
space on the side of the direct solar radiation falling on the east and west. 2) The north-south orientation of
buildings, the effect of this orientation is the wall thickness and color of the walls, the thick walls of the small
temperature fluctuations due to temperature conditions in the building more stable, with the use of dark colors
that the temperature inside the building below the outside temperature is always low. 3) Maximizing the release
of heat the building, creating openings, windows, jalousie which allows cross-ventilation in an optimal place,
where air flow is helped achieve the comfort temperature. 4) Minimize the heat radiation from the ceiling, to
the top floor or roof space ventilation diusakan given as much as possible to release trapped hot air from
underneath. 5) Utilize indirect sunlight to illuminate the space in the building, this is related to lighting
efficiency, which is seeking the incoming light is not direct light from the sun. 6) Utilization of renewable
energy in the current draft, according to the humid tropical climate that is rich in solar radiation can be applied
to a solar power generation technology called the solar cell. This energy source is the most secure source to
be applied in a building and will not produce waste.

Examples of the application of green architecture in buildings associated with climatic conditions in
Indonesia ("Tren Konstruksi", 2010) among others: 1) The use of special glass with the principle of heat-
retaining glass sunshine glass dealers that are also called double glazing, combination of 2 glass 6mm thick
with a gap 12mm air, this system also reduces the role of cooling air. 2) In the skin there is sunshading
buildings that can be applied to solar cell, minimize the heat radiation of the sun and reflect sunlight toward
the ceiling thereby strengthening the natural lighting without glare effect. 3) The roof contained roof top
planting increase the percentage of green areas and water purification technologies can be applied. 4) In
relation to energy saving in air conditioning usage penghawaan choose VRV system (Varible Refrigerant
Volume) air conditioning system operation are also using the BACC (Building Air Conditioner Control) which
automatically adjusts the operating schedule and the desired temperature. 5) To use this type of Fluorescense
use of light that can improve the efficiency and use is governed by a motion sensor (motion detector) in the
workspace so that when the unused space on its own light goes out.

Strategy Approach:

The authors add a tall building strategy, especially rental office to find out the implementation of energy
saving efficiency criteria appropriate for the humid tropical climate. The study will focus on finding out the
criteria used for energy efficiency that can be applied to high-rise rental office. Of course, with the application
of green architecture as a whole will provide more value. Over time rental office building design quality can
be improved, with new goals, new needs, increased automation for efficiency, and attention to local climatic
conditions.
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In a high building there is a bioclimatic approach (Yeang, 1994) namely the approach based on passive
design approach and a minimum of energy by utilizing natural energy, especially the local climate tropical
climate to create the conditions for the residents comfort. Some principles in the approach bioklimatik, among
others: 1. Core service is the main thing in designing high-rise buildings, position of cores can be classified
into 3 types namely: Central Core, Double Core, and Core Single-sided, in building core tropical east dam
should be placed in the west because the sun's heat. 2. Lobby elevators, stairs, and toilets should be given a
natural ventilation and views out. 3. On the wall of a typical floor should be open facing north and south. 4.
Plants and landscaping should provide cooling to the building. 5. Cross-ventilation should be used to provide
fresh air into the building. 6. Work space has a proper proportion of the amount in accordance with the amount
of each person. 7. Building structure can be used to dampen the heat of the building.

Office building for lease was strongly influenced by the location of the site either in a rural, suburb, or
urban. Factor in terms of geography also influence the climate. Rental office buildings in Asia generally depend
on the demand for space required and the current floor of each building often has a size of 17m from the core
to the outer wall, as a nice dimension to the use of leased office floors (Kohn, 2002). In areas used to
determine the zoning office building lease has 3 provisions, namely: 1) Gross floor area, this is a calculation
that used the entire area. 2) Rentables floor area, the determination of all zoning areas except the room service,
such as elevator cores. 3) Usable floor area, covers only those areas used as work space for rent (Kohn, 2002).
This is to separate the space needs to be made. There are several considerations in making the rental office
building, with the concept of green architecture is needed (Kohn, 2002) among others: 1) Core configuration,
there is a center-core building which is one of the most widely used configuration for high rise, side core
building is configuration suitable for smaller offices. 2) Floor plate, this is a modulation to facilitate adjustment
of the area with the purpose of efficient use of space, in Asia generally use 1.2 m module with a repetition
of the box. 3) Floor-to-floor height, determine the size of the height between the floor until the ceiling is
usually the size of about 2.6 m or 2.75 m. Buildings in asia have a typical height of between 4 to 4.2 m
depending on the needs maintenancenya system. 4) Exterior wall system, to do with the character of buildings,
influenced by the utility room of each client's lease of office space. 5) elevators and mechanical systems,
elevators connection with the use type that includes the transport and time taken. 6) Structural systems, related
to the type of construction used, the size of the column, place, and spacing arranged to not interfere with the
use of interior space, the determination of the column grid is also very influential on the modulation. 7) Code
conformance, associated with signs in buildings such as fire codes, to facilitate users in it. 8) Parking and
Loading, related to the amount of parking needed to total occupancy of buildings where the parking area shall
be in accordance with the area's office space. 9) Area schedule, to determine the estimated expenditure, the
owner must approve the amount of area required. 10) Cost and schedule, cost and schedule associated with
building construction. In realizing the high-rise office leases that green architecture can not be separated from
efficiency, flexibility, and image as the main point in the design.

Case Study for the Consorcio Building in Santiago, Chile:

The architect was Enrique Browne Arquitectos. The use of green walls is an important part of the façade,
which according to the tropical climate and as a key implementation strategy in terms of the environment.
There are up to 48% energy reduction thanks to the use of green walls. Transitional space between the facade
and the exterior to provide space for cooling, which allows the sun will terpantulkan and provide warm air
out the building so the heat will be wasted. The building provides a reference how to implement the plant as
the facade of a building that provides energy savings impact. Placement of plants in the facade is applied at
each floor, which gives a special module of the building. The building is to blend with the surrounding
residential buildings covered by many large trees. Examples of these buildings can be rated as green
architecture in the sense of nature because of the appearance of green plants and green for energy saving.

Case Study for Menara Boustead, Malaysia:

The architect was Ken Yeang (1994). Location: Jalan Raja Chulan, Kuala Lumpur, Malaysia, Size: 29.840
m2 with 15.630 m2 of car park, has 31 levels of the floor. The main concern of this building design concept
is an open space located in every corner of the floor of the building. This space is useful for placement on
the plant floor, providing a more flexible zone in the service area, provide adequate sun shading into a wall
of glass to improve the quality of natural light and ventilation in office space, it is useful also to hide the AC
unit. Configuration of this building puts core lifts and toilets on the west and east sides to respond to the
tropical climate.
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Case Study for Allianz Tower, Green Tower Jakarta, Indonesia: 

The architects were Budiman H.Hendropurnomo and Dicky Hendrasto ("Indonesia Design", 2009). Building
with 28 floors located in Jakarta brass actually not planned to adopt the concept of green, see the necessity
of building a green building design, because of environmental conditions in Jakarta which is increasingly dense
and lack of water catchment areas. One application is to provide a fairly large catchment of about 30% of the
land area 7000m2 with the hope to make friends with the surrounding environment, the process is not rain
water directly into city sewers but are accommodated by the storage pool, the team of architects also did not
make the basement parking in order to absorb more water, land can be planted with many plants, the use of
Coble stone material that has a cavity in the middle applied to the building where a lot of gaps for water
absorption. With this system there is no parking in the basement of the construction does not need to dig too
deep soil and parking areas are made above ground provide penghawaan and natural lighting. Efforts to save
energy, this building was to apply shape building facing west-east direction is made more narrow and facing
north-south direction is made large and elongated. In addition to this building fully use the glass as skin
buildings where glass used to use double glazing glass system with high technology that can reflect the sun's
glare and reducing infrared rays. The building was made not too thick around 24m with a range of 7.2 m-8m
columns with the aim that sunlight can enter evenly. The building housing offices engaged in the media was
made with imaging approach as a center of information, then the form built like a book or newspaper. Form
two towering masses is the concept of information, while the straight lines which is a translation of writings
in newspapers is represented by a floor plate deliberately highlighted.

Case Study for Graha Wonokoyo, Surabaya, Indonesia:

The architect was Jimmy Priatman ("Indonesia Design", 2005). Graha Wonokoyo is one of the Surabaya
office buildings in which to apply energy-efficient buildings, this building form of colonial architecture
approach because the context of its location within the conservation area, this building consists of three masses
of the front is a two-storey building with a colonial architectural style as the manifestation of the approach
then the middle three floors act as a transition between colonial forms with modern forms and the rear with
11 floors are office towers stretching from north to south. Detail shown is one element of colonial architecture
that greatly affects the look of this building. In planning this building is trying to reduce the standard rate of
energy consumption that has been set according to energy efficiency index (EEI) for office buildings that
should not be more than 200/kwh/tahun. For that look east and south-facing does not implement a full glass
still incorporating elements of neo classical openings like windows so narrow the entry of solar radiation,
whereas in the north and west that have a higher radiation using high-tech type of glass that covered the v-kool
can reflect solar radiation. The type of air conditioning is VRV systems that save energy and can be set
independently on each floor. West side, which acts as a heat barrier functioned as the reception, meeting room,
and room service. North side is as the room air conditioning units, pantry and archive space. On the south and
east of the main zone which functioned as office space.

Conclusion

The criteria of green architecture has not been fully implemented holistically. However, efforts toward
green architecture is to provide benefits to the sustainability of the built environment and sustainability for the
future. All of the design of tall buildings for leased office should implement a holistic approach in determining
criteria for green architecture that suitable in a tropical climate. The determining criterion is energy-efficient
design. Energy efficient design is achieved through the design of passive and active. The passive design
includes the shape of the building, placement of air circulation and lighting. The active design includes all type
of building equipments.
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