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Chapter 5 

            

THEORETICAL DEVELOPMENT AND PROPOSED SOLUTION 

 

5.1 Energy Utilization in Air Conditioning 

  

Indoor air quality (IAQ) refers the nature of the conditioned air that circulates 

throughout space/area where we perform duties and live.  IAQ refers not only a 

comfort which is affected by temperature, humidity and odour but also to harmful 

chemicals and biological contaminants present in the conditioned space.  Air, 

conditioned inside space can be substantially more polluted than outdoor air.  Indoor 

conditioned air become more polluted because: (i) increasing knowledge about 

harmful outdoor pollutants make us insulate outdoor spaces to make them sealed 

against outdoor air; and (ii) air conditioning systems through designed to bring in 

certain amount of fresh air actually end up re-circulating stale air.  Re- circulating 

stale air in conditioned space results in concentration of bacteria, pollen, virus, 

carbon dioxide, volatile organic compounds (VOCs), humidity, tobacco smoke and 

other contaminants, inside closed conditioned spaces [17]. 

 

The conventional energy efficient building practices resulted in construction of 

tighter building spaces, using re-circulated air for ventilation.  Poor design principles 

were employed to enable energy conservation in air conditioned spaces, jeopardising 

the health of the occupants.  Fresh air ventilation runs contrary to the guidelines 

being followed by HVAC professionals.  Higher fresh air ventilation needs translate 

into higher outdoor air changes per changes, which leads to more air conditioning 

loads necessitating installation of higher capacity plants.  This leads to higher initial 

cost and higher energy bills.  New standards and increased awareness of the effect of 

indoor air quality on health necessitates the engineers and building designers 

conceptualise and cost effective solution to indoor air quality requirements. 
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 5.1.1 Options to Save Energy 

 

 Some of the important options to save energy are given below [3]. 

  i Reduce air flow and usage 

 Verify the process point of use needs for peak demand. 

 Contain the critical areas in very small volumes (barrier 

technology). 

 Modulate to lower flows during ‘not in use periods’. 

 Demand control ventilation CO2 (monitoring and control using the 

CO2 level). 

  ii Reduce pressures losses. 

 Ducting arrangements. 

 Design velocities. 

 Low pressure loss filters. 

 Optional inlet/outlet conditions to fans and duct components. 

 iii Improve efficiencies. 

 Fans – types, controls, installation. 

 Drive – types, controls, installation 

 Motors – types. 

 iv Recovery from exhaust air. 

 Heat pumps. 

 Run around loops 

 v Treat outside air separately 

 Use desiccant to remove latent load. 

 Use chillers to control sensible load. 

 

5.1.2 Treated fresh air units (TFAs) 

 

TFAs incorporating energy recovery differ in many ways from the 

conventional system.  Some major areas of difference are listed below [3]. 

 Two tier system handling exhaust and supply air system. 
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 Exhaust air section and supply air section. 

 Rotary heat exchanger section. 

 Inlet damper section. 

 Filter section both for exhaust and supply. 

 The exhaust air drawn through the exhaust section passed through half 

section of the rotary heat exchanger, where it gives up it to the exchanger. 

 The filtered supply air passes over the other half of the rotating heat 

exchanger, in the supply section and exchangers, the energy.  This pre 

heated air passes over a cooling coil for further, before it is supply in to 

the area. 

 

5.2 Application of VFDs in the Air Distribution System  

 

Application of Variable Frequency Drives (VFDs) in the air distribution system of 

HVAC plants is approved energy saving method in the present day context.  VFDs 

are the most energy efficient means for controlling the flow of air and water in 

HVAC systems because these reduce the energy cost.  The system can reduce 

components/costs elsewhere in the HVAC system and saves initial cost for the 

system.  VFDs can be integrated into Constant air Volume (CAV), Variable air 

Volume (VAV) and typical clean rom applications [18]. 

 

 

Figure 5.1 Motor efficiency at variable speeds 
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5.2.1 Controlling the flow 

 

Most of the HVAC systems are designed for the worst case situations having 

excess capacity.  But controlling the flow to match the capacity to the 

requirements, improves air conditioned environment, increase comfort for 

occupants and finally saves energy.  Energy saving principle is as follows [3]. 

  Power absorbed α Flow x pressure 

     Efficiency 

There are several methods of air flow control.  They are installation of outlet 

dampers, inlet guide valves, variable pitch fan, eddy current coupling and use 

of Variable Speed Drives (VSDs).  In the same time fluid flow can be 

controlled using bypass valve (three way), throttling valve (two ways) and 

VSDs [18]. 

 

 

Figure 5.2 Typical Arrangement of variable flow using VSD  
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5.3 Energy Utilization at the General Lighting System 

 

Day lighting is a critical element that influences every design decision.  It uses 

natural light from the sun and sky to illuminate interior spaces.  An economically and 

environmentally responsible lighting technique, day lighting can reduce electrical 

lighting energy use by up to 40 percent.  Turning off or dimming electric lights when 

natural light is available are fundamental to reducing electrical energy use.  So are 

using lighting controls.  A good design should document daylight zones and 

independent control zones.  Plans should also show where photo sensors should be 

located and identify the light fixtures that are controlled by individual sensors. 

 

To reap the benefits of day lighting, use lighting controls that either manually or 

automatically switch off or dim the electric lights in response to available natural 

light.  Control technologies include sensors, dimmers, and switches.  Components 

include the light source, the control unit (dimmer or switch), the photo sensor, and 

the controller.  Other control strategies include using time clocks or occupancy 

sensors.  These technologies turn off lights gradually or automatically depending on 

the strategy chosen [7]. 

 

The electric lighting system should be designed with day lighting in mind.  The 

system should be laid out in a pattern that coincides with the available daylight and is 

circuited parallel to the daylight contours.  Aligning the circuits with daylight 

provides more ability to control the electric light in response to available natural 

light.  All lights that are going to be controlled together should be organized into 

control zones.  Ideally these zones will have uniform daylight levels and similar 

lighting needs.  All the luminaires in the control zone should be on one lighting 

circuit or sub circuit to simplify installation and provide flexibility for future 

changes. 

 

The type of system dictates where the photo sensor must be mounted to accurately 

read light levels and control the electric light accordingly.  In a closed loop system 

the photo sensor monitors the total light level (daylight and electric light) within the 
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space (usually the light levels at the working plane, such as a desk or table).  The best 

location for a photo sensor is above an unobstructed location above a workstation.   

 

In an open loop system the photo sensor monitors the available daylight level at the 

daylight aperture (window, skylight, and clerestory). The photo sensor should be 

placed within the window frame or extremely close or within the skylight well [7]. 

 

 5.3.1 Successful day lighting control 

 

Ensuring that a daylight-designed building achieves both the promised energy 

savings and occupant benefits requires good planning, coordination, and 

communication.  Successful control systems are not simply a matter of 

choosing products from a catalogue of options.  The architect must select the 

appropriate strategies and equipment for the application.  Decisions about the 

electric lighting, day lighting, and control systems should not be made 

independently of one another.  Nor should they be made independently of 

decisions such as building orientation, window and/or skylight design, and 

building use and occupancy schedules. 

 

An integrated design process can be used to create a building that performs as 

promised.  So building systems can be commissioned, including day lighting 

controls.  Ideally, the lighting system should be calibrated after the building is 

occupied.  Architects can achieve the potential energy savings and related 

environmental benefits of day lighting design.  A little research and education 

on controls can make a design a performance success and a beautiful space 

for occupants. 

 

5.3.2 Daylight factors 

 

Daylight Factor (DF) is the ratio between the actual illumination at a point 

inside a room (Ei) and the illumination possible from an unobstructed 

hemisphere of the same sky (Eo).  Daylight factors can be used specify 
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recommended levels of daylight for various interiors and tasks.  Table 5.1 list 

a selection of recommendations for interiors where daylight from side 

windows is a major source of light.  Daylight factors vary for different points 

within a room so it is usual to quote average values or minimum levels [7]. 

 

Table 5.1 Recommended daylight levels 

Location Average DF (%) Min DF (%) Surface 

General Office 5 2 Desks 

Classroom 5 2 Desks 

Entrance hall 2 0.6 Working plane 

Library 5 1.5 tables 

Drawing office 5 2.5 boards 

Sports hall 5 3.5 Working plane 

Source: CIBS Code of interior lighting 

 

Daylight reaching a particular point inside a room is made up of three 

principal components.  The sky component (SC) is the light received directly 

from the sky.  The externally reflection component (ERC) is the light 

received directly by reflection from buildings and landscape outside the 

room.  The Internally reflected component (IRC) is the light received from 

surfaces inside the room [7]. 

 

5.4 Daylight Integration 

 

Good day lighting design makes diffuse daylight the primary illumination, provides 

gentle uniform light throughout the space, and enables occupants to control the 

daylight.  Getting daylight into a space is not difficult.  But controlling is the real 

challenge.  Good design avoids glare, direct sunlight penetration, and too much 

daylight.  An excess of direct sunlight, as opposed to diffuse daylight spread 

uniformly throughout the space, can cause glare and contrast problems, heat gain, 

and lost energy savings opportunities [13]. 

 

Following are some important factors to be considered while integrating day lighting 

into the building and its electric lighting system. 
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 5.4.1 Avoiding direct sunlight 

 

 Direct sunlight should not be allowed in the building except in circulation 

 areas. 

 

 5.4.2 Penetration 

 

  Daylight can be captured through side lighting or top lighting, enabling the 

 architect to control the quantity and quality of light entering the space.  

 Generally, daylight should enter the space from as high a point as possible. 

 Side lighting can be enhanced by using sloped ceilings and lighting a space 

 from two sides.  Glazing and/or shading can be used to diffuse the light as 

 broadly and uniformly as possible throughout the space.  Perimeter zones 

 can be increased to maximize usable day lighting area.  Consider separating 

 windows used for daylight (higher windows, with 70- to 80-percent 

 visual light transmission) and view (lower windows, with lower visual 

 light transmission capability of 30 to 40 percent) to reduce thermal  impacts 

 and glare. 

 

5.4.3 Glare 

 

Blinds and louvers can reduce direct glare from windows.  Consider 

integrating automatic lighting controls with automatic window shades, blinds, 

or other devices that can reduce direct glare and heat gain.  Using the same 

control station, users can control both daylight and electric light levels.  For 

windows on all sides of the building used for day lighting except the north 

side, consider shading with fixed architectural elements such as light shelves, 

overhangs, shades, or vegetation.  Look for other possible solar glare 

situations and control them as well.  Continuous windows in horizontal bands 

can provide a higher level of visual comfort (reduced brightness contrast) 

than "punched" windows [8]. 
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5.4.4 Colour quality 

 

When warm colour temperature fluorescent sources (less than 3500 kelvins) 

are used in conjunction with very cool daylight sources (greater than 5000 

kelvins), the lights may appear yellow.  To mitigate this effect consider lamps 

with a high colour temperature (5000 to 6000 kelvins) if the space is used 

primarily during the day, neutral-white colour temperature (3500 to 4100 

kelvins plus) if also used at night.  Because daylight has a desirable 

continuous and full colour spectrum, the colour of the window glass should 

be as neutral as possible.  Light-coloured surfaces in the space, with brighter 

surfaces kept out of the line of sight of direct sunlight [8]. 

 

5.4.5 Distribution 

 

The electric lighting system should place light on the same surfaces as the 

daylight. While studies suggest that occupants prefer light levels to change 

over the course of the day - preferring higher light levels during the day than 

at night - significant changes in surface brightness should not be allowed. If 

the daylight architecture distributes light on walls and ceilings, the electric 

lighting should also do so.  In deeper day lighted spaces, supplemental wall 

washing at the rear wall and adjacent ceiling softens the gradation of light 

from the window to the interior (reduces the brightness contrasts).  Diffuse 

sources such as fluorescent are considered a good match for the diffuse 

distribution characteristic of daylight. 

 

 5.4.6 Saving energy 

 

Daylight harvesting strategies entail switching or dimming loads in response 

to the variable availability of daylight in the space, maximizing energy savings 

while minimizing intrusiveness of the control effect.  Strategies include 

dimmable ballasts, dimmers, photo sensors, time clocks, and other controls.  

According to Heschong Mahone Group - a professional building energy 
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efficiency consulting firm with a specialty in day lighting research - energy 

savings from daylight harvesting controls can range from about 50 to 75 cents 

per square foot, depending on the characteristics of the application. 

 

5.5 Application at AFHQ Buildings Air Conditioning System 

 

Application of green building concepts to the AFHQ building could be done in the 

retrofitting manner since the structure is constructed and utilized since 2003.  Hence 

only limited concepts could be applied without doing major investment which will 

not be cost effective.  Hence following steps could be taken in order to convert the 

building more energy efficient. 

 

 5.5.1 Temperature control in the space 

  

 The temperature variation within a floor is to be minimised by introducing 

 temperature sensors within the floor and to maintain the indoor temperature 

 between 24oC – 25.5oC which is more comfortable.  So installation of 

 thermostats specially at the fully partitioned area and other remote areas of 

 the floor may smooth the temperature variation within the floor, 

 

 5.5.2 Air flow control 

 

Air flow control is required to control the air flow at the diffusers since 

present system available consists of fixed speed of air flow from the AHU.  

The air flow shall be controlled at the areas where less heating load is 

available.  With the data collected as per the primary data: Table 3.1 the areas 

are identified how the density of occupants is available in each floor.  This 

includes the modulation to lower flows during ‘no use periods’.  Demand 

control ventilation is an important criteria to control the air flow at time when 

number of occupants are reduced after 16.30hrs, before 0800hrs and 

Saturdays.  For this monitoring of CO2 intensity and control the air flow can 

be done. 
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5.5.3 Fresh air control 

 

At the AFHQ system fresh/outdoor air is not controlled and kept fixed all the 

times and it is proven that environmental weather pattern is directly imposed 

in to the air conditioned space.  Automatic fresh air control system shall 

reduce the burden of the chiller and temperature of chiller input and output 

water could be maintained at a higher level than the measured levels: Figures 

4.6, 4.7 and 4.8. 

 

5.5.4 Improve the efficiencies of equipment 

 

AFHQ air conditioning system is consisted with fixed speed type 

conventional drives.  These drives could be replaced with VFDs.  AHU 

motors, cooling tower fans and other drives could be replaced with VFDs and 

more energy saving could be achieved. 

 

5.6 Application at AFHQ Lighting System 

 

Improve the efficiency of general lighting system could be achieved by considering 

several areas only because some of the areas cannot be changed. 

 

 5.6.1 Improve the efficiency of the lamps 

 

Instead of conventional fluorescent lamps more energy efficient lamps could 

be installed.  This can be achieved by replacing the magnetic ballast with 

electronic ballast or replacing the lamp with other energy efficient lamp 

fittings such as CFL or LED.  By changing the luminaries with more efficient 

reflectors, effectiveness could be improved.  By changing the wall colours 

also effectiveness could be improved.  But changing ceiling materials and 

flooring are not cost effective. 
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5.6.2 Day light integration 

 

Day light integration can be done according to the data collected as at table 

3.18 and figure 4.12.  The building envelope could not be changed to have 

maximum day light harvest.  But during the daytime considerable amount of 

day light could be integrated by considering the building orientation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


