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         Chapter 1 

            

INTRODUCTION 

 

1.1 Background 

 

Green building refers to a structure and using process that is environmentally 

responsible and resource-efficient throughout a building's life-cycle: from siting to 

design, construction, operation, maintenance, renovation, and demolition.  This is 

also known as green construction or sustainable building.  This requires close 

cooperation of the design team, the architects, the engineers, and the client at all 

project stages.  The Green Building practice expands and complements the classical 

building design concerns of economy, utility, durability, and comfort.  On the 

aesthetic side of green architecture or sustainable design is the philosophy of 

designing a building that is in harmony with the natural features and resources 

surrounding the site. There are several key steps in designing sustainable buildings: 

specify 'green' building materials from local sources, reduce loads, optimize systems, 

and generate on-site renewable energy [19]. 

 

The concept of sustainable development can be traced to the energy (especially fossil 

oil) crisis and the environment pollution concern in the 1970s.  The green building 

movement originated from the need and desire for more energy efficient and 

environmentally friendly construction practices.  There are a number of motives for 

building green, including environmental, economic, and social benefits.  However, 

modern sustainability initiatives call for an integrated and synergistic design to both 

new construction and in the retrofitting of existing structures. Also known as 

sustainable design, this approach integrates the building life-cycle with each green 

practice employed with a design-purpose to create a synergy among the practices 

used [19]. 
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1.2 Importance of the Green Building Concept 

 

Although new technologies are constantly being developed to complement current 

practices in creating greener structures, the common objective is that green buildings 

are designed to reduce the overall impact of the built environment on human health 

and the natural environment by: 

 

 Efficiently using energy, water, and other resources 

 Protecting occupant health and improving employee productivity 

 Reducing waste, pollution and environmental degradation 

 

Green building brings together a vast array of practices, techniques, and skills to 

reduce and ultimately eliminate the impacts of buildings on the environment and 

human health.  It often emphasizes taking advantage of renewable resources, e.g., 

using sunlight through passive solar, active solar, and photovoltaic techniques and 

using plants and trees through green roofs, rain gardens, and reduction of rainwater 

run-off.  Many other techniques are used, such as using wood as a building material, 

or using packed gravel or permeable concrete instead of conventional concrete or 

asphalt to enhance replenishment of ground water [19]. 

 

While the practices, or technologies, employed in green building are constantly 

evolving and may differ from region to region, fundamental principles persist from 

which the method is derived: Siting and Structure Design Efficiency, Energy 

Efficiency, Water Efficiency, Materials Efficiency, Indoor Environmental Quality 

Enhancement, Operations and Maintenance Optimization, and Waste and Toxics 

Reduction.  The essence of green building is an optimization of one or more of these 

principles.  Also, with the proper synergistic design, individual green building 

technologies may work together to produce a greater cumulative effect.  On the 

aesthetic side of green architecture or sustainable design is the philosophy of 

designing a building that is in harmony with the natural features and resources 

surrounding the site.  There are several key steps in designing sustainable buildings: 
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specify 'green' building materials from local sources, reduce loads, optimize systems, 

and generate on-site renewable energy [19]. 

 

1.3 Energy Efficiency  

 

Green buildings often include measures to reduce energy consumption – both the 

embodied energy required to extract, process, transport and install building materials 

and operating energy to provide services such as heating and power for equipment.  

As high-performance buildings use less operating energy, embodied energy has 

assumed much greater importance – and may make up as much as 30% of the overall 

life cycle energy consumption.  

  

To reduce operating energy use, designers use details that reduce air leakage through 

the building envelope (the barrier/separation between conditioned and unconditioned 

space).  They also specify high-performance windows and extra insulation in walls, 

ceilings, and floors.  Another strategy, passive solar building design, is often 

implemented in low-energy buildings.  Designers orient windows and walls and 

place awnings, porches, and trees to shade windows and roofs during the summer 

while maximizing solar gain in the winter.  In addition, effective window placement 

(day lighting) can provide more natural light and lessen the need for electric lighting 

during the day.  

 

1.4 The Code of Practise for Energy Efficient Buildings in Sri Lanka 

 

The CODE OF PRACTICE FOR ENERGY EFFICIENT BUILDINGS IN SRI 

LANKA was compiled by the Sri Lanka Sustainable Energy Authority (SLSEA) 

upon reviewing and amending the Energy Efficient Building Code (EEBC) [CEB - 

2000].  This sets forth the requirements for design and/or retrofit of commercial 

buildings and industrial installations which covers the building elements of Building 

envelope, Ventilation & Air conditioning, Lighting, Electrical power & distribution 

and Service water heating [20]. 
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 1.4.1 Lighting 

  

 Lighting is, perhaps, the single largest consumer of energy (kilowatt hours) in 

 a building (other than when air-conditioning is used).  It also contributes 

 largely towards increasing of cooling loads in buildings in tropical climates, 

 as lighting generates heat, which in turn results in higher consumption of 

 energy for air conditioning requirements.  Lighting Power Density (LPD) for 

 lighting systems shall not exceed the values given in Table 1.1. 

 

Table 1.1 Lighting Power Densities 

Building Area Type 
LPD 

(W/m2) 
Building Area Type 

LPD 

(W/m2) 

Automotive Facility  

Convention Centre  

Dining: Bar Lounge/Leisure 

Dining: Cafeteria/Fast Food  

Dining: Family  

Dormitory/Hostel  

Gymnasium  

Healthcare-Clinic  

Hospital/Health Care  

Hotel  

Library  

Manufacturing Facility  

Motel  

Motion Picture Theatre  

9.7 

12.9 

14.0 

15.1 

17.2 

10.8 

11.8 

10.8 

12.9 

10.8 

14.0 

14.0 

10.8 

12.9 

Multifamily 

Museum  

Office  

Parking Garage  

Performing Arts Theatre  

Police/Fire Station  

Post Office/Town Hall  

Places of worship  

Retail /Mall 

School/University  

Sports Arena  

Transportation 

Warehouse  

Workshop  

7.5 

11.8 

10.8 

3.2 

17.2 

10.8 

11.88 

14.0 

16.1 

12.9 

11.8 

10.8 

8.6 

15.1 

Source: SLSEA Code of Practice for Energy Efficient Buildings in Sri Lanka 2009 

 

 1.4.2 Strategy for Energy Efficient Lighting 

 

 Work out best compromise between light quantity and quality. 

 Use lamps and ballast with maximum efficiencies. 
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 Use automatic controls such as daylight sensors, time based controls or 

 occupancy sensors. 

 Install lighting equipment with high power factor and low harmonic 

 distortion [20]. 

 

 1.4.3 Ventilation and Air Conditioning 

 

 Cooling system design loads for the purpose of sizing systems and equipment 

 shall be determined in accordance with the procedures described in the latest 

 edition of the American Society for Heating Refrigerating and Air 

 Conditioning Engineers (ASHRAE) Handbook 2004 or latter or other 

 publications conforming to equal standards.  Indoor design conditions of an 

 air conditioned space shall be designed for a dry bulb temperature of 25oC +/- 

 1.5oC and relative humidity 55+/- 5% [20]. 

 

 Outdoor air ventilation rates shall comply with ASHRAE Standard 62.1 2007  

 (Ventilation for Acceptable Indoor Air Quality).  It is also encouraged to use 

 CO2 monitors and controls for installations with high and variable people 

 occupancy.  Outdoor air quantities however may exceed those shown in 

 Standard 62 ascribed to special occupancy or process requirements or control 

 of air contamination. 

 

 1.4.4 Variable flows and variable air volume systems 

 

 For fan systems that are able to vary system air volume automatically as a  

 function of load, there shall be a requirement of at least 420 l/s of supply air 

 volume per kW of total input power for the motors to provide the combined 

 fan system at designed conditions.  Pumping systems that serve control 

 valves designed to modulate or step open and closed as a function of load, 

 shall be designed for variable fluid flow.  Flow may be altered using variable-

 speed driven pumps, staged multiple pumps, or pumps riding their 

 characteristic curves [20]. 
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 1.4.5 Temperature Control 

 

 The supply of cooling energy to each zone shall be controlled by individual 

 thermostatic controls responding to temperature within the zone.  Each  

 thermostat in operation in turn will control the input of cooling energy 

 (normally by way of chilled water) thereby resulting in effective economic 

 control.  

 

1.5 LEED ratings 

 

Projects earn points to satisfy green building requirements within each of the 

Leadership in Energy and Environmental Design (LEED) credit categories, projects 

must satisfy prerequisites and earn points.  The number of points the project earns 

determines its level of LEED certification.  The main credit categories are as follows 

[21]. 

 

 1.5.1 Sustainable sites credits: Encourage strategies that minimize the 

 impact on ecosystems and water resources. 

 1.5.2 Water efficiency credits: promote smarter use of water, inside and 

 out, to reduce potable water consumption. 

 1.5.3 Energy & atmosphere credits: promote better building energy 

 performance through innovative strategies. 

 1.5.4 Materials & resources credits: encourage using sustainable building 

 materials and reducing waste. 

 1.5.5 Indoor environmental quality credits: promote better indoor air quality 

 and access to daylight and views. 

 

1.6 Application on AFHQ Building as a Case Study 

 

Air Force Head Quarters (AFHQ) building was completed its construction in year 

2002 which was taken approximately 6 years to complete since 1996.  This building 

consists of fourteen stories including a basement floor.  Each floor has 380 m2 area 
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and basically uses for offices.  Whole building is centrally air conditioned with two 

integrated chillier plants.  There are four elevators, fire detection and protection 

system, water distribution system and general lighting to illuminate the floor areas 

for an office environment. 

 

Since this building structure is already completed and occupied green construction 

principles can be applied as a retrofit work rather than a new construction.  Green 

building concept is a very important phenomenon in the modern context since it is a 

need to conserve energy by avoiding/minimizing energy wastages.  Although the 

code of practise covers several building elements only two items were considered to 

be reviewed to retrofit in to this multi-storeyed building as lighting and ventilation & 

air conditioning.  According to the LEEDs main credit categories above two 

elements are covered by energy & atmosphere and Indoor environmental quality 

credits are considered. 

 

1.7 Identification of the Problem 

 

AFHQ building is utilized for an office environment where the approximate 

occupation in the building is 1000 individuals.  This amount is not equally 

distributed among the floors.  Number of individuals per floor is totally depending on 

the functional requirement of the sections occupied in the particular floor.  Each floor 

has different floor plan according to the requirement where half partitions and full 

partitions are incorporated to separate the offices.  General lighting arrangement has 

been provided for the floors without considering the partitions layout.  Switching 

facilities and type of light fittings and luminaries are conventional type.  General 

lighting arrangements do not serve the requirement of energy conservation at all.  

The building is centrally air conditioned and partitioning plan is not taken into 

consideration while designing the duct layout and diffusers.  Two chiller plants are 

available for the AC system and air handling units (AHUs) are available for each 

floor.  The temperatures of the floors are varied in such away creating uncomfortable 

working environment for the individuals.  Some instances temperature drops vastly 

and some instances increases to the level beyond the controls.   
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Green building concepts are not considered while designing or constructing of this 

building.  While considering the fact to reduce the energy consumption of this 

building by applying green building concepts there may be provisions to do so.  

Application of green building concepts would be limited to several areas due to the 

available avenues to approach. 

 

1.8 Motivation 

 

The outcome of project will be to develop and model the AFHQ building which 

facilitate to reduce the energy consumption and to provide comfortable working 

environment for the employees.  Since green construction principles can easily be 

applied to retrofit work as well as new construction it is possible to consider AFHQ 

building in this application.  Although there are large amount of applications in 

respect of green construction principles in this project only few applications are 

considered due to the limitations.  Hence following matters are considered for the 

application of green building principles. 

 General lighting system 

 Air conditioning system 

 

The proposal will reduce the energy bill and provide more comfortable working 

environment in the building. 

 

1.9 Objective of the study 

 

There are four objectives in this study. 

 

 1.9.1 To analyse the energy consumption pattern through 

  a. Analysing the inside temperature of the building 

  b. Evaluating the behaviour of the controlling components of the 

  air conditioning system. 
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  c. Analysing the illumination level of the building in both  

  artificial and natural lights. 

 1.9.2 To propose an optimum energy saving construction materials which 

 can be replaced as retrofitting model and revamp the lighting and AC system. 

 1.9.3 To reduce the energy consumption and to assist the country’s energy 

 crises and to reduce the energy bill. 

 1.9.4 To provide a comfortable working environment. 

 1.9.5 To calculate the Return of the Investment  

 

1.10 Methodology 

 

The following methods are followed to collect data and design the proposal. 

 1.10.1 Distributing questionnaire among the individuals who are working in 

 the building and analysing the data. 

 1.10.2 Measuring the temperature inside the room at six locations of each 

 floor on the days with different climate conditions and analysing data and 

 evaluate the variations. 

 1.10.3 Taking temperature measurements at the chiller plants in and out 

 positions. 

 1.10.4 Measuring the illumination levels at seven locations of each floor and 

 comparing the variation with the natural light levels. 

 1.10.5 Design more energy efficient system by modelling the building using 

 the design software. 

 1.10.6 To analyse the energy saving through the designed values. 

 

This study will help to find a solution to reduce the high energy bill and the problems 

mentioned above.  Provision of comfortable working environment will enhance the 

effectiveness of the employees and will be benefitted to the organization in long 

term. 

 

 


