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ABSTRACT

The Sri Lankan Tri forces Headquarters with Ministry of Defence office complex are
schedule to be located in one place at Akuregoda Baththaramulla. This building
complex will be one of the largest office complexes in Sri Lanka and to be
accommodated for different nature functions except routine official duties. Therefore
more attention has been given to improve the architectural view of the entire
complex. In the mean time less attention has been given for energy optimizations
issues. When the proposed design is thoroughly studied, many possibilities are
available to improve energy efficiency of entire complex with some simple
modifications. In order to optimize the energy use for illumination system and
HVAC system, this case study has been done for selected building area of the total
complex. The part of the building complex is selected to do the research and selected

area is developed as a separate building model.

The research is mainly based on the finding of best wall to window ratio to optimize

the energy co! ption_for illumination Sy: and HYAC, sy 1 of the selected
building M€k The calculationrstages.are done, Jpaintaini initial building
parameters Hhumanyeomfort zeneaas |A n path over the
location. The best orientation of the building model is obtained according to the

north alignment. Then the condition of the building model is improved as an energy
efficient model by replacing illumination system with LED luminaire, window glass

with energy efficient low-e window glass and developing a building envelop.

Financial evaluation is done to all proposed building models with compare to the
existing design for energy consumption. Then the lighting power density (LPD) is
calculated for each building model and made a comparison with the maximum LPD
values published by Sustainable Energy Authority.

The research methodology can be practiced in designing stage of any kind of a
building to improve the energy efficiency effectively. It gives more opportunity for
designers to develop more energy saving building environment, while maintain the

human comfort in the same time.
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Chapter 1

INTRODUCTION

1.1 Background

Energy efficiency is a growing policy which has been given many priorities by many
countries around the world. This concept is widely recognized as the most cost
effective and readily available means in order to address energy related issues,
including energy security the social and economical imports of high energy price and
global effect on the climatic change. At the same time energy efficiency has increased

the comparativeness among involving parties to promote consumers benefits.

There are many motivations to improve energy efficiency reducing use of energy.
Reducing the use of energy reduces the cost of energy and it may result in financial
cost saving @ consumers.-sometigres it may, offsetzadditional,cost on implementing
and energﬁ%iciency tachnologidsc ddoweyvédn the: effortyite, develop more energy
efficient tec'hfiblogies anthpracticesiarié-being developed day by day. According to The
International Energy Ageincy, iimpioved eneigy eiiiciency in buildings, industrial
process and transportations could reduce the worlds’ energy needs in 2050 by one
third.

Energy is generated from deferent sources and it can be classified in to two different
types as nonrenewable and renewable. Basically, nonrenewable recourses such as
fossil fuels and nuclear materials are removed from the earth and can be depleted.
These sources have been the most used type of energy in the present world. Then the
renewable resources, such as wind, water, solar, and geothermal come from sources
that regenerator as fast as there are consumed and continuously available. Same as that
bio fuel produced from food crops and other plants are replenished every growing
season. In the early part of the twenty first century, renewable sources have become

more popular than nonrenewable sources.



1.2 Energy Efficiency and Conservation

Energy efficiency and conservation is another concept to meet the challenge of
limiting green house gasses emission and the climate change mitigation. From small
scale house hole to mage scale factory level, this concept is implemented with the help
of developing technologies. Energy efficiency is manly achieved from the appliances
used to provide product and services, in the menace of less energy used than regular
requirement. For examples, insulating buildings to used less energy for heating and
cooling to achieve and maintain comfortable temperature. Installing LED, CFL or
natural sky light reduces the amount of energy required to attain the same level of
illumination compared to using traditional incandescent light bulbs. Another approach
is implementation of hybrid technologies which can be done as solar power
combination with electric power for illumination system and HVAC system in order

to optimize the regular power consumption ext.

Energy efficiency has proved to be a cost effective strategy for building economies

without necess JE0RVARG energynconsymption. ckherefore, - of the countries
have alretdly-Bepun-to-implement knesgy &fficiengyrmeasure oducing building
codes and=gppliance’ stamdardsiwith stric Other than that,
countries like USA, UK have implemented a “loading order” for new energy resources

that puts energy efficiency first, renewable electricity supplies second and new fossil-

fired plants last.

Energy conservation is boarder than energy efficiency in that it encompasses using
less energy to achieve a lesser energy service, for example through behavior change as
well as encompassing energy efficiency. Example for conservation, without energy
efficiency improvement make rooms cool with in less time with pre-define
temperature, used common transport in fact individual transports menace or working

in a less bright lightly lit room, practice good behavior in energy serving.

Reducing energy uses a sense as a key solution to the problem of reducing green
house gases emission. Accordingly to the international energy agency, improved
energy efficiency in buildings, industrial process and transportation could reduce



words energy need in 2050 by one third, and help to control global emission of green

house gasses.

The emissions of green house gasses from buildings are significant and by adapting
energy efficiency programs, situation can be changed by consideration to the concept
of green building and energy efficient building. This concept has become more handy,
since it has given more financial benefit as well as more environmental friendly. A
green building and energy efficiency buildings deal with two different terms but both
are involved in energy serving and less energy usage than regular behavior.

Green building they are also known as green construction or sustainable building,
refers to structure and using process that is environmentally responsible and resource-
efficient through outer building life cycle from sitting to designing, construction,
operation, maintenance, renovation and demolition. In other words, green building
designs involve find in the balance between home building and sustainable
environment. That requires a close cooperation of the designing team, the architect
and client aﬁé” project Stages. The lgreentibuilding, précticeliexpense and complements
the classicafbflilding desigiyconcern'ebeconomy, utHity: ‘durability and comfort.

Although the new technologies are constantly being developed to complement current
practices in creating greener structure, the common objective is that green buildings
are design to reduce the over roll impact of the built environment on human health and

the natural environment by:

o Efficient using energy, water and other resources.
e Protecting occupant health and improving employ productivity.
¢ Reduce waste, pollution and environmental degradation.



Figure 1 1 An eco-house with a turf roof and solar panels

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. Studies such as the U.S. LCI (Life Cycle Inventory)
Database Project show buildings built primarily with wood will have a lower

embodied energy than those built primarily with brick, concrete, or steel.

To reduce operating energy use, designers use details that reduce air leakage through
the building envelope (the harrier bhetween conditioned and unconditioned space).
They also spcify high-perfonmance Windowswand extrd insutation in walls, ceilings,

and floors  Araiher strategy]Ipassivié-selarbuidding designllis often implemented in

low-energy=Romes. Designers’ drientWinttows 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. Solar water

heating further reduces energy costs.

Onsite generation of renewable energy through solar power, wind power, hydro
power, or biomass can significantly reduce the environmental impact of the building.

Power generation is generally the most expensive feature to add to a building.

In passive solar building design, windows, walls, and floors are made to collect, store,
and distribute solar energy in the form of heat in the winter and reject solar heat in the
summer. This is called passive solar design because, unlike active solar heating

systems, it does not involve the use of mechanical and electrical devices.

The key to designing a passive solar building is to best take advantage of the local

climate. Elements to be considered include window placement and size, and glazing
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type, thermal insulation, thermal mass, and shading. Passive solar design techniques
can be applied most easily to new buildings, but existing buildings can be adapted or
"retrofitted".

Energy efficient buildings (new constructions or renovated existing buildings) can be
defined as buildings that are designed to provide a significant reduction of the energy
need for heating and cooling, independently of the energy and of the equipments that
will be chosen to heat or cool the building.

This can be achieved through the following elements:

e Bioclimatic architecture: shape and orientation of the building, solar
protections, passive solar systems

e High performing building envelope: thorough insulation, high performing
glazing and windows, air-sealed construction, avoidance of thermal bridges

e High performance controlled ventilation: mechanical insulation, heat recovery

Only When,_the{building hasibeeh designed 4o 'mMinimizel the'énergy loss, it makes sense
to start Iodkﬁjg' at the energy source (ihctuding renewdble-energy) and at the heating
and cooIinQ %QUipments. This approach has been designated as the Trias Energetica

concept.

1

Reduce the demand for energy by avoiding
waste and implementing
energy-saving measures.

2

Use sustainable sources of energy
instead of finite fossil fuels.

3

Produce and use
fossil energy
as efficiently

as possible.

Figure 1 2 Trias Energetica concept
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Following the principles of the Trias Energetica concept under mentioned 5-step

approaches have been developed.

Benefit at maximum from

| Optimum « Bioclimatic » design
sun radiation

&
AL

/ Airtightness @«

7 Ventilation ‘ |

Performance of the

] Performing envelope

insulating solution
« {0 reduce heal loss
«To ensure summer
comfon

Air quality
« for a fresh & healthy air
* mossture management

Optimized equipment

A .
4 Equipment with good control and
regulation
| . Renewable energy Adapted to local

1.3 Bioéllmatic architecture

Bioclimatic architecture takes into account climate and environmental conditions to
help achieve thermal and visual comfort inside. Bioclimatic design takes into account
the local climate to make the best possible use of solar energy and other environmental

sources, rather than working against them. Bioclimatic design includes the following

principles:

\ ‘
v [ pump, solar collectors for hot

Insulation of the envelope is the first step to improve energy efficiency

Related actions

{~ -Shape and orientation of the )
building
- Orientation and share of glazing

\__ - Shading iwind protection ;)

Good Insulation of the envelope:
- floor
- walls
«roof
- windows and doors

Thermal bridges treatment

Alr tightness (roof, windows
frame, doors...)

e e -
Ventilation (double flow variable...)

Ground heat exchanger \
\ J

Higher efficiency gas boiler, heat

water...

s

| Photovoltaic cells, wind power,
[N

fomass

' Figure-1.3,Approghers.of T rigs; Engrgetica,concept

e The shape of the building has to be compact to reduce the surfaces in contact
with the exterior; the building and especially its openings are given an
appropriate; interior spaces are

laid out according to their heating

requirements;

o Appropriate techniques are applied to the external envelope and its openings to
protect the building from solar heat in winter as well as in summer; passive
solar systems collect solar radiation, acting as “free” heating and lighting
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systems; the building is protected from the summer sun, primarily by shading
but also by the appropriate treatment of the building envelope (i.e. use of

reflective colours and surfaces).

Thermal insulation is a low-cost, widely available, proven technology that begins
saving energy and money, and reducing emissions the moment it is installed. Well
installed insulation ensures energy efficiency in every part of the building envelope
including ground decks, roofs lofts, walls and facades. It is also well suited for pipes
and boilers to reduce the energy loss of a building’s technical installations. Insulation
is as relevant in cold regions as in hot ones. In cold/cool regions, insulation keeps a
building warm and limits the need for energy for heating whereas in hot/warm regions
the same insulation systems keep the heat out and reduce the need for air conditioning.

o An exterior wall is well insulated when its thermal resistance (R value) is high,
meaning the heat losses through it are small (reduced U value). Insulation is a
key component of the wall to achieve a high R value (or a low U value) for the

ple Jl T ermal resistance e installel ition products has
Jéi%’s highras-passible,

Air tigl ss | hrough gaps and
cracks in the construction (sometimes referred to as infiltration, exfiltration or
draughts). Air leakages need to be reduced as much as possible in order to create
efficient, controllable, comfortable, healthy and durable buildings with more stringent
building regulations requiring better energy efficiency , air tightness is an increasingly

important issue.

o Details that are vital to achieving good air tightness need to be identified at
early design stage. The next and equally important step is to ensure these
details are carried over into the construction phase. Careful attention must be
paid to sealing gaps and ensuring the continuity of the air barrier. It is far
simpler to design and build an airtight construction than to carry out remedial

measures in a draughty home.
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Consequences of air leakages : outside air may be drawn into the home through gaps
in the walls, ground floor and ceiling (infiltration), resulting in uncomfortable inside
thermal condition. In some cases, infiltration cool air can cool the surfaces of elements
in the structure, leading to condensation. Warm air leaking out through gaps in the
dwelling’s envelope (exfiltration) is a major cause of heat loss and, consequently,

wasted energy

A leaky dwelling will result in higher CO, emissions. The additional thermal loss will
mean that a correctly sized HVAC system may not be able to meet the demand
temperature. Draughts and localized heat spots can cause discomfort. In extreme
cases, excessive infiltration may make rooms uncomfortably cold during cooler
periods. Excessive air leakage can allow damp air to penetrate the building fabric,
degrading the structure and reducing the effectiveness of the insulation. Air leakage

paths often lead to dust marks on carpets and wall coverings that look unsightly.

Ventila hrough buildings,
delivering g;e& and “exhatisting "stale “air ' throtigh—purpose-built ventilators in
combinatioa witl lesigned heating Sy | humidi and the fabric of
the building it

o If the insulation is not done properly and ventilates too little, risk for warm
humid air condensing on cold will be increased and poorly insulated surfaces
will create moisture which allows for moulds and fungi to grow.

« A controlled ventilation strategy will satisfy the fresh air requirements of an
airtight building. Air infiltration or opening of the window cannot be
considered an acceptable alternative to designed ventilation.

e As the saying goes: ‘build tight, ventilate right.’

Sri Lanka as a Tropical country gets solar radiation approximately for 12 hours per
day, throughout the year. Therefore, it gives many possibilities to collect solar as an
energy source in different forms for regular needs. This freely available energy source
can be used effectively to fulfill day time energy requirements. Basically solar energy
can be used directly for heating and lighting needs and indirectly as Photovoltaic

energy. The direct use of solar energy mainly to fulfill building’s energy requirements
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gets more than 75% efficiency with compare to the indirect use of solar energy, but
getting such efficiency will depend mainly on the design and the location where
building to be located. Even so, it is hard to see any motivation to use such freely
available clean energy source in present energy related issues.

The Sri Lanka Defence Head Quarter complex is presently being constructed in
Akuregoda, Pelawatta as a malty storied building complex in order to establish the
Ministry of Defense, Tri Forces Head Quarters and Police Head Quarters together in
one complex. This complex will be a one of the largest office complex in Sri Lanka in
future. It is going to equip with all the modern office equipment, office environments
and facilities in order to meet each and every administrative requirement of all defence
forces. During the planning stage more consideration was given to develop more
comfortable working environment each and every employee. The interior design also

was made accordingly.

The total design of the building and all the other facilities included will demand

conside ergy demand will
be incl Jf%q ual maititénance cost ahid flrther it wilf D& an additional cost for
future f 3C&T§tiﬂ Vitl npare to the pt I 1mes launched by
the go me tain government

institutions of this nature will be a considerable factor in future events. Therefore the
institutions which are depending mainly on government funds need to be optimized

the expenditures with every possible menace.

The annual maintenance costs of those institutions are divided into different
subsectors. Energy sector is one of the subsector pay lots of attention in annual budget
of each institution. In the same way Sri Lanka Army annual energy cost also has taken
more attention with compare to the other maintenance costs. The energy cost of Sri
Lanka Army shall be divided further into different sub subsectors such as for
petroleum products, electricity and fire woods. During this work only the cost make

for electricity has been taken into consideration in fact of other energy sources.

In order to minimize the cost of electricity mainly in building complexes, the modern

energy optimization techniques and concepts shall be applied during construction



stages and functioning stages. However, at the designing stage of the proposed
Defence Head Quarter complex, the main concentration has been given for
architectural view in fact of giving more concentration on energy efficiency
possibilities. Therefore this research work has been done to find the most suitable

design to improve energy efficiency against the proposed design.

The proposed energy efficient building design was done with consideration to the
different concepts. The main consideration was given to find the most suitable wall to
window ratio against the wall to window ratio available in the proposed design as to
obtain more solar intake for the internal illumination system while maintaining the
comfortable working environment. The some improvements for the existing design
were done to achieve the optimum conditions for walls and windows. In such case the
building enveloping was done to maintain the preferable thermal condition and
windows glasses were replaced with low E-glassless to collect more solar for

illumination system, with less thermal intake.

It is m }EI; ntlto  §improve) the iiman'\behavior-towards the energy saving
praC“C( V\,ﬁrré dchiey Ao 'the' terhnical i rovements far- any v lg enVIronment to
achieve more ¢ timi be maintained by

enforcing some rules and regulations for equipment usage specially. This nature
practices shall be done easily in military environment. In other establishments’
working environments shall be improved with BMS to achieve the same out come

without leaving additional burden to employee.

As an organization which maintain with government funds, Sri Lanka Army should
have good practice on energy serving. The annual allocation for electricity and its’
expenditure for last five years is mentioned in the table 1 1.
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Table 1 1 Allocation for electricity for last five years

Year | Allocation — Rs (Mn) | Expenditure — Rs (Mn)
2009 1448 1667.3
2010 1767.34 1864.92
2011 1778.3 1978.27
2012 2108.9 2308.9
2013 3719.82 3790.35

Source: Annual reports of Directorate of Budget

and Finance Management -SL Army

The table shows the allocation given for electricity has been over expended in every
year. This situation evident, the future expenditure for electricity may increase
remarkably during the functioning stage of new Head Quarter Complex. Such
situation will be harder for Sri Lanka Army as a Government dependant organization
due to future energy crisis and energy policies. Therefore it is needed to change the
usual practice | t : : , he usual energy

consur Jp’?*

e/

The Sr k tion for Code of
Practice for Energy Efficient Buildings in Sri Lanka in order to enhance the energy
efficiency of the buildings to be constructed and for retrofits to commercial buildings.
The main purpose of this effort is to introduce energy efficient design and retrofit to
commercial buildings industrial facilities and large scale housing schemes to enable
designing construction and maintenance to be carried out under minimal energy
consumption without compromising the building’s function, while maintaining the
comfort and health of occupants. Further it has proposed to set a criteria and minimum
standards for energy efficient design and retrofits in commercial buildings and provide
criteria for determining compliance, then to encourage energy efficiency designs

exceeding minimum standards.
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This cord of practice covers the following building elements;

a. Building enveloping: - Under this heading it addresses the general principles
of energy efficient envelop design, emendatory requirements and prescriptive

requirements and the method of compliance.

b. Ventilation and Air Conditioning: - Under this heading it addresses the
mandatory requirements for load calculations, designing and sizing of
equipments, temperature adjusting, balancing and commissioning and finally

the maintenance of the system.

c. Lighting: - Under this heading it covers the general principles of energy
efficient lighting practices, mandatory and prescriptive requirements,
maximum allowable power for illumination system, lighting consideration,
strategies for energy efficient lighting and selection of appropriate

components.

d. Ser@iﬁ;és waterCheating: ! Hagnders this Sheating it> addresses the general
prihc‘fbles, mandatory-and" pfescriptive requirements, selection of equipment

and installation and design consideration.

Moreover, the cord gives the details for maximum power utilization for certain areas
as Table 1.3. It specified Lighting Power Density for respective building elements

which need to be adopted during design stage.
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Table 1 2 Lighting Power Densities

o LPD o LPD
Building Area Type (Wim2) Building Area Type Wim2)
Automotive Facility 9.7 Multifamily 7.5
Convention Centre 12.9 Museum 11.8
Dining: Bar Lounge/Leisure 14.0 Office 10.8
Dining: Cafeteria/Fast Food 15.1 Parking Garage 3.2
Dining: Family 17.2 Performing Arts Theatre | 17.2
Dormitory/Hostel 10.8 Police/Fire Station 10.8
Gymnasium 11.8 Post Office/Town Hall 11.88
Healthcare-Clinic 10.8 Places of worship 14.0
Hospital/Health Care 12.9 Retail /Mall 16.1
Hotel 10.8 School/University 12.9
Library 14.0 Sports Arena 11.8
Manufacturing Facility 14.0 Transportation 10.8
Motel _ | 8.6
Motion uté:aﬁf [heatre | 12.9 forkshop 15.1

Source: SESE/ Practice for En Sri Lanka 2009

SLSEA expects to develop a sustainable energy policy by applying the theories
mentioned above. The Government also has taken lots of interest on same issue with
the increasing power demand. Therefore as a Government organization, Sri Lanka
Army also need to practice energy efficient ethics in their every action.

Sri Lanka Army energy need mainly fulfills by two commodities, i.e. by petroleum
products and by electricity. As mention in above chapters, the demand for the energy
is gradually increasing in every year. The expansion and improvements done to Sri
Lanka Army have been affected to increase the energy demand. The total energy
demand might not be able to fulfill up to desirable level with present energy related
issues. Therefore it is much needed to use the available sources more efficiently than
usual manner. The situation has been taken into consideration and number of non-
technical measures has been already implemented to optimize the usage of energy. In

the same way, adding some energy efficient technologies for the same concept, the
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outcome of the effort will be more effective. Sri Lanka Army’s electricity
consumption is generally done to function of office environments. Basically, the most
of the office time are laid down during usual office hours. Therefore it is obvious the
considerable amount of electricity consumes during day time. The day time electricity
usage can be optimized with combination of naturally available energy sources as
solar. The solar energy shall be used directly for building illumination and water
heating and indirectly as electricity generation. Direct use of solar as an energy source
is having 75% efficiency than use it indirectly as generating electricity for the same
purpose. Since most of the office functions nature duties are taken place during day
hours, the use of direct solar for illumination system shall be more effective. Intake
direct solar to a building inside, affects to increase the internal thermal condition of
the particular building. The proper balance need to be maintained in between these
two systems. The amount of energy can be served against the energy to be consumed
for proposed Army Head Quarters building was calculated by adding some

modification to the existing design during the research work.

1.4 skground
€53
Proposed M&B Office complex; Triforces Headquarters are

being constructed in Akuregoda, Pelawaththa area at present. It 1s a multi storied
building complex which has been decided to do a combine installation of Tri Forces
Head Quarters, Police Head Quarters and Ministry of Defense office complex together
in one place. This will be a one of the biggest office complex in Sri Lanka and
therefore more attention has been given for the Architectural view of the complex. The
total building complex is concerned, supposes to consume huge amount of electrical
energy in various forms such as illumination, HVAC, mechanical etc... This case
study was done to find the possibility of improving energy efficiency specially
electrical, of one selective part of the complex by integrating daylight and other
natural climatic conditions with artificial conditions pertaining to the office

environment.

14



1.5  Preliminary statement

The energy bill of Sri Lanka Army is getting increased in large amount with compare
to the following year as mentioned in above chapter. This situation has been affected
with the establishment of new military bases in selected areas of the country.
Therefore the possibilities need to be find to optimize the energy usage in Sri Lanka
Army without disturbing the routine duties.

1.6 Problem identification

Sri Lanka Army is one of a largest organization in Sir Lanka. After the war, in order to
maintain the national security, military camps are established in identified areas of the
country. These camps are constructed in a particular manner and they have to be
fulfilled with all the infrastructure facilities, because it is very much essential Army to
depend themselves without dealing with outside community. Therefore, Government

allocates lots of funds in every year for maintenance of such organizations. The

allocation tQ b rved in the menace,of Defence, discuss in e year Government
budget ;.eﬁgt widely. -Allocatingisuch amount of.maney.m ecome as critical
issue ir Jt,-g;_fe nisvand [therefieteathdde Jt more effort on
utilizing the given allocation very efficiently. The total annual expenditure of Sri

Lanka Army’s concern, considerable percentage of given allocation spends to pay
electricity bills in every year. Even though the situation is like that, nobody has taken
much interest to minimize such expenditure. Such situation has become more critical
when allocating fund to provision of electricity supplies for newly established camps.
Most of the buildings in Sri Lanka Army are heavily energy consuming buildings and
so far the actions have not been taken yet to modify the same as suitable for low
energy consumption. Being a tropical country, Sri Lanka is very much near to the
equator and therefore gets natural sun light more than 8 hours per day throughout the
year. This condition can be used for building illumination during daytime integrating
the natural sun light with artificial illumination system in order to minimize the power
consumption for indoor illumination. In the same time with the proper coordination of
relevant factors, development of internal heat load can be minimized with optimizing

the power consumption for the HVAC system.
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1.7 Long term problem identification

If the electricity consumption of Sri Lanka Army is not being optimized immediately,

the Sri Lanka Army and the Government will face some of the following problems:

Huge energy bills will get every year and in the same way the Government
may need to allocate additional funds to maintain these nature

organizations.

As the funds are obtained as voted funds, the settlement of bills may not be
taken place on time. Therefore the frequent disconnection of electricity
supply will be experienced by own institutions due to delay settlement of

electricity bills.

Power Generation cost may increase eventually and new power plants may
need to pe established. tonfulfill -Uupcoming electricity demand. Since the
éi&t of thévenewable Energyssour¢as wrainly thechydro power) are being
Utitized intheir| thaximum capacity, fossil fuel burned power generation
units may need (o be established. Such situation may be reason to increase

global warming and cause more environmental impact.

1.8 Objectives

The main objectives of the study are,

Study the total energy consumption for illumination system and HVAC
system of selected area of proposed building complex during identified
time period and the effect of existing building design and construction

method for the energy consumption.

Study the methods for energy optimization of the selected building model

with possible modification
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Study the effects of climatic condition for energy consumption of the
building and the combination of the same with internal office condition to

optimization of energy efficiency.
Propose the modification which could be done to the proposed building
complex to improve energy efficiency against the existing conditions and

financial evaluation.

Propose the most suitable W/W ratio and orientation to be maintained for

Sri Lankan building construction scenario for energy optimization.

Propose new values for Lighting Power Density by improving the value

introduced by Code of Practice for Energy Efficient Building in Sri Lanka.
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Chapter 2

LITRETUER REWIEV

2.1  Descriptions of main parameters - Lighting

2.1.1 IHlumination

The process of seeing any object with use of light which illuminates with the

environment in the scene is called illumination.

R/

- TLIGHT SOURCE
7/

Luminous flux (Im)

-

Luminous
intensity

Eye
Luminance
{ca/m2)

Rigure] 2L hHustaation for lighting properties

2.1.2 Luminous Flux

Luminous flux is the quantity of the energy of the light emitted per second in all
directions. The unit of luminous flux is lumen (Im). One lumen is the luminous flux of
the uniform point light source that has luminous intensity of 1 candela and is
contained in one unit of spatial angle (or 1 Steradian). Steradian is the spatial angle
that limits the surface area of the sphere equal to the square of the radius. This concept
is shown in the figure for 1 m radius of the sphere. Since the area of sphere is 4pr?

then the luminous flux of the point light source is 4p lumens.
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1 m radius sphere
Figure 2 2 Illustration for luminous flux

2.1.3 Luminous Intensity

Luminous intensity is the ability to emit light into a given direction, or it is the
luminous flux that is radiated by the light source in a given direction within the unit of
the spatial angel. If the point light source emits @ lumens into a small spatial angel 3,
the luminous intensity is 1=@/R. The unit of luminous intensity is candela. There is a
standard that details the candela definition. This includes the standard light source and

Py

the physi

ol
2.14 iu_r,’rﬁ?‘;aa e (THumimation)
This definition determines the amount of light that covers a surface. If @ is the
luminous flux and S is the area of the given surface then the illuminance E is
determined by E=@/S. The unit of illumination in SI system is Ix, and in foot-pound
system it is foot-candle. One Ix is the illuminance of 1 m2 surface area uniformly
lighted by 1 Im of luminous flux. The following drawing explains this definition. One

foot-candle is 10.76 lux.
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Area
S=1m*

Figure 2 3 Illustration for illuminance

2.1.5 Luminance

Luminance L is the luminous intensity emitted by the surface area of 1 cm? (or 1 m?)
of the light source. Mathematically it is L=1/S where | is the luminous intensity and S
is the area of the source surface perpendicular to the given direction.
The unit of luminance is cd/m?2 or cd/cm? (in some applications Im/cm?2 or Lambert can
be used). Thef ringifiguee shows the concepts

«~

\¥

3 ‘ﬁahg

Z
ld:m :
Figure 2 4 Illustration for luminance

2.2 Dialux light building software

Dialux is the most commonly use software for light simulation for both indoor and
outdoor. It professionally calculates and checks all lighting parameters for interiors
and exteriors, roads and tunnels, providing clear and accurate results according to the

latest interior décor regulations. The luminaires (lamps, LED spotlights, floodlights,
20



ceiling fixtures) included in the programme come with detailed descriptions and
technical specifications such as power rate, intensity and luminous flux, luminance
diagrams and isolux photometric curves. Therefore lighting designers can then rely on
a software system and it is constantly updated with the lighting components
manufactured by leading world manufacturers. This software has been used to do the

lighting calculation for all the time where it was necessary.

2.2.1 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 sa: OPPO

5

k.
Daylight integration; facility; With #nteriar is available with
Dialux lig g ulation stagers in

order to optimize the power consumption for lighting system throughout the research

work.

2.2.2 Daylight factors

Daylight Factor (DF) is the ratio between the actual illumination at a point inside a
room (E;) and the illumination possible from an unobstructed hemisphere of the same
sky (E,). Daylight factors can be used specify recommended levels of daylight for
various interiors and tasks. Table 2.1 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.
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Table 2 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 35 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.

2.2.3 felad] lediithaminance |&vel
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Location

IHluminance (Lux)

Low | Base | High

Offices

Libraries

Accounting

Audio Visual areas
Conference areas

General and private offices

200 | 300 500
200 | 300 500
200 | 300 500
200 | 300 500
200 | 300 500

Lobbies, lounges and reception areas 100 | 150 200
Off-set printing and duplicating area 200 | 300 500

Above tables provide details for desirable illuminance levels for selected general

areas. Therefore, keeping it as the references minimum illuminance level was taken as

300 Lux for office environment for further calculations.
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2.3 Descriptions of main parameters - HVAC

The HVAC system is the highest energy consuming unit in almost all office
environments. Therefore it is needed to reserve additional budget in every allocation
as they get high energy bill usually. During the research this factor was deeply
discussed. Certain areas of ASHRAE standards and Code of Practice for Energy
Efficient Buildings in Sri Lanka - 2009 were taken as the guideline for the research.
Following factors were taken in to consideration throughout the calculation.

1. Number of occupancy was taken as 45 people where as the ASHRAE
standard 62 in office space 100m? 7 people shall be occupy in a office
space.

Fresh Air intake to the room was taken as 8.5 I/s per person.

Outdoor condition was taken as 32 C° (DB), 29 C° (WB), 80% RH.

Indoor condition was taken as 24 C° (DB), 13 C° (WB), 50% RH.

Floor area was 450m?>.

A

231 HMEBSysten

Details 3 calculation, is as

follows:
1. Cooling capacity: 40 kW, 136500 BTU/hrs
2. Power input: 11.2 kW
3. COP: 3.75 kW/kW
4. Brand: LG

2.4 Theoretical details

2.4.1 Relative Humidity (RH)

This is the ratio of the partial pressure of water vapor in an air-water mixture to the
saturated vapor pressure of water at a given temperature. The relative humidity of air

depends on temperature and the pressure of the system of concerned.
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Relative humidity is normally expressed as a percentage and is calculated by using the

following equation

6=~ % 100%

w

Where:- (ﬁb) relative humidity
(Ew) - partial pressure of water vapor (H,O)

ES
(") - vapor pressure of water at a given temperature

2.4.2 Dry-bulb temperature (DBT)

The temperature of air measured by a thermometer freely exposed to the air. DBT is
the temperature of environments air temperature, and it is the true thermodynamic
temperature. It indicates the amount of heat in the air and it is directly proportional to
the mean Kinetic energy of the air molecules. Temperature is usually measured in
degrees Celsius (°C), Kelvin (K), or Fahrenheit (°F).

<v'r | l
T Tu

Figure 2 5 Illustration for DB Temp and WB Temp

engineeringtoolbox caom

Dry bulb temperature does not indicate the amount of moisture in the air.
In construction, it is an important consideration when designing a HVAC system for

any particular building for a certain climate condition.
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2.4.3 Wet-bulb temperature

This is the thermodynamic property of a mixture of air and water vapor. The value
indicated by a wet-bulb thermometer often provides an adequate approximation of the

thermodynamic wet-bulb temperature.

A wet-bulb thermometer is an instrument which may be used to assume the amount of
moisture in the air. If a moist cloth wick is placed over a thermometer bulb, the
evaporation of moisture from the wick will lower the thermometer reading
(temperature). If the air surrounding a wet-bulb thermometer is dry, evaporation from
the moist wick will be more rapid than if the air is moist. When the air is saturated, no
water will evaporate from the wick and the temperature of the wet-bulb thermometer
will be the same as the reading on the dry-bulb thermometer. However, if the air is not

saturated, water will evaporate from the wick causing the temperature reading to be

lower.
244 ail
e
=)
The R-vallg.is measune e0f therms the  building
and cor \ f the temperature

difference across an insulator and the heat flux (heat transfer per unit area per unit

time, Q.i) through it or R= &T/QA. The R-value being discussed is the unit
thermal resistance. This is used for a unit value of any particular material. It is
expressed as the thickness of the material divided by the thermal conductivity. For the
thermal resistance of an entire section of material, instead of the unit resistance, divide
the unit thermal resistance by the area of the material. R-value is the reciprocal of U-

value.

2.45 U-factor

The U-factor is the overall heat transfer coefficient that describes how well a material
conducts heat. It measures the rate of heat transfer through a element over a given area

under standardized conditions. The usual standard is at a temperature gradient of 24
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°C (75 °F), at 50% humidity with no wind (a smaller U-factor is better at reducing

heat transfer).

U is the inverse of R with Sl units of W/(m2K) and US units of BTU/(h °F ft?);

S

AT

e~ =

Where: k is the material's thermal conductivity and L is its thickness.

2.4.6 Sensible Heat

This is the heat absorbed or given off by a substance that is NOT in the process of
changing its physical state. Sensible heatcan be sensed, or measured, with

a thermometer, and the addition or removal of sensible heat will always cause a

Change in the temnerature of the subhstance

/e
Z=)
2.4.7 Latgati

This is the heat abscrbed or given off by a substance while it is changing its physical
state. The heat absorbed or given off does not cause a temperature change in the
substance- the heat is latent or hidden. In other words, sensible heat is the heat that
affects the temperature of things; latent heat is the heat that affects the physical state
of things.

2.4.8 Shading coefficient

This is a value that determines one type of thermal performance of glass units. It is
basically the ratio of solar gain (due to direct sunlight) passing through a glass unit to
the solar energy which passes through 3mm Clear Float Glass . It is referred to as an
indicator to how the glass is thermally insulating (shading) the interior when there is

direct sunlight on the panel or window.

The shading coefficient (SC) depends on the color of glass and degree of reflectivity.

It also depends on the type of reflective metal oxides for the case of reflective
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glass. Sputter-coated reflective and/or sputter-coated low-emissivity glasses tend to
have lower SC compared to the same prolifically-coated reflective and/or low-

emissivity glass.

It is usually a value ranging from 1.00 to 0.00, but experiments show that the value of
the SC is between 0.98~0.10.

It is known that the SC value plays a significant role in the selection of glass, specially
at high-temperature areas. Usually at those areas, low SC is needed to lower the solar
heat gain through the glass. It works with the direct sunlight, and with the absence of

sunlight SC loses its significance in design.

2.4.9 The Psychrometric Chart

The psychrometric chart shows graphically the parameters relating to water moisture
in air. This application note describes the purpose and use of the psychrometric chart
as it affects the HVAC engineer or technician.

Air comprises approximatelis 78osmitragen) 2% loxygen,. andi 2% other gases. But air
iS never drﬁven in-asdesert. Two thirds’ ofthe ‘eatth's'surface is covered with water
and this, aléﬁb"with other surface water and rain, maintain low pressure water vapor to

be suspended in the air making up part of the 1% of other gases.

The psychrometric chart indicates the properties of this water vapor through the
following parameters, each of which is explained in more detail below:

e Dry bulb temperature

e Wet bulb temperature (also known as saturation temperature)

e Dew point temperature

e Relative Humidity

e Moisture Content (also known as humidity ratio)

e Enthalpy (also known as total heat)

e Specific Volume (the inverse of density)

Any psychrometric chart is valid at a certain pressure of air. The pressure of air is

related to the height above (or below) sea level. The chart provided by Power Knot is
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valid at sea level (760 mm of Hg). Corrections must be made for different altitudes
before calculations. When calculating if any two of the parameters above is known,

other five values could be calculated from the chart.

The psychrometrics chart is much important in the HVAC industry because:
e People feel comfortable over a narrow range of temperature and humidity
e Machines (especially electronic machines) operate over a specific range of
temperature and humidity
e To calculate the amount of heating or cooling required for a certain space

requires knowledge of the moisture content of the air
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Figure 2 6 The Psychrometric Chart
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2.4.10 Properties on the Chart

e Dry bulb (DB) temperature

Figure 2 7 Dry Bulb temperature line

DB temperature is shown as the horizontal axis of the chart

e Wet bulb (WB) temperature

)

Figure 2 8 Wet Bulb temperature line

WB temperature is indicated by diagonal lines on the chart.

e Relative humidity (RH)

Figure 2 9 Relative humidity line
Lines of constant relative humidity are shown as exponential lines on the

psychrometric chart. The line at 100% is referred to as the saturation line.
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e  Dew Point (DP) temperature

This is the temperature of the air at which a moist air sample reaches water vapor
saturation. It is equivalent to a wet bulb temperature at 100% relative humidity. At this
combination of temperature and humidity, further removal of heat results in water

vapor condensing into liquid.

L

Figure 2 10 Dew Point temperature lines
At saturation, the dew point temperature equals the wet bulb temperature, which also

equals the dry bulb temperature, and the RH is 100%. This temperature is shown as

horizon

Figure 2 11 Moisture content lines
This is also known as the humidity ratio and is usually designated as W. It is the
proportion of the mass of water vapor per unit mass of dry air. Humidity ratio is
dimensionless, but in the US it is usually expressed as pounds of moisture per pound
of dry air; elsewhere it may be expressed as grams of water per kilogram of dry air or

as a percentage. The moisture content is the vertical axis of the chart.
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) Enthalpy (total heat)

Figure 2 12 Enthalpy lines
Enthalpy (usually designated as h) is the total amount of heat energy of the moist air
and therefore includes the amount of heat of the dry air and the water vapor in the air.
In the approximation of ideal gases, lines of constant enthalpy are parallel to lines of
constant WB temperature. Thus the enthalpy is indicated by diagonal lines on the

chart.

In the US, enthalpy is measured in BTU per pound of dry air; elsewhere it is measured

in Joules per kilogram of air.

o _{pecific votume
This is the inverse of density. Specific volume is therefore the volume per unit mass of

the air sample. This is shown as diagonal lines on the chart.

Figure 2 13 Specific volume lines
In the US, this is measured by cubic feet per pound of dry air; elsewhere it is measured

by cubic meters per kilogram of dry air.
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° Comfort zones

People feel comfortable within a small range of temperatures and humidities. The

ranges vary based on the respective area. In the northern hemisphere, people typically

wear more clothes in winter than in summer. Therefore, rooms are maintained at

cooler temperatures in winter than in summer.

34°C
eI — 40% relative humidity
310¢ 4 — 50% relative humidity
30°C + — 60% relative humidity

Perceived temperature
N
i
(e}

20°C 21°C 22°C 23°C 24°C 25°C 26°C 27°C 28°C
Dry bulb temperature

Figure.2 14 Comfort zgnes

People are Sensitive;ig-umidity, begause water evaporates from the skin and this

evaporation cools the body. At a high humidity, water evaporates from the skin

slowly, therefore it feels warmer. At a low humidity, water evaporates faster and feels

colder. The effect of perceived increase in temperature with increase in humidity is

referred to as the Heat Index and is shown graphically in the above figure.

i

Figure 2 15 Comfort zones in Psychrometric Chart

The psychrometric chart shows the two comfort zones typically acceptable specially

for US citizens.
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25 CLTD method

The cooling load calculation procedure that will be explained here is called the
CLTD/CLF method. This method first introduced in the 1979 ASHRAE Cooling and
Heating Load Manual. The CLTD/CLF method is regarded as a reasonably accurate
approximation of the total heat gains through a building envelope for the purposes of
sizing HVAC equipment. This method was developed as a simpler calculation
alternative to difficult and bulky calculation methods as used previously. Errors taken
place, when using the CLTD/CLF method tends to be less than use of other methods.
This procedure is relatively easy to understand and use. The CLTD/CLF method can

be carried out manually or by using a computer.

2.6 Human comfort and productivity improvement

2.6.1 Thermal comfort

Thermal ang=atmospheric-cangditignsyin-an enclased space.are usually controlled in
order to enﬁ’%’the fieadthianch comfortefdhe dcoupants. [Theformer it was referred as
Comfort Céﬁditioning and. the Jafter is“called Process Air Conditioning. Complete the
process oi aii Conditioning requireiments as suitabie for any paiticular place, specific
equipment or operations are involved. Specifications are generally available from the
producer or manufacturer, and the ASHRAE (American Society of Heating,
Refrigerating, and Air- Conditioning Engineers) Handbook of Applications provides a
description of acceptable conditions for a number of generic industrial processes.
Once the necessary conditions for process or machinery operation are established,
attention must be paid to providing acceptable comfort, or at least relief from

discomfort or physiological stress, for any people also occupying the space.

It can be considered as human beings are very versatile “machines” having the
capacity to adapt to wide variations in their working environment while continuing to
function, their productivity does vary according to the conditions in their immediate
environment. Benefits associated with improvements in thermal environment and

lighting quality include:
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e Increased attentiveness and fewer errors

e Increased productivity and improved quality of products
e and services

e Lower rates of absenteeism and employee turnover

e Fewer accidents

e Reduced health hazards such as respiratory illnesses

Indeed, in many cases, air conditioning and illumination costs can be justified on the

basis of increased profits.

Air conditioning and electric lights have given the less impotency of large windows,
which provided light and ventilation for buildings. Although windows are much
important for architectural view, day lighting, and natural ventilation, windowless
interior spaces now are used to a much greater extent. Conditioned air, which is

cleaner and humidity controlled along with the interior lighting level contributes to

reduced maint e (

0
On the othglagnd, thisFmproMemgent e hui e with the greater
expenst |uij , , , y for energy costs. A

substantial portion of the energy consumed in buildings is related to the maintenance
of comfortable environmental conditions. This refers to approximately 60 percent of
the total energy consumption of office building is directed toward this task.

2.6.2 Comfort Conditions

Besides considering architectural concepts, the human environment must provide light
and thermal comfort. Comfort is best defined as the absence of discomfort. People feel
uncomfortable when they are too hot or too cold, or when the illuminace level is high
or low against the task. Positive comfort conditions do not cause unpleasant sensations

of temperature, drafts, humidity, or other aspects of the environment.

Human beings are essentially constant-temperature animals with a normal internal

body temperature of about 98.6°F (37.0°C). Heat is produced in the body as a result of
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metabolic activity, so its production can be controlled, to some extent, by controlling
metabolism. In such case the body rejects heat at the proper rate in order to maintain

thermal equilibrium.
If the internal temperature rises or falls beyond its normal range, mental and physical

operation is curtailed, and if the temperature deviation is extreme, serious

physiological disorders or even death can result.

2.6.3 The Comfort Chart

7 /
0.016 Datg based|on ISO| 7730
and ASHRAE STD|55 H 20
0.014
Upper F{?rﬁyudec/ldﬁmid' Limi/,,%m Wy ratio
0.012 ol A o
N g
2 A 15
T oy e
8 0.010 s S
- /,/7/.,& =]
o e %V -
s AT 1OClo 0501 1 g
E 0.008 ot ot { 1 w0 3
ot . i 1 A ¥ i ! o
FEERO06 e dl £
.:é,,'?j Teettionig Thes ’ e
BeRp 00 i — 0o ©
h _U "2 30— 7-_Nowﬂs@9mm§ﬁa_;g o, - _ ‘‘‘‘‘‘‘‘‘ -5
Ve =T dwer Humidity 1'=<= - 10

‘-O%HT'_‘”W | 'L’ i //QQ\ \Qi lemlts

10 13 16 18 21 24 27 29 32 35 38

Operative Temperature, °C

Figure 2 16 Comfort chart

The comfort chart, shown in Figure correlates the perception of comfort with the
various environmental factors known to influence it. The dry-bulb temperature is
indicated along the bottom. The right side of the chart contains a dew point scale, and
the left side a wet-bulb temperature scale indicating guide marks for imaginary lines
sloping diagonally down from left to right. The lines curving upward from left to right

represent RHs.

Notice that the comfort chart in Figure is derived from the Psychrometric Chart. A
description of the Psychrometric Chart and its importance is addressed in above

Chapters. Two comfort envelopes or zones are defined by the shaded regions on the
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comfort chart—one for winter and one for summer. The thermal conditions within
these envelopes are estimated to be acceptable to 80 percent of the occupants. To
satisfy 90 percent of the people, the limits of the acceptable comfort zone are sharply
reduced to one-third of the above ranges. The zones overlap in the 73°F to 75°F (23°C
to 24°C) range. Under these conditions, thermal comfort can be defined in terms of

two variables: dry-bulb air temperature and humidity.

The comfort chart was developed from ASHRAE research, which has usually been
limited to lightly clothed occupants engaged in sedentary activities. The reasoning
behind this approach is that 90 percent of people’s indoor work and leisure time is
spent at or near the sedentary activity level. In line with this rationale, the comfort
envelope defined separately and strictly applies only to sedentary and slightly active,
normally clothed persons at low air velocities. For other conditions, the comfort zone

must be adjusted accordingly.

ic Theses & DitiStinflnns
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mean outdoor air temperature T por (°C)

Figure 2 17 Comfort range

2.6.4 ASHRAE’s Thermal Comfort Standard

ASHRAE’s Standard 55, Thermal Environmental Conditions for Human Occupancy,
describes the combinations of indoor space conditions and personal factors necessary
to provide comfort. It addresses the interactions between temperature, thermal
radiation, humidity, air speed, personal activity level, and clothing. The standard
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recommends conditions that have been found experimentally to be acceptable to at
least 80 % of the occupants within a space. The operative temperature range for a
office building occupants in summer clothes is 73°F to 79° F (22.5°C to 26°C). These
values are based on 60 percent RH, an activity level of approximately 1.2 met, and an
air speed low enough to avoid drafts. The standard includes a chart that relates the
allowable air speed to room air temperature and the turbulence of the air. However, as
the temperature decreases, comfort depends more and more on maintaining a uniform
distribution of clothing insulation over the entire body, especially the hands and feet.
For sedentary occupancy of more than an hour, the operative temperature should not
drop below 65°F (18°C).

Throughout the research work in door thermal conditions were maintained as follows;

e DB temperature as 240 C
e WAB temperature as 130 C
e RHas50%
Vo {dontept-ast®.QOP kdikanain
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All those values of thermal condition exist within the range of human comfort zone as
mentioned in above chapters. Same as that the average illuminance level also exists
within the range of desirable level. Therefore it says that all the calculations have been

done while maintaining the human comfort level inside the office environment.

In order to get optimum energy efficiency, electricity consumption of illumination
system and HVAC system can be controlled separately as suitable for the indoor
condition. Illumination system can be included with Lux level sensors in combination
with the lighting system operating system to maintain the average Lux level as 300
Lux in all time. In the same time the total lighting system can be grouped according to
the internal arrangement of the office and then Lux level sensors can be included for
each group separately as suitable to the requirement. This arrangement will facilitate
to get the desirable Lux level for total area concern as well as to get the optimum

energy consumption. Then the HVAC system can be installed with DC Inverter type
37



Multi Split system with temperature sensors which have the facility to control the
internal heat load as suitable for the requirement. This system shall be automated with
each other operating system to control the electricity consumption according to the
internal condition as to get the optimum energy consumption. All the systems
mentioned above can be included with a Building Management System (BMS) as

more convenient to the situation.

,.
N
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Chapter 3

METHODOLIGY

3.1 Methodology for case study

The research methodology for this case study is mainly based on the analization of
energy consumption for illumination system and HVAC system with day light
integration of the selected area of proposed Army Headquarter office. During the
stagers of calculation for illumination system, Dialux software is used. Internal
illumination level is maintained averagely as 300lux, wall to window ratio is changed

from 75% to 0% in 5% intervals for each calculation stagers.

During the stage of energy consumption for HVAC system, CLTD, CLF methods are
used. Thn came calerlatinn ctanare are dnne ac came methnd Hnr]e for the energy
consumptiof:f iminatiar syste Mnternal cond ition [ofi thied ing is maintained

in human \cearort zoneas ahtioned G ASIHRE stardards:

The following steps are followed during the case study in order to design the proposed

building models.

3.1.1 Collection of data

The collection of most relevant data is the most important part to obtain the

desirable solution. Following data are collected for continue with the research work.

o The construction details and the method of the building model. The
details of material to be used to construct walls, roof, floor, windows with
window glass. The wall thickness, roof angles, thickness of the floor concrete,
the colour code of internal painting are obtained separately. Since the selected
building area is a multi storied building, condition of the upper floor and under

floors are obtained.
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o The climatic details of the selected location and variation of the sun

path over the location.

o The grid coordination details such as latitudes and longitudes.

o The orientation of the building with respective to the north alignment.

o Inside illuminance level of existing building due to natural sun light.

o The details of the internal condition of office environment for human

comfort zone (ASHRAE stranded 55).
o The number of occupancy to be occupied in the building.

. The time duration for usual office working hours.

3.1.2 Calculation process

The selected building model is simulated in Dialux light building software with the
appropriate building properties. The north alignment is set according to the existing

building design. The location of the building is selected as Sri Jayawardanapura which

is already av , elected from the
Dialux cgwﬁa as sal the. fuminaires tQ be_used for buildi umination system
in prop 1d‘ovﬁ' complex; Mluminance e inside is selected
as 300 e or tile colours are

selected to improve the internal illluminance level. The climatic condition of the
location is selected as clean climatic environment. The time duration for calculation is

taken as usual office working hours from 0900 hours to 1700 hours.

The first stage calculation is done for a randomly selected date as 21.03.2011. During
the calculation wall to window ratio is reduced from 75% to 0% in 5% intervals in
order to calculate the power consumption for illumination system by maintaining the
internal average lux level as 300 lux. Obtained results are represented in graphical

format for analization.

Since the calculation done for randomly taken date is not given more convenient out
come for best wall to window ratio, calculations are done according to the sun path
over the location. In such situation the dates are inserted as 21.06.2011 and 21.12.2011

and calculations are done by Dialux software by reducing wall to window ratio as per
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the method mentioned above. Two different data pattern is received for the two dates
mentioned above and the average values of obtained results are taken for analization

to get more convention answer.

During the next stage, wall to window ratio is kept as 55% (the wall to window ratio
of existing building design) and calculation are done by changing the north alignment
by 45° intervals to get the best orientation of the building for the selected location.
Dialux software is used for the calculation and data are obtained according to the sun
path over the location. The average values of obtain results for two levels are taken for

analization to get more convention answer as same as done in above stage.

In the next stage, the condition of the building is improved by replacing existing
luminaires by more energy efficient LED luminaires and window glass are replaced by
low-e energy efficient window glass. The calculations are done by Dialux software
and data are obtained according to the sun path over the location. The average values
of obtai onvention answer
as done %}.}av
The calculatior F luminaires to be
used in the same building model to get comparison with software calculated values

and manual calculated values.

The power consumption for HVAC system is calculated by using CLTD, CLF
method. The same random date taken for power consumption calculation, for
illumination system is taken for power consumption calculation for HVAC system as
first stage. Properties of the building and the condition of the building and the time
duration are taken as same as the said above. Wall to window ratio is reduced from
75% to 0% as usual and power consumption for illumination system for the same time

duration is taken for the calculation.

The calculations are done in next stage, according to the same method mentioned
above as to sun path over the location. The average values of obtain results for two

levels are taken for analization to get more convention answer.
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All the calculations stages done to find the power consumptions for HVAC system is
done by developing the CLTD, CLF method in MS Excel work sheet which is able to

save more time during calculation stages.

During the next stage power consumption for HVAC system is calculated by keeping
wall to window ratio as 55% and changing the building orientation in 45° intervals
with north alignment in order to get the optimum power consumption for best building
orientation. The calculation are done according to the sun path over the location and
the average values of obtain results for two levels are taken for analization to get more

convention answer.

The energy efficient building model is develop with energy efficient LED luminaires,
low-e window glass and building enveloping with polystyrene layers for all the walls
which are subjected to heat transferring. Calculations are done as previous stages by
changir d variation of the
sun pat \é,sgl ocation. “The ‘averdge vatues of 'obtaift results for two levels are

taken for analiza!

The calculated average values for same stages of power consumption for illumination
system and HVAC system are added together for analization. The obtained values are
represented in graphical representation to obtain the optimization values for power
consumption against the wall to window ratio. The detail obtain as power

consumption are converted for energy consumption for farther calculation.

A financial evaluation is done to find the payback period for each building model by
calculating the energy bill for one month period. The lighting power density also
calculated for each building model and compared with the maximum lighting power
density values given by the Code of Practice for Energy Efficient Buildings in Sri
Lanka - 2008
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Chapter 4

MODLING FOR POWER CONSUMPTION; CASE STUDY FOR
PROPOSE ARMY HEADQUATER OFFICE

4.1  Selection of the building model

The Directorate of Engineer Services is one branch of proposed Army Headquarters
complex which suppose to be located in fourth floor of the complex. Stepping on to
the concept, one part of it was selected to do the case study for this research in order to
improve energy efficiency against the existing design while integrating day light for
illumination for office work and optimizing the thermal condition for comfortable

working environment with some practical modifications.

The Comple'té—' grrangement-of the Al b tH Gamplex shbwislin Appendix “A”. The
floor consisgmfn/ith the Directorate of Engrmeer Servrices and alt sub sections pertaining
to the Diréé{drate. The selected sub section is at bottom left most corner of the
Appendix “A” in pink colour. A enlarge version of selected section shows in Figure

212 and dimensions of the same are as follows.

Length -30m
Height -3 m
Width -15m
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Figure 4 1 Selected section from fourth floor

4.1.1 Condition of the selected building model

e selegted (model ware considerad.as constructed with cement hollow

blocks and',,vgi,h genaralcemeént plaster. Ftoor and roof were considered as made with
concrete and connected to ancther floor. Painting of all walls and ceiling were
considered as painted with white paint in order to get more positive approaches to

improve internal Lux level. Floor tiles colour was considered as more towards white
to get the same effect as mentioned above. The roof and the floor of the model were
considered as improved areas, during the calculations of heat load. A few windows
were available as Figure: 2.2 in one side of the building focusing towards east and the
total window area concerned against the wall area was about 55%. Assumed windows
were made with general materials with normal plan glasses. Orientation of the

building as located respective to the true North was 245°.

4.1.2 Geographical setup of the location

The geographical setup is concerned, the location Akuregoda, Pelawaththa locate
within the longitude 80.13° and latitude 6.10°. The time specification from GMT gets

5 hours 30 minutes deviation.
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Figure 4 2 Sun path over Sri Lanka

Source: www.gaisma.com

4.1.3 Sun path over the location

The Figurq_.'z'.gzlshows thesui bekaviok @Uer Sricl.anka ardlit avas considered for the
calculation:.‘géf,"daylight thtegration 'and-cobting 1oad. it changes the altitude between

21 June andEI December in every year.

4.2  Calculation methodology

The calculations done to analyze the power consumption were mainly focused to
illumination system and HVAC system. Initial calculations for both the system were

done in stagers and in last stage total consumption was evaluated to finalize solution.

4.3  The illumination system

The power consumption for illumination system was calculated with simulating in the
“Dialux 4.11” light building software for each stagers against the each W/W ratio.
Throughout the each calculation stagers day light integration was done to the existing
illumination system inside the building model. The selection of the relevant luminaires
was done from the “Dialux Plug-ins” and the details of the selected luminaire shows in

Figure 4.1. The condition of the building was maintained as it was and W/W ratio was

45



reduced from 75% to 0% in 5% intervals for each calculation. Throughout the
calculation W/W ratio was reduced from bottom of the window to top of the window.
This method was adopted because it causes to minimize the glare and discomfort of
the occupants. In order to maintain visual comfort of the occupant illuminace level
was maintained approximately within the range of “300 Lux” while integrating the

day light in to the simulation.

4.3.1 Details of the selected luminaire

The luminaire taken for the calculation is one of the most commonly used type for
office nature building illumination systems. This type has been proposed to use for the

internal illumination system of the proposed Army HQ complex.

Type: - Philips CR200B 4xTL5-24W HFP GT
Power: - 105 W

Luminous Flux (lamp);- 7000 Im

Lunﬁ?@us Flex (lJuminaire)+5110 Im

Figure 4 3 The selected luminaire

4.3.2 Consideration to the time duration for calculations

Throughout the calculations 5 time durations were selected in order to cover more
office hours in a working day as 0900 hrs, 1100 hrs, 1300 hrs 1500 hrs and 1700 hrs.

The calculation date was taken randomly as 21.03.2011.
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4.3.3 The enclosed model

At the initial stage of calculation, total building model was considered as enclosed
one. In such case Dialux software calculation was given as 35 luminaires required to
maintain approximate 300 Lux on the working plane. Keeping that figure as the base,
WI/W ratio was kept as 75% for first calculation and there after it was reduced to 0%
gradually as mentioned above. The windrow height was 2.25m at 75% W/W ratio with
compare to the building area and distance from floor level to window was 0.75m.

T15.00m
100% 100% 100% 100% 100% 100% 100%

100% 100% 100% 100% 100% 100% 100%

100% 100% 100% 100% 100% 100% 100%

100% 100% 100% 100% 100% 100% 100%

~0.00

«~

[ LQU;( 44 LUuMmingalre i'c,g'j QUL Pian

5 ATV
\ wm&#‘ J

4.3.4 The first stage calculation

The power consumed details for lighting system for the date taken randomly, i.e.
21/03/2011 were obtained with simulating the Dialux software as predict in the
table 41.
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Table 4 1 Power consumption for lighting ( W/W ratio Vs time)

W/W Power (W) consumed as Time variation

Ratio 0900 1100 1300 1500 1700

Hrs Hrs Hrs Hrs Hrs

75 0 735 1470 1470 2205

70 0 735 1470 1470 2205

65 0 735 2205 2205 2940

60 0 1470 2205 2205 2940

55 0 1470 2205 2205 2940

50 0 1470 2205 2205 2940

45 0 1470 2205 2205 2940

40 0 1470 2205 2205 2940

35 735 2205 2205 2205 3675

30 735 2205 2205 2940 3675

25 1470 2205 2940 2940 3675

20 1470 2205 2940 2940 3675

15 1470 2940 2940 3675 3675

10 2205 2940 3675 3675 3675

5 2940 3675 3675 3675 3675

0 3675 3675 3675 3675 3675

4000 —
. © Sl ——75
é@'{j‘; ; M B —&-70
e —h—65
2 2500 — —t0
% 2000 /,. /_ : - ——55
* 1500 o / /7/. ./ ——50
1000 / e 4 5
500 ) / / =40
Ny 3s
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 —+=30
Time Hrs Bl

Figure 4 5 Graphical representation of the data in Table 3.1

The each graph shows the power consumption for respective W/W ratio. In the same
way, area under each graph, gives Power (W) x Time (Hours) multiplication which

gives the energy (Joules) consumption for lighting for respective W/W ratio.

The graph of power consumption for lighting at 35% W/W ratio was taken as the
example for model calculation.
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Figure 4 6 Power consumption at 35% W/W ratio

Area = Y5(735+2205)x2 + 2205x4 + Y5(2205+3675)x2
= 17640 WHrs

Where; W= /s, Ws=1]

The Graph in Figure 3.4 donates the details for power consumption for lighting, for

the particular W/W ratio. In the same way, all the areas underneath of each graph of

Figure 3.3 were calculated separately and got the power consumption for lighting for

respective W/W ratio.

The same method was adopted and developed a formula in MS Excel work sheet in

order to calculate energy consumption for further calculation stagers.
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Table 4 2 Energy consumption for lighting as per the W/W ratio.

W/W | Energy | W/W | Energy

Ratio (kJ) Ratio (kJ)
75 34398 35 63504
70 34398 30 68796
65 47628 25 76734
60 52920 20 76734
55 52920 15 87318
50 52920 10 95256
45 52920 5 103194
40 52920 0 105840

Energy Vs W/W Ratio

120000

—a

T~
ﬁ\\

30 3577407745

100000

80000

60000

Energy (kJ)

40000

26800
o
.E,}

S W /W Ratio (%)

0 5 10 T15 720 745 50 5560 65 70 75 80

Figure 4 7 Graphical representation of data in Table 3.2

According to the graph above the energy/power consumption remain as same for
certain W/W ratios which can be identified from the graph as 75%, 70%, from 60% to
40% and from 25% to 20%.

4.4  Second stage calculation

The second stage calculations were done with the Lumon method to find the number
of luminaire need to obtain minimum 300 Lux in same office space. The Lumon
method is widely used in theoretical aspects fro illumination calculations. The output
of this method is more relevant, with compare to the other lighting calculation

methods.
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441 Lumon Method

Useful Lumens = Average illuminence x working area
=300x 30x 15
= 135000 lumens
Installed Lumens = Useful Lumens
UxM
Where; U: - Utilization Factor, M: - Maintenance Factor,

U =0.6, M = 0.8 for general office environment

Installed Lumens _ 135000
0.6x0.8
= 281250 Irn
. 281250
Selected luminaire -
7000
)i E dl | f’f:ﬁi HCJUS b ;1;‘U_! NOS
a0
As Dialux eafenlation N of Iufiiiies nbé

Note : As wall reflection factors and other illumination factors had been deeply
considered in simulating with Dialux software, it gives the optimum numbers of
luminaires to be used with compare to the Lumon method. Therefore it can be
concluded that Dialux software can be used for further calculation of the selected

building model.

4.4.2 Atsite readings

The illuminance level was measured in general climatic condition, inside a existing
building in order to check the accuracy of the calculated data. The Lux meter reading

was as follows.

e Date:01.12.2012
e North Alignment : 240°
e Distance to window, from reading point

Vertical = 0.75m; Horizontal = 0.75m
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Table 4 3 At site readings

Time(Hrs) | Reading(Lux) | Time(Hrs) | Reading(Lux)

900 16450 1330 570
930 21570 1400 520
1000 1850 1430 470
1030 1660 1500 440
1100 1560 1530 410
1130 1290 1600 380
1200 1080 1630 270
1230 820 1700 240
1300 700

4.4.3 Model comparison

The same building model considered to obtain above reading was imported to simulate
into Dialux software and the calculations were done for the same time duration. A
calculation point which was same to the place Lux meter kept was inserted to the
simulating model. The reading at calculation point of the Dilux output was taken into
conmderatu@v_'%'

Table 4 4 Simulated building model data at calculation point

Time(Hrs) | Reading(Lux) | Time(Hrs) | Reading(Lux)

900 17482 1330 661
930 22557 1400 613
1000 2119 1430 576
1030 1865 1500 544
1100 1606 1530 511
1130 1364 1600 471
1200 1143 1630 417
1230 951 1700 343
1300 780

The readings obtained from two methods were inserted into graphical mode to find the

comparability of each other.
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Figure 4 8 Model comparisons with graphical data

As the details of the two graphs predicted in Figure: 3.6 were not much visible to

identify the difference between each other, lower values were taken separately for
further reference.

7>, 1500
9 =¢=_Lux meter
x readin
3 1000 g
=i—Softweare
Value
500
0
9 11 13 15 17

Time - Hrs

Figure 4 9 Model comparisons with graphical data (lower values)

There were some deviations observed in the graphical patterns when comparing the
measured data and the calculated data. These nature deviations can be accepted when
it is considering with ground factors of selected location and factors included in

Dialux software during separate calculation.  With reference to those details, the
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assumption can be made as the measured data and simulated data are substantially
relevant to each other. Then the simulating details obtaining from Dialux software for
the selected building model can be used for the all stage calculations of this research

work.

45  Third Stage calculation

The same building model and the luminaire were considered and power consumption
to maintain 300 Lux was calculated by changing the North Alignment (NA) from 0° to
360° by 45° intervals. Throughout the calculations W/W ratio was maintain as 55%

which was complied with the existing situation.

Table 4 5 Power consumption Vs North alignment

North Power (W) consumed as Time variation
Alignment 900 1100 1300 1500 1700
Hrs Hrs Hrs Hrs Hrs
0 1470 2205 2205 2205 2205
S, 45 23085 QI RAogatuvazo 0 0
&5 b0 2205 Theoes 185 ) 0
n135 2205 2208 735 0 0
180 1470 1470 1470 1470 2205
225 0 1470 2205 2205 2940
270 0 1470 2205 2205 2940
315 0 1470 2205 2205 2940
360 1470 2205 2205 2205 2205

consumption.

Same method, mentioned in first stage calculation, was adopted to calculate energy

Table 4 6 Energy consumption Vs North alignment

North Energy | North Energy
Alignment | (kJ) Alignment | (kJ)
0 30429 225 26460
45 17199 270 26460
90 14553 315 26460
135 14553 360 30429
180 22491
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Figure 4 10 Graphical representation of data in Table 4.6

Note: - Even the North Alignment is changed, energy consumption remains as same
form 90° to 135%and from 225° to 315°. The Daylight factor remained unchanged with
respective to the North Alignment of the building hence the power consumption

remained as unchanged.

The calculaﬁﬁ tlong for-randoim date-alave, had oot giveinihe reasonable solution for
optimum enefgy consumption fonidesivabte W/W ratio. Therefore, all the calculations
were doiie accoirding o the sun path variation over Sii Laiika, which changes in
between 21.06.2011 and 21.12.2011 during the particular year concerned. The same

calculation method was adopted for every stages of calculation.

4.6  Fourth Stage Calculation

The same building model and the luminaire were considered for calculation during
this stage. In order to get the optimum solution, W/W ratio has been reduced from
75% to 0% in 5% intervals as did in earlier stages and power consumption for lighting
was calculated for 2 separate dates respectively as 21.06.2011 and 21.12.2011. In
addition to that extra calculation was done to 40% of W/W ratio because the critical

point of calculation was fund in between the particular area.
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Table 4 7 Power consumption for lighting Vs W/W ratio as 21/06/2011

WIW Power (W) consumed as Time variation

RATIO 900 1100 1300 1500 1700
Hrs Hrs Hrs Hrs Hrs

75 0 735 1470 1470 2205
65 735 1470 2205 2205 2205
55 735 1470 2205 2205 2205
45 1470 2205 2205 2205 2205
40 1470 2205 2205 2205 2205
35 1470 2205 2205 2205 2940
25 2205 2205 2940 2940 2940
15 2205 2940 2940 3675 3675
5 3675 3675 3675 3675 3675

0 3675 3675 3675 3675 3675

Table 4 8 Power consumption for lighting Vs W/W ratio as 21/12/2011.

WIW Power (W ) consumes as Time variation
Ratio 900 1100 1300 1500 1700
Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 2205 2940
& 65 Q 1478 k470 2208 2940
€78k 55 35 147Q 2205 2205 2940
';' 45 13R 1476 2205 2205 3675
40 1470 2205 2205 2205 3675
35 1470 2205 2205 2205 3675
25 1470 2205 2940 2940 3675
15 2205 2940 2940 3675 3675
5 3675 3675 3675 3675 3675
0 3675 3675 3675 3675 3675

The energy consumption was calculated using the same method. The

reduction of

WI/W ratio was done in 10% intervals during the calculations and that was changed to
5% intervals W/W ratio from 45% to 35% where as the critical point for W/W ratio

was found in between this range.

Table 4 9 Energy consumption Vs W/W ratio as to sun path.

WI/W Ratio-% 75 65 55 45 40
Date 21/06/2011 | 34398 | 52920 | 52920 | 60858 | 60858
21/12/2011 | 47628 | 47628 | 55566 | 58212 | 66150
W/W Ratio-% 35 25 15 5 0
Date 21/06/2011 | 63504 | 76734 | 89964 | 105840 | 105840
21/12/2011 | 66150 | 76734 | 89964 | 105840 | 105840
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Figure 4 11 Graphical representation of data in Table 4.9

Note:- Power consumption for lighting as W/W ratio changes in between the two lines

of the graph above for all circumstances through the year.

4.7  Fifth Stage Calculation

The W/W ratio was maintained throughout the calculation as 55%, and then the power

consumptigéfgias ohtained by changing.the North Alignment according the sun path.

Table 4 10 Power consumption for lighting Vs North Alignment as to sun path.

I_\Iorth Date Power (W ) consumed as Time variation
Alignment 900 Hrs | 1100 Hrs | 1300 Hrs | 1500 Hrs
0 21/06/2011 | 1470 2205 2205 2205
21/12/2011 | 3675 2205 2205 2940
45 21/06/2011 | 2205 2205 2205 1470
21/12/2011 | 3675 2205 2205 2940
90 21/06/2011 | 2205 2205 2205 735
21/12/2011 | 3675 2205 2205 735
135 21/06/2011 | 2205 1470 735 0
21/12/2011 | 2940 1470 0 0
180 21/06/2011 | 1470 735 0 0
21/12/2011 | 2940 0 0 0
995 21/06/2012 0 0 0 1470
21/12/2012 | 2940 0 0 2205
270 21/06/2013 0 0 1470 1470
21/12/2013 | 2940 1470 2205 2940
315 21/06/2014 0 1470 2205 2205
21/12/2014 | 2940 2205 2205 2940
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Table 4 11 Energy for lighting Vs North Alignment as to sun path

Energy(kJ) consumption
North Alignment 0 45 90 135
Date 21/06/2011 22491 | 22491 | 21168 | 11907
21/12/2011 27783 | 27783 | 23814 | 10584
North Alignment 180 225 270 315
Date 21/06/2011 5292 2646 7938 17199
21/12/2011 5292 9261 23814 | 26460
30000
25000 ™~ A
e
= 20000 \\ r,
—G— 15000 / ,
E / ——21/06/2011
* 10000 / —m—21/12/2011
5000
o}
0] 45 90 135 180 225 270 315 360
NORTH ALIGNMENT

5ilﬁfigure 4] ¢2 (Graphicallrepresefitatibns;ef tatagnJable 4.11

According to the above Figure, the power consumption for lighting laid in between

these two graphs for any given date of the year. Further it shows that the power

consumption does not change N/A in between 90° to 180° remarkably, as the other

areas show a considerable difference. Since the day light factor remained as same with

compare to the building orientation the energy consumption also will not be changed.

In order to obtain more convenient solution average values of the details given in

Table 3.10 was taken for further consideration.

Table 4 12 Average of the values in Table 3.10

North Alignment 0 45 90 135
Energy 25137 25137 | 22491 | 11245.5
North Alignment 180 225 270 315
Energy 5292 5953.5 | 15876 | 21829.5
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Figure 4 13 Graphical representations of data in Table 4.12.

According to the Figure 3.9 best orientation for the respective building model for

optimum energy consumption of lighting was obtained at 180°.

4.8

Sixth Stage Calculation

The north alignment of the building model was kept as 180° and other conditions were

maintained as same and the power consumption was calculated according to the sun

path. The Dialux software was used as same as in previous stages throughout the

calculation. fEhe average ittumination/\évelavasimaittainech as<300 Lux throughout the

calculation».‘g}f

Tablie_47 13 Power consumption for lighting Vs W/W ratio on 21/06/2011

W/wW Power (W) consumed as Time variation

Ratio 900 Hrs | 1100 Hrs | 1300 Hrs | 1500 Hrs | 1700 Hrs
75 1470 1470 1470 1470 2205
65 2205 2205 2205 2205 2205
55 2205 2205 2205 2205 2205
45 2205 2205 2205 2205 2205
40 2205 2205 2205 2205 2205
35 2205 2205 2205 2205 2940
30 2940 2940 2940 2940 2940
25 2940 2940 2940 2940 2940
15 3675 3675 3675 3675 3675
5 3675 3675 3675 3675 3675
0 3675 3675 3675 3675 3675

Table 4 14 Energy consumption for lighting Vs W/W ratio on 21/06/2011

W/W Ratio 75 65 55 45 40 35
Energy (kJ) | 44982 | 63504 | 63504 | 63504 | 63504 | 66150
W/W Ratio 30 25 15 5 0

Energy (kJ) | 84672 | 84672 | 105840 | 105840 | 105840
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Table 4 15 Power consumption for lighting Vs W/W ratio on 21/12/2011

W/W Power (W) consumed as Time variation

Ratio 900 Hrs | 1100 Hrs | 1300 Hrs | 1500 Hrs | 1700 Hrs
75 735 735 735 735 2205
65 735 735 735 735 2205
55 1470 1470 1470 1470 2940
45 1470 1470 1470 1470 2940
40 1470 1470 1470 1470 2940
35 1470 1470 1470 1470 3675
30 2205 2205 2205 2205 3675
25 2205 2205 2205 2205 3675
15 2205 2205 2205 2205 3675
5 3675 3675 3675 3675 3675
0 3675 3675 3675 3675 3675

Table 4 16 Energy consumption for lighting Vs W/W ratio on 21/12/2011

W/W Ratio 75 65 55 45 40 35
Energy (kJ) 26460 26460 47628 47628 47628 50274
W/W Ratio 30 25 15 5 0
Eneray (kJ) 68796 68796 68796 | 105840 | 105840
12000@;— e ’ i
10000@255 L3
80000

% 60000 \’_’_‘_\\
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Figure 4 14 Graphical representations of data in Table 4.15

Energy consumption for any particular day for the year concerned to be laid in

between these two graphs. The areas shown as energy consumption unchanged against

the W/W ratio occurs due to the constant Daylight factor.
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4.9 Seventh stage Calculation

In order to improve energy efficiency further, the existing luminaires were replaced by
more energy efficient luminaires and window glass was replaced with VISTACOOL
and SOLACOOL with sun gate 500 Low-E glasses. The calculations were done
simulating with Dialux software to find the power consumption for each W/W ratio.
Other conditions of the building were maintained as same.

Details of the luminaire
Type: - Philips CR 4343 W30L1201 x LED 88/830 AC - MLO

Power: - 77 W

Luminous Flux: - 6000 Im

Figure 4 15 LED luminaire
In the initial calculation stage a totally enclosed model was taken in to consideration.

According to the calculations the number of luminaires needed to maintain average

300 Lux was 30 in numbers. This result was taken as the base for further calculations.
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Table 4 17 Power consumption for lighting against W/W ratio on 21/06/2011

Power ( W) consumed as Time variation
Y 500 6t T 00 T 1800 ] 10D ey
Hrs Hrs Hrs Hrs Hrs
75 0 924 1386 1386 1386 31601
65 0 924 1386 1386 1386 31601
55 462 924 1386 1386 1386 33264
45 462 924 1386 1386 1848 34927
35 924 1386 1386 1848 1848 43243
25 924 1386 1848 1848 2310 48233
15 1386 1848 2310 2310 2310 59875
5 1386 2310 2310 2310 2310 63202
0 2310 2310 2310 2310 2310 66528

Table 4 18 Power consumption for lighting against W/W ratio on 21/12/2011

Power ( W) consumed as Time variation
P 500 6t T 00 T 180T T ey
Hrs Hrs Hrs Hrs Hrs
75 0 462 1386 1386 1848 29938
654 0 462 1386 1386 1848 29938
86 1o 024 1386 1386 1848 33264
55 W 024 1886 1386 | 2310 | 34927
35 462 1386 1386 1848 2310 43243
25 924 1386 1848 2310 2310 51559
15 1386 1386 2310 2310 2310 56549
5 2310 2310 2310 2310 2310 66528
0 2310 2310 2310 2310 2310 66528

Table 4 19 Energy consumption for lighting on 21/06/2011 and 21/12/2011

W/W Energy Energy | W/W | Energy | Energy
Ratio | (kJ)-06 (kJ)-12 | Ratio | (kJ)-06 | (kJ)-12
75 31601 29938 25 48233 | 51559
65 31601 29938 15 59875 | 56549
55 33264 33264 5 63202 | 66528
45 34927 34927 0 66528 | 66528

35 43243 43243
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Figure 4 16 Graphical representations of data in Table 4.18.

Note:- It was not given a remarkable different in between the two graphs above and
therefore it can be assumed the energy consumption was not changed much as to sun
path for the selected building model.
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Figure 4 17 Luminaire arrangement and Isolines W/W ratio at 0%

410 HVAC System

Power consumption for HVAC system was calculated with CLTD, CLF method
which is basically known as a hand calculation method. This method was more
suitable for step by step calculations which were done by reducing the W/W ratio to
find the power consumption for different levels. Since the design for HVAC system
was not much complex, the software available as eQUEST and ENER-WIN, were not

needed to get more feasible solutions. The CLTD, CLF method became more faster
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when it was formulated into a MS Excel work sheet. In the same way different stages
of calculation were included into separate sheets which were easier to pick up values

for further calculations.

4.10.1 Heat load calculation — CLTD, CLF Method

CLTD,CLF method was used for all the calculation stages as example given below.

Roof : Assume space above the roof as a conditions space since no heat transfer to the

room.

Roof =0W

Walls : CLTD (corrected) =(CLTD + LM) XK + (25.5 - TRg) + (To - 29.4)

Wall, g wa = UA X CLTD (correcteq)

ENE: - (2.36 W/m? K x 45m®) [(6+0)+1 CLTD + (25.5 - 24) C° + (32 - 29.4) C°]
=1072.62 W

SSE (chasy):- (2.36 W/m? K x 54m?) [(5-1.6) x 1 CLTD+(25.5 - 24) C°+ (32 - 29.4) C°]

= 9558 W
WSW??@Z.% W/RAKTROAEM?) [(B-543) o<1 IS LT D HP3B1194) C° + (32 - 29.4) C°]
== = 849.6 W

NINW: - (2.36 W/m” K x 90m”) {(4 - 1.1) x 1 CLTD + (25.5 - 24) C° + (32 - 29.4) C°]

= 1486.8 W
Total heat gain from walls =4364.82 W

Glass (conduction):- CLTDcorrecteqy = CLTD + (25.5 - tr) + (to - 29.4)

Glass (conduction) 0|(con =UA X CLTD corrected

Ocond =(5.85 W/m? K x 36 m?) [1 CLTD + 25.5 - 24) C° + (32 - 29.4)]
=1074.06 W

Glass - Solar A (SL) (SHGF) (CLF)

Gsor = 36m° x 1 x 347 W/m* x 0.38 = 4746.96 W

Internal Sensible load

People, gsen =N (SHG) (CLF)
Osen  =45X75W x0.05 =168.75 W
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Lights, q = (heat gain) (CLF) Input =W x ful x fsa
q light =0x09x1 =

=

Ventilation sensible heat gain (By pass) ¢ sen = 1.25 X Q - BF X (to - tr)
Qsen = 1.23x127.5wx0.1x(32-24) =125.46 W

Internal latent heat load
People, Q=N (LHG) (CLF)

Qlat =45x55W x 0.05 =123.75 W

Ventilation sensible heat gain (By pass) q ar= 3010 x Q x BF x (Wo - Wr)

Qe = 3010x127.5x0.1x (0.026 - 0.009) = 652.42 W
Ventilation sensible heat gain q sen =1.23xQx(1-BF)x(to-tr)
1129.14 W
;é‘“”’
V 'ti_lfa‘ﬁ?on t heat gain g 3010 x Q x (1 - I (Wo - Wr)
e 5871.75 W
The total cooling load = 18275 W ( cooling )
(Summation of all under lined values) = 62351 BTU/hr
=5TR

The selected A/C unit COP is 3.75, and therefore power consumption for calculated
stage:-
18275/3.75 = 4873.33 W ( electrical )

4.10.2 Second Stage Calculation

The same building model taken for energy calculations for lighting system with same
building conditions was taken into consideration throughout for this stage calculation.
The calculation date was taken as 21.03.2012 which was the same date taken for

lighting calculation.
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Table 4 20 Power consumption for HVAC system Vs W/W ratio

W/W Power (W) consumed as Time variation
Ratio 900 1100 1300 1500 1700
Hrs Hrs Hrs Hrs Hrs

75 6384 | 8230 8939 8673 8657
70 6203 | 7967 8670 8453 8483
65 6021 | 7703 8586 8419 8494
60 5840 | 7626 8317 8200 8320
55 5659 | 7362 8048 7981 8146
50 5477 | 7099 7779 7761 7972
45 5296 | 6836 7510 7542 7798
40 5114 | 6573 7241 7323 7624
35 5118 | 6496 6972 7104 7636
30 4936 | 6232 6703 7069 7462
25 4755 | 5969 6620 6850 7288
20 4573 | 5706 6351 6631 7114
15 4392 | 5628 6082 6597 6940
10 4581 | 5365 5998 6378 6766

5 4585 5287 5729 6158 6592
2 0 A588 5024 5460 5939 6418

The same method used to calculate the energy consumption in above stagers was

taken in to consideration during this stage also to calculate energy consumption for

HVAC system.

Table 4 21 Energy for HVAC system Vs W/W ratio

W/W | Energy | W/W | Energy
RATIO (kJ) RATIO (kJ)
75 120101 35 97013
70 116757 30 94335
65 115079 25 91657
60 112403 20 88313
55 109057 15 86302
50 105712 10 84291
45 102368 5 81947
40 99023 0 78934
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Figure 4 18 Graphical representations of data in Table 4.20.

It can be observed that the energy consumption for HVAC system changes gradually
from W/W ratio 0% to 75% as graph above. The maximum consumption of energy
was observed 75% of W/W ratio and minimum at 0%.

4.10.3 Third Stage Calculation

During th|s e calculation, Hie WMV £atio of thesame.building model kept as 55%

i fing load catculationranadhacother conditions of the building was kept
as same. North Alignment was changed from 0° to 360° in 45° intervals and power

consumption was calculated as follows.

Table 4 22 Power Consumption for HVAC system as to North Alignment

W/W Power (W) consumed as Time variation
Ratio 900 1100 1300 1500 1700
Hrs Hrs Hrs Hrs Hrs
0 5718 | 6692 7535 8025 8386
45 6174 | 7098 7727 8746 10982
90 6405 | 7366 8752 11608 | 13068
135 6430 | 7459 9100 11097 | 11890
180 5355 | 6484 7473 7733 7910
225 8890 | 10487 | 10264 | 9933 9858
270 | 10238 | 10665 | 10174 | 9897 9813
315 7987 | 8187 8571 8879 9137
360 5718 | 6692 7535 8025 8386
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The energy consumption was calculated with the same method and the following data

was received.

Table 4 23 Energy Consumption for HVAC system Vs North Alignment

North | Energy | North | Epergy
Alignment | (i 3y | Alignment | ()

0 105499 225 144206
45 115737 270 146743
90 134865 315 123117
135 132538 360 105499
180 101957
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140000 2 =

120000 ‘//"\\// \v

100000

80000

ENERGY (kJ)

60000
40000 —

20000 niverstty ot vioratawa St Lanka

G
s) 45 9d 133 180 225 278 kS 360 405

LA

NORTH ALIGNMENT

Figure 4 19 Graphical representation of data in Table 4.22

The consumption of energy for HVAC system varies significantly against the North
Alignment according to the above graph and optimum consumption observed at North
Alignment 180°. The exposed wall area to the solar radiation of the building was high
form sunrise to the sunset. Therefore more heat gain was developed inside the building

and the energy needed to maintain desirable thermal condition was increased.

4.10.4 Fourth Stage Calculation

During the fourth stage calculation the conditions of the building model were
maintained same and the power consumption for HVAC system was calculated
according to the sun path. The W/W ratio was changed from 75% to 0% in 10%

intervals as previous methods.
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Table 4 24 Electricity Consumption Vs W/W ratio as 21/06/2011

WIW Power (W) consumed as Time variation
Ratio 900 1100 1300 1500 1700
Hrs Hrs Hrs Hrs Hrs
75 3290 | 4483 5234 5434 5757
65 3307 | 4459 5193 5430 5613
55 3138 | 4250 4966 5241 5469
45 3155 | 4226 4740 5052 5326
40 3071 | 3961 4466 4796 5093
35 2987 | 4017 4513 4862 5367
25 3003 | 3808 4472 4858 5224
15 2834 | 3784 4246 4854 5264
5 3036 | 3760 4205 4665 5122
0 2952 | 3656 4092 4571 5050

Table 4 25 Electricity Consumption Vs W/W ratio as 21/12/2011

WIW Power (W) consumed as Time variation
Ratio 900 1100 1300 1500 1700

e Hrs Hrs Hrs Hrs Hrs
éﬂg 75 6829 9924 10384 9615 9099
g 05 6185 8974 9432 8854 8495
== 55 5725 8024 8664 8092 7890
45 5081 7075 7711 7330 7471

40 4944 | 6785 7235 6949 6889

35 4622 6311 6759 6569 6867

25 3978 5361 5991 5992 6263

15 3518 | 4597 5038 5416 5659

5 3245 3833 4271 4654 5054

0 2922 3358 3794 4273 4752

The energy consumption was calculated according to the usual method.

Table 4 26 Energy Consumption Vs W/W ratio as to sun path

W/W Ratio 75 65 55 45 40
Date 21/06/2011 141653 | 140701 | 135078 | 131458 | 124598
21/12/2011 272787 | 249111 | 227435 | 204428 | 193579
W/W Ratio 35 25 15 5 0
Date 21/06/2011 126499 | 124212 | 121921 | 120307 | 117495
21/12/2011 182754 | 161744 | 141404 | 121731 | 109892
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Figure 4 20 Graphical representation of data in Table 4.25

It is observed a significant variation of energy consumption in between the two
identical dates. The changers occurred in exposed area of the building for the thermal
radiation due to sun path has coursed the changers in energy consumption for HYAC
system. The energy consumption for any given date lies in between the two graphs

above.

4105 FiffffStage Calculatior

During this ;ét%ige calculation the W/W ratio was maintained as 55% and all other
conditions of the building model was maintained as same. The power consumption for

HVAC system was calculated against the sun path.
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Table 4 27 Power Consumption Vs North Alignment as to sun path.

Power (W ) consumed as Time variation

Al'i\émgm Date | 900 Hrs | 1100 Hrs | 1300 Hrs | 1500 Hrs
0 21/06/2011 | 5257 6534 7629 8145
21/12/2011 | 4739 5123 5937 6609
45 21/06/2011 | 4417 5404 6261 7717
21/12/2011 | 4183 4593 5311 6309
90 21/06/2011 | 4439 5361 6629 8640
21/12/2011 | 4941 5507 6818 8978
135 21/06/2011 | 3945 4708 5756 6664
21/12/2011 | 5015 5794 7914 10696
180 21/06/2011 | 3685 4467 5155 5446
21/12/2011 | 5249 6879 8755 8778
995 21/06/2012 | 4701 5537 5664 6143
21/12/2012 | 9080 9804 9067 9022
270 21/06/2013 | 7534 7669 7578 7418
21/12/2013 | 8684 8420 8066 8049
315 21/06/2014 | 6903 6914 7192 7438
21/12/2014 | 4828 4905 5344 5982

The energy consumption for the same system was calculated with the usual method.

Table4i28 Efiekgy, Vo NerthAdighment as4e ksun path

‘Wotth Aligamignt11d 0 45 90 135
Date 21106720110, TS24 63837 66706 56769
21/12/2011 60243 54541 69424 77627
North Alignment 180 225 270 315
21/06/2011 | 51073 | 59843 81805 76598
21/12/2011 | 81530 100519 | 89470 | 56357

Date
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0 45 90 135180225 270 315 360
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Figure 4 21 Graphical representations of data in Table 4.27



It is observed a considerable variation in between the two graphs of the above figure.

The changers occurred in exposed area of the building for the thermal radiation due to

orientation of the building has coursed the changers in energy consumption for HVAC

system. The energy consumption for the HVAC system, varies in between the two

graphs for any given date and building orientation of the particular year.

In order to obtain more desirable solution for further calculations the average values of

the data were taken in Table 3.27.

Table 4 29 Energy (Average) Vs North alignment as to sun path

North Alignment

0

45

90

135

Energy(Avg)

67677

59189

68065

67198

North Alignment

180

225

270

315

Energy(Avg)

66302

80181

85637

66477

Energy({kJ]

9@@00
46000
860
66000
50000
40000
30000
20000
10000

0

45

80 135 180
North Alignment

225

270 315

360

The graph in above figure shows the variation of energy consumption for average

Figure 4 22 Table 4 30Graphical representation of data in Table 4.28

values. According to that the minimum value is observed at North Alignment 45° and

maximum in North Alignment 275°.
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Chapter 5

ANALYSIS

5.1  Total energy consumption

5.1.1 Total energy consumption for first stage calculation

The summation of the energy consumption data of random date i.e. 21/03/2011 for
HVAC system and lighting system against respective W/W ratios were taken into

consideration in order to calculate the total energy consumption.

Table 5 1 Energy (Lighting + A/C) Vs W/W ratio (calculation done 21/03/2011)

W/W | Energy | Energy | Energy | W/W | Energy | Energy | Energy
RATIO | (kJ)Ligt | (kJ)AC | (kJ)Total | RATIO | (kJ)Ligt | (kJ)AC | (kJ)Total
75 17199 | 120101 | 137300 35 31752 | 97013 | 128765
70 A168Téity 18382k 30 343984 94335 | 128733
65 1150791~ 138893 29 38367 | 91657 | 130024
60 112403, |,,-138863 20 38367 | 88313 | 126680
55 109057 | 135517 15 43659 | 86302 | 129961
50 105712 | 132172 10 47628 | 84291 | 131919
45 102368 | 128828 5 51597 | 81947 | 133544
40 99023 | 125483 0 52920 | 78934 | 131854
160000
140000 — C—
120000
g 100000 —o—Eneray
§ 80000 (kJ)Ligt
& 60000 | +(EIST;\3CV
40000 F\; & Energv
20000 —r—— “"\W (kJ)Total
0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 /5 80
W/W Ratio (%)

Figure 5 1 Graphical representation of data in Table 5.1
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An enlarge view of the total energy consumption was taken separately for further

consideration.
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Figure 5 2 Enlarge view of the summation (Energy (kJ) Total)

It is observed in above graph, the minimum energy consumption receives at 40% of

WI/IW ratio. In the same way W/W ratio at 20% and 70% the graph shows significant

variation vyjft‘lﬂ\ff,gompare to-othier areasy 'Fhis itviation 'can-pel described with using the

ach graptt separately.

Table 5 2 Gradient of the each graph in Figure 4.1

W/W | Gradient | Gradient | Gradient | W/W | Gradient | Gradient | Gradient

Ratio ( Light) (AC) ( Total) Ratio | (Light) (AC) (Total)
75 0 1337.748 | 1337.748 35 -1058.4 | 1071.529 | 13.12941
70 -2646 671.1933 | -1974.81 30 -1587.6 | 1071.126 | -516.474
65 -1058.4 | 1070.521 | 12.12101 25 0 1337.345 | 1337.345
60 0 1338.151 | 1338.151 20 -2116.8 | 804.5042 | -1312.3
55 0 1338.151 | 1338.151 15 -1587.6 | 804.3025 | -783.297
50 0 1337.748 | 1337.748 10 -1587.6 | 937.6134 | -649.987
45 0 1337.748 | 1337.748 5 -529.2 | 1205.445 | 676.2454
40 -2116.8 | 803.8992 | -1312.9 0 21168 | 31573.51 | 52741.51
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Figure 5 3 Gradient of the graphs in Figure 5.1

The above figure shows the lowest values at W/W ratios 20%, 40% and 70% of all
three graphs. It says the rate of change of energy consumption for lighting and for AC
is less with compare to other W/W ratios. In the same way the summation of those
values hecame lower than the adiacent values. For further consideration those

remarkable gfeas forf Iowestgriadient shaH et taken as folloxvingtable.

== Tablé¢ B'3'\Compdtisor forfow energy consuming areas

W/W | Energy | Energy | Energy | Gradient | Gradient | Gradient
RATIO | (kJ)Light | (kJ)AC | (kJ)Total Light AC Total

75 34398 | 240203 | 274601 0 1337.748 | 1337.748
70 34398 | 233514 | 267912 -2646 671.1933 | -1974.81
65 47628 | 230158 | 277786 -1058.4 | 1070.521 | 12.12101
45 52920 | 204735 | 257655 0 1337.748 | 1337.748
40 52920 | 198046 | 250966 | -2116.8 | 803.8992 | -1312.9
35 63504 | 194027 | 257531 -1058.4 | 1071.529 | 13.12941
25 76734 | 183314 | 260048 0 1337.345 | 1337.345
20 76734 | 176627 | 253361 -2116.8 | 804.5042 | -1312.3
15 87318 | 172604 | 259922 -1587.6 | 804.3025 | -783.297

When comparing to the details at the Figure 4.4 and the Table 4.3, it shows the
changes of gradient at the W/W ratios from 70% to75%, from 35% to 40% and from
20% to 25% of the lighting graph as from “0” to some value, AC graph as small value
to high value and total energy consumption graph as from minus value to high positive
value. Further it says the energy consumption for lighting does not change with the

WI/W ratio but it changers with the energy for AC system comparatively to high value.
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That was observed within the particular range of W/W ratio internal light level
(daylight factor) was maintained as same but the thermal condition was increased. In
the same way the energy for lighting system was maintained in same value and the
energy for AC system was increased. According to that at the points of W/W ratio
20%, 40% and 70% the total value of the energy consumption for both the system was

less with compare to the adjacent value.

5.1.2 Total energy consumption for second stage calculation

The calculations done for the random date (21/03/2011) in previous stages were not
much convenient for a logical solution. Therefore calculations were done again for the
same building model according to the sun path variation over the selected location in

order to get some average result for optimum energy consumption for best W/W ratio.

Table 5 4 Total energy consumption as 21/06/2011

WAV .:lEnekgy forl. Energy
é""’g Ratio | “Lighting [tor HVAC
. 75 34398 141653 | 176051
o 65 52920 140701 | 193621
55 52920 135078 | 187998
45 60858 131458 | 192316
40 60858 124598 | 185456
35 63504 126499 | 190003
30 71442 120968 | 192410
25 76734 124212 | 200946
15 89964 121921 | 211885
5 105840 120307 | 226147
0 105840 117495 | 223335

Totad
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Table 5 5 Total energy consumption as 21/12/2011

W/\N En_ergy for Energy Total

Ratio Lighting | for HVAC
75 47628 272787 320415
65 47628 249111 296739
55 55566 227435 283001
45 58212 204428 262640
40 66150 193579 259729
35 66150 182754 248904
30 71442 172248 243690
25 76734 161744 238478
15 89964 141404 231368
5 105840 121731 227571
0 105840 109892 215732

The total energy consumption for the two separate dates are taken into a separate table

as mentioned below to continue with further calculation.

Table 5 6[Engrgyreansunptidoagainst YV/AY Ratigasito Sun path.

WMWY Energy Energy

e Ratio | (21/06/2011) | (21/12/2011)
75 176051 320415
65 193621 296739
55 187998 283001
45 192316 262640
40 185456 259729
35 190003 248904
30 192410 243690
25 200946 238478
15 211885 231368
5 226147 227571
0 223335 215732
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Figure 5 4 Graphical representation of data in Table 5.5

The total energy consumption for total system for any given date of any particular year

lays in between these two graphs. Therefore to get the optimum solution the average

values were taken as mentioned below.

Table 5 7 AWerage Vatues-ofEnergly tdnsumption again$t Wy Ratio as to Sun path.

WN\/ Energy Energy AVG

Ratio. 11(21106/2011)K (21/12/2011)
75 176051 320415 248233
65 193621 296739 245180
55 187998 283001 235499
45 192316 262640 227478
40 185456 259729 222593
35 190003 248904 219454
30 192410 243690 218050
25 200946 238478 219712
15 211885 231368 221627
5 226147 227571 226859
0 223335 215732 219533
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Figure 5 5 Graphical representation for Energy-Avg Vs W/W Ratio

Recommendation-01

It is observed that according to the above graph the best W/W ratio is 30% for the
selected building model with the existing orientation for optimum energy

consumption.

5.1.3 Total energy consumption for third stage calculation

During this stage thé totalenergy consdmptionwas calculated:for different orientation
of the buul(i% modelastimentioned ‘Gelow - The AW/Wdratiol was maintained as 55%

throughout the calcuiation.

Table 5 8 Energy (Lighting + HVAC) Vs North alignment as to sun path

I_\Iorth Date Engrgy.(kJ) Energy (kJ)| Energy
Alignment Lighting HVAC | (kJ) Total

0 21/06/2011 22491 75111 97602
21/12/2011 27783 60243 88026

45 21/06/2011 22491 63837 86328
21/12/2011 27783 54541 82324

90 21/06/2011 21168 66706 87874
21/12/2011 23814 69424 93238

135 21/06/2011 11907 56769 68676
21/12/2011 10584 77627 88211

180 21/06/2011 5292 51073 56365
21/12/2011 5292 81530 86822

995 21/06/2012 2646 59843 62489
21/12/2012 9261 100519 109780

270 21/06/2013 7938 81805 89743
21/12/2013 23814 89470 113284

315 21/06/2014 17199 76598 93797
21/12/2014 26460 56357 82817
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All the details received from above calculation are taken into one table as mentioned

below.
Table 59 Energy (summarized) Vs North alignment
North Alignment 0 45 90 135
Date 21/06/2011 97602 86328 87874 68676
21/12/2011 88026 82324 93238 88211
North Alignment 180 225 270 315
Date 21/06/2011 56365 62489 89743 93797
21/12/2011 86822 109780 113284 82817
ENERGY(As TO SUN PATH) Vs NORTH ALINMENT
115500 ’/’\
105500
S 95500 TN / \
R W f)v
S ——21/06/2011
?SB_Q_'Q'_; , SIAA 5 i ——21/12/2011
’55&— TReses- & LAss S
%%%QQ | 2
0 45 90 5 180 225 270 315 360
North Alignment

Figure 5 6 Graphical representation of Table 5.8

It is observed a significant different in between these two graphs for two different

dates. Therefore the average values of the data were taken to get more convenient out

come.

Table 5 10 Average values of data in Table 5.8
N/A 0 45 90 135 180 225 270 315
Energy(Avg) | 92814 | 84326 | 90556 | 78443 | 71594 | 86135 | 101513 | 88307
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Figure 5 7 Graphical representation of Table 5.9

Recommendation-02

According to the graph above, the best orientation for the optimum energy

consumptiogss 1807 for; the selected building model yyith the selected conditions.

5.1.4 TotakFenhergy'consumption'ferfourth stage calculation

In order to improve the energy efficiency of the entire building model the following

modifications were done.

1. The existing luminairs were replaced with Philips CR 4343 W30L1201
x LED 88/830 AC — MLO where as the numbers of luminars were reduced up

to 30 as to maintain 300 Lux.

2. A polystyrene layer between hollow cement block wall and cement
plaster were added where as the U value was improved from 2.36 W/W? C° to
0.59 W/W? C®.

3. The window glass was replaced with sun gate 500 (2) + clear Low E
glass where as the shedding coefficient was improved from 1 to 0.71 and U
value was improved from 5.85 W/m? C° to 1.75 W/m? C°.
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Energy consumption for lighting and HVAC systems were calculated with considering
all the modifications mentioned above for the random date (21.03.2011). The W/W
ratio was reduced from 75% to 0% during calculation. This building model was
referred as the improved model for further calculations also.

Table 5 11 Energy Vs W/W ratio for improved model

WIW Total Total WIW Total Total
Ratio |(21/06/2011)|(21/12/2011) Ratio (21/06/2011)| (21/12/2011)
75 120063 215863 25 122288 158958
65 116346 199067 15 133009 148409
55 114711 186437 5 134456 144110
45 113078 171724 0 135924 135711

35 119771 165341
220000
200000 _/./.
= 180000
=3 ‘: Y L\
RN ) ] — —— N ) »—Total Energy
%" @% , Clpor for 21/06
* 140000 WWW O Acas I=Total Energy
for21/12
120000 w—
100000
0 10 20 30 40 50 60 70 80
W/W Ratio %

Figure 5 8 Graphical representation of Table 5.10

Since there is a significant different between two graphs, the average values of the

data were taken into consideration for further calculations.

Table 5 12 Average values of data in Table 5.10

W/W Ratio 75 65 55 45 35
AVG 167963 157707 150574 142401 142556
W/W Ratio 25 15 5 0

AVG 140623 140709 139283 135817
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Figure 5 9 Graphical representation of Table 5.11
Recommendation-03

According to the graph above, the best w/w ratio for the improved building model is

0% for optimum energy consumption.

5.15 Tofajf;energy consumption.for. fifth stage calculation

According to the Recommendation-02 and Figure 4.7, the best orientation of the
building model is North alignment 180° for optimum energy consumption. Then the
North alignment of the building was kept as same and W/W ratio was changed from
75% to 0% in order to calculate the energy consumption for lighting system and
HVAC system. The same building model was taken for consideration and the

calculations were done base on the Sun Path over Sri Lanka.

Table 5 13 Energy Vs W/W ratio (North Alignment 180°)

WIW Total Total WIW Total Total
energy | energy

. energy | energy :
Ratlo | 21/06) | (21/12) | 2™ | (21/08) | (21/12)

75 185359 | 263543 30 204050 | 207498
65 201660 | 243751 25 200968 | 217603
55 194771 | 250466 15 220339 | 197811
45 187881 | 230677 5 213329 | 224405
40 184436 | 220782 0 209882 | 214512
35 184305 | 214201
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Figure 5 10 Graphical representation of Table 5.12

Since there is a remarkable deferent between two graphs, the average values of the

same was taken into consideration to get more convenient out come.

Table 5 14 Average value of data in Table 5.12

W/WeRatio 75 65 55 45 . b 40 35
AV@E 2244571 | 222706..222619.|. 209279 | 202609 | 199253
W/\ERatio 30 25 15 5 0
AVG 205774 | 209286 | 209075 | 218867 | 212197
230000
225000 /_/
220000 A /
= 215000
& d
£ 210000
205000
200000
195000

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
W/W Ratio

Figure 5 11 Graphical representation of Table 5.13



Recommendation-04

According to the graph above, it is observed the best W/W ratio is 35% at North
Alignment 180° in order to obtain the optimum energy consumption.

5.1.6 Model comparison

A model comparison was done for 3 building models on calculated data in order to

find the difference of energy consumption for each model.

Table 5 15 Comparison of each calculated model, Energy Vs W/W ratio.

W/wW Energy | Energy | Energy
Ratio | (kJ)Basic | (kJ)Best | (kJ)IMP
75 248233 224451 | 167963
65 245180 222706 | 157707
55 235499 222619 | 150574
45 227478 209279 .+ 1142401
35 219454 199253 | 142556
25 219712 209286 | 140623
15 221627 209075 | 140709
5 226859 218867 | 139283
0 219533 212197 | 135817
250000 /
230000
__ 210000
2 =—f—FEnergy
§ 190000 (kJ)Basic
3;: —@—Energy
170000 (kJ)Best
Energy
150000 (K)IMP
130000 !
0 10 20 30 40 50 60 70 &0
W/W Ratio{%)

Figure 5 12 Graphical representation of Table 5.14
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5.2 Evaluation

5.2.1 Power consumption for a month

The power consumption was calculated for one month period with following
assumptions. The office functioning duration was considered as 8 hours per working
day and 5 working days per week and Saturday as a half day. Then it was taken as

total 22 working days per month.

For the existing (basic) model with 55% W/W ratio;

Energy consumption per day (Table 4.6) = 235499 kJ
- . 235499 kJ
Electricity consumption per day = = 65.4 KWhr
3600 s
J kJ kwJ kJ
Where: W=— KW = — kWs= kJ, —_— = —— = kWhr
S S 3600s 3600
Per f@onth 7162412201 51489 L KWHE
M 2
%o
For i'd?'i-ie'existing (basic) modeFwith-30% W/W ratio;
Energy consumption per day (Table4.6) = 218050 kJ
- . 218050 kJ
Electricity consumption per day = = 60.5 kWhr
3600 s
Per month =60.5x 22 = 1332.5 KWhr

For the improved model (LED + envelop + Low E Glass) with 0% W/W ratio

Energy per day = 135817 kJ
- 135817 kJ
Electricity per day = = 37.7 KWhr
3600 s
Electricity per month =37.7x22 =829.9 KWh
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For the best W/W ratio with best orientation model with 35% W/W ratio

Energy per day = 199253 kJ
o 199253 kJ
Electricity perday = = 55.3 kWhr
3600 s
Per month =553x22 =1217.6 KWhr
5.2.2 Cost per Month
Table 5 16 Cost for electricity for a month
Power Factor :- 0.9
Cost per Unit :- Rs.19.40
Cost per KVA :- Rs.850/=
Fixed Charge :- Rs.3000/=
Building |wmw | "e" Chargers (Rs) Total
Model Ratio month Average (Rs)
(kWhrs) Units M' Demand | Fixed
Basic 55% 1439.1 65.4 27918.54 61766.67 3000 92685.21
Basic 30%?_ 18325 605 258505 S5H1I38:89 3000 85989.39
Improved | 0% | 8299 R7.Y 16100.06 36605.56 3000 54705.62
Best 35% . | 12176 ans 23621.44 52227.78 3000 78849.22

5.2.3 Payback period

Construction cost for Basic model with 55% of W/W ratio = Rs. 13,279,156.77
Construction cost for Basic model with 35% of W/W ratio = Rs. 13,210,857.42
Construction cost for Basic model with 30% of W/W ratio = Rs. 13,195,282.52
Construction cost for Improved model with 0% of W/W ratio = Rs. 16,050,752.90
For calculation point of view following construction rates were considered

Square foot rate for basic construction type = Rs. 2200.00

(Source: Design Branch Directorate of Engineer Services Army Headquarters)
Cost per luminaire - Florescent type = Rs. 62300.00

(Source: Philips luminaire local argent- Hayleys)

Cost per luminaire - LED type = Rs. 158400.00

(Source: Philips luminaire local argent- Hayleys)
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The calculations done above represent the following details:

1. The energy efficient model i.e. 30% W/W ratio model can be constructed to a
less construction cost with compare to the basic model i.e. 55% W/W ratio model.
Therefore the payback period is no need to be considered. In the same way the
modification to the existing building model to improve the energy efficiency, i.e. to
construct as a 35% W/W ratio model, can be done into a lesser price with compare to
the 55% W/W ratio model. Therefore the payback period is no need to be considered.

2. The construction cost of the improved model is higher than the construction
cost of existing building model i.e. 55% W/W ratio model. Therefore the payback

period shall be calculated as follows;

The construction cost deference between the two models
= Rs. (16,050,752.90 - 13,279,156.77)

e
NPAac arant ‘hatvwaen thea'cnarcns hillé
Neeas! ( : :
3 -~
)
\ y.

5.62)

To calculate the simple payback period
=2,771,596.13 / 37979.59
=73
=73/12(1Year)
=6 Years

The total payback period for this particular model is 6 years.
More over the Code of Practice for Energy Efficient Buildings in Sri Lanka — 2008

has not offered any descriptive details for maximum power density for HVAC system

for the building types as mentioned on table above.
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5.2.4 Comparison for the LPD for each building model

For the existing building model:
The optimum energy consumption was received at W/W ratio 30%
Energy consumption for illumination system = 71442 kJ (W/W ratio 30% avg)
= 71442000 J
The time duration taken for calculation =8 Hrs (8 x 3600 = 28800 s)
Where as; W = J/s,
Total Power consumption for illumination system = 71442000 + 28800

= 2480.6 W
The building area =30m x 15m

= 450 m*
Therefore, the LPD =2480.6 + 450

=5.5 Wm™

For the basic building model:

The optimumienergy dorsairtptionowas/recgivadvat. VAW Iratio!35%.
Energy g;%sumption for-‘titumination systerm '=-58212'kJ (W/W ratio 35% avg)
Therefore, the LPD = 4.5 Wm*

For the improved building model:

The optimum energy consumption was received at W/W ratio 0%.
Energy consumption for illumination system = 66528 kJ (W/W ratio 0% avg)
Therefore, the LPD =513 Wm™

According to the Code of Practice for Energy Efficient Buildings in Sri Lanka — 2008
the LPD for office is 10.8 W/m?. The case study has offered significantly lower values

for each building model for LPD.

More over the Code of Practice for Energy Efficient Buildings in Sri Lanka — 2008
has not offered any descriptive details for maximum power density for HVAC system

for the building types as mentioned on table above.
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Chapter 6

ANALYSIS FOR OTHER LOCATIONS

6.1 Power consumption for illumination

The same calculation method was conducted to find the most reasonable W/W Ratio
of the same building model for optimum energy consumption as it applicable to all
areas of Sri Lanka. During the calculations the values of the Latitudes and Longitudes
of the different locations were taken into consideration. Those values were inserted to
Dialux software and W/W Ratio was calculated for same building model with same
orientation, in order to maintain the average illuminance level minimum 300 Lux

inside the building. In such case following results were obtained.
Jaffna Lat:- 9.75 & Long:- 79.95

Table 6 1 Power consumption for dighting against W/AW ratio for building model at
Gl ) Jaffa

== Power ' Wy consumed as Time variation

WIW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs

75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675

5 3675 3675 3675 3675 3675
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Mannar Lat:- 8.96 & Long:- 79.9

Table 6 2 Power consumption for lighting against W/W ratio for building model in

Mannar

Power ( W) consumed as Time variation

WIwW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675

5 3675 3675 3675 3675 3675

Mullativu Lat:- 9.26 & Long:- 80.81

Table 6 3 Power consumption for lighting against W/W ratio for building model in

NitHativu
éf% Power ( WFPeorisumead as' Fime’variation
=EW/\W 200 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675
5 3675 3675 3675 3675 3675
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Trincomalee Lat:- 8.5 & Long:- 81.23

Table 6 4 Power consumption for lighting againstW/W ratio for building model in

Trincomalee

Power (W) consumed as Time variation

W/wW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675
5 3675 3675 3675 3675 3675

Anuradhapura Lat:- 8.35 & Long:- 80.38

Table 6 5 'P0wer consuviptionyfar lighting agaist WA atie for building model in

a

=

Antraditapdra

Power ( W) consumed as Time variation

W/IW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675
5 3675 3675 3675 3675 3675
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Puttalam Lat:- 8.03 & Long:- 79.83

Table 6 6 Power consumption for lighting against W/W ratio for building model in
Puttalam

Power (W) consumed as Time variation
WIW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs

75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675

5 3675 3675 3675 3675 3675

Kandy Lat:- 7.2 & Long:- 80.63

Table 6 ;;Swer constmption-for fighttng again3twW AN/ ratio>for building model in
— Kandy

Power (W) consumed as Time variation
WIW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs

75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675

5 3675 3675 3675 3675 3675




Rathnapura Lat:- 6.66 & Long:- 80.38

Table 6 8 Power consumption for lighting against W/W ratio for building model in

Rathnapura

Power (W) consumed as Time variation

WIW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 | 2205 2205 2205 2940
35 1470 | 2205 2205 2205 3675
25 2205 | 2205 2940 2940 3675
15 2205 | 2940 3675 3675 3675

5 3675 | 3675 3675 3675 3675

Badulla Lat:- 6.98 & L.ong:- 81.05

Table 6 9%wer constimption-for ghting-against W/ W ratio for building model in

— Badulla

Power (W) consumed as Time variation

WIW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 | 2205 2205 2205 2940
35 1470 | 2205 2205 2205 3675
25 2205 | 2205 2940 2940 3675
15 2205 | 2940 3675 3675 3675

5 3675 | 3675 3675 3675 3675
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Batticalo Lat:- 7.72 & Long:- 81.7

Table 6 10 Power consumption for lighting against W/W ratio for building model in

Batticalo

Power (W) consumed as Time variation

W/wW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675
5 3675 3675 3675 3675 3675

Galle Lat:- 6.05 & L.ong:- 80.2

é"’a

Table 6 11_»{?%wer consumptiofr for frghtingagaimst AW/ ratie for building model in
Galle

Power (W) consumed as Time variation

W/W 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs

75 0 1470 1470 1470 2940

65 0 1470 2205 2205 2940

55 735 1470 2205 2205 2940

45 1470 | 2205 2205 2205 2940

35 1470 | 2205 2205 2205 3675

25 2205 | 2205 2940 2940 3675

15 2205 | 2940 3675 3675 3675

5 3675 | 3675 3675 3675 3675
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Matara Lat:- 5.93 & Long:- 80.53

Table 6 12 Power consumption for lighting against W/W ratio for building model in

Matara

Power (W) consumed as Time variation

W/wW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675
5 3675 3675 3675 3675 3675

Hambantota Lat:- 6.21 & Long:- 81.02

Table 6 13'Power consomption for lightinglagainst- WA #atiofor building model in

=

Hambantota

Power ( W) consumed as Time variation

W/IW 900 1100 1300 1500 1700
Ratio Hrs Hrs Hrs Hrs Hrs
75 0 1470 1470 1470 2940
65 0 1470 2205 2205 2940
55 735 1470 2205 2205 2940
45 1470 2205 2205 2205 2940
35 1470 2205 2205 2205 3675
25 2205 2205 2940 2940 3675
15 2205 2940 3675 3675 3675
5 3675 3675 3675 3675 3675
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6.2 Recommendation

According to the obtained results as shown above, the power consumption for lighting
of all the areas are same. In the same way, without doing further calculation an
assumption can be made as the power consumption for AC also same for the selected
building model. Therefore, the best W/W ratio for optimum energy consumption will

not be changed according to the area concerned in Sri Lanka.
6.3  Calculation to find best W/W ratio for other areas
The best orientation for the same building model was calculated as did it in initial
stage. During the calculation W/W ratio maintained as 55% and the condition of the
building maintained as same. The table 5.15 shows the variation of energy

consumption for respective North Alignment.

Table 6 14 Energy consumption vs North Alignment as to sun path

amiorth Alignment |~ 0 45 90 135
Energy 21106 | 218932 1206929° 225367 | 200172
= Energy 21/12 208596 | 191036 | 235529 | 245746
North Alignment | 180 225 270 315
Energy 21/06 194771 | 204370 | 251576 | 222015
Energy 21/12 250466 | 285461 | 261850 | 197677

300000

280000 A

260000 / X
240000 A

/ k == Energy -21/06
220000

== Energy -21/12

Energy kJ

200000

180000

0 100 200 300 400
North Alignment

Figure 6 1 Graphical representation of Table 5.14
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In order to obtain a more convenient value the average values or the above details

were taken into consideration.

Table 6 15 Average values of the data in Table 5.14

North Alignment 0 45 90 135
Energy Avg 213764 | 198992 | 230448 | 222959

North Alignment 180 225 270 315
Energy Avg 222619 | 244915 | 256713 | 209846

260000
250000 A
240000 7\

'?;D 230000 /\_// \\
$ 220000

w
210000 / \
200000 \/

190000

0 45 90 135 180 225 270 315 360
North Alignment

Figure' 6 2 Graphicalrepresentation of Table 5.15

Recommendation:

According to the graph in Figure 5.2, the best orientation for the buildings in other

areas of Sri Lanka is observed as North Alignment 45°.

Maintaining the North Alignment as 45°, the calculations were done to find the best
WI/W ratio for the other areas of Sri Lanka. The same building model was considered
for the calculation and the condition of the building was maintained as same. The Table

7.3 shows the variation of energy consumption for respective W/W ratio.
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Table 6 16 Energy consumption Vs W/W ratio as to sun path

W/W | Energy | Energy
Ratio | 21/06 | 21/12
75 216610 | 183103
65 206809 | 190270
55 206949 | 190800
45 203773 | 191334
35 193970 | 188555
25 197422 | 198838
15 197560 | 209498
5 217576 | 216657
0 211021 | 213608
220000
) 4

215000 f
210000 %

205000

200000

Energy kJ

195000

480000+ larversiie o Ao

=@=Energy - 21/06
Energy - 21/12

0 10 20 30 40 50 60 70 80
W/W Ratio %

Figure 6 3 Graphical representation of Table 5.16

Table 6 17 Average values of the data in Table 5.16

W/W Ratio 75 65 55 45 35
Energy - AVG | 199857 | 198539 | 198874 | 197554 | 191263
W/W Ratio 25 15 5 0
Energy - AVG | 198130 | 203529 | 217117 | 212314

99



220000
215000

//\
210000 N\

2 \

205000
& N
2 200000 //._./H
w \

195000 v

190000

185000

0 10 20 30 40 50 60 70 80

W/W Ratio %

Figure 6 4 Graphical representation of Table 5.17

Recommendation:

According to the graph in Figure 5.4, the best W/W Ratio for the buildings in other

areas of Sri Lanka to obtain optimum energy consumption is 35 %.
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Chapter 7

DISCUSSION

This research was mainly focused on the energy optimization. The proposed defense
head quarter complex at Baththaramulla was taken as case study. The illumination
system and the HVAC system were taken into consideration because these two sectors
are identified as the most energy consuming sectors in most of the building concerned.
As all the office functions are taken place in day time, the large portions of electricity
bills are paid for day time consumption. The total electricity bill is concerned major
part pays to the illumination system and HVAC system, with compare to the other
electrical consuming units. Therefore the all calculations done throughout the research

work are mainly focused to the day time.

The Dialllv cnfhwware wace 1icad tn An ealenilatinn for the linhtina svstem. So that’ the

luminaries afr héentapdsihe odmiderrafuuwainaiies] neadie the building for
particul ‘:ih@.ﬁgt entGvag dedided by the seftware HoWeVEr; lection of type of
|umina| ?fk.r-:!»‘x' FAYAad Yaeteriitah e ey -AFF 3 according to the

personal preference. Moreover, the internal arrangement of furniture and other
equipments, and the internal building arrangement were also not considered during the
calculation stage. In order to enhance the concept of energy efficiency, the colour of
the ceiling, walls and floor were selected as appropriate. The windows were
considered as frame less, because at the initial calculation it was found that there were
no different for daylight intake in between frame less windows and with frame
windows. The glasses of the windows were taken as basic window glass for the major
calculations because it was needed to commence from the most basic stage. The basic
illuminance level was taken as 300 lux , as input to the software, but the equal
distribution of the illuminance level was not obtained. The pattern of illumination
distribution shows in iso lux curves and value charts in Appendix A. However with
some additional modification to the riffed design the Lux level can be made distribute
to more equal up to desirable level. In the same time the glare prevention action can be
considered in the most suitable way appropriate to the selected designed. In addition to

that, the building inside arrangement can be improved further with adding furniture,
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column arrangement and other additional accessories. With all those improvements
the output to the calculations would have to be more desirable with compare to the
already obtained product. Sometimes the luminary arrangement can be improved
more, with user define method in the software. The angle and the positioning of the
luminaries can be changed to enhance the concept of equal distribution of lux level, by

focusing the luminaries to low illuminated areas.

The HVAC system considered throughout the calculations was focused only to the
capacity of selected building model. It was a split type unit and not a centralized
chiller system. But for the energy evaluation nature works the selected system is far
enough to consider. Even though the internal unit arrangement of the whole system
was not accounted deeply the same was based on the assumptions made. The energy
evaluation mainly based on the manual calculation method such as CLTD, CLF
method in fact of software based calculation. The software wildly used for HVAC
system evaluation as EnerWin and Equest were not given desirable solution to
calculai ne HVAC system
used fo a@ﬁap‘ ork was wildly avaifabte in'the market, but there are more energy

\ v 1
efficient systems lab]

The work done here can be improved further with getting consideration to the
additional techniques and concepts towards the energy saving. Mainly the energy
saving can be improved with good conduct of employees and with enforcing more
rules basically on equipment handling. Sometimes that is may not be possible for most
of the organizations and it may be an additional burning for the employees also. BMS
gives the total solution for these nature establishments as it can avoid the individual

handling of equipments which involves serving more energy.

Being a tropical country Sri Lanka gets more solar radiation throughout the day. As
same as that the solar gives lots of energy generation opportunities, it will cause the
increase of internal thermal condition of the building. Sometimes the basic methods
can be used to prevent the entering of solar radiation into the building such as using of
curtaining and vertical blinds. Tinting of glass also is one of the method used to serve

energy in most of the building glasses. Specially the windows need to be improved
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towards passive solar buildings concept in tropical countries. The motorized louvers
also can be used more effectively to improve the energy efficiency of buildings. Other
than those technical approaches the concept of green building also involves to serve
energy from usual consumption. In the same way building internal colour cord gives
considerable participation towards maintenance of internal illumination level. Other

way around it involves serving energy to be used for lighting system.

The HVAC system also can be installed with VAVS and VSD run systems as it serve
more energy than usual system. Further, HVAC systems have been improved as
hybrid systems integrating with solar energy and electrical power to improve energy
efficiency. Even This technology is not widely use in Sri Lanka some countries use
them effectively in their building services systems.

According to the research work, it was found that the most energy efficient building

models were obtained as total enclosed model with LED luminairs based on the

buildin: 1 solar radiation,
according ngt(. ygraphical situatioh, the construction-¢ost of total system was
compar "vél‘gf"r*' han other models, T} ! bacl | was not logical
within desirabl lesigning stage of

such system with compare to the back ground need to be maintained as energy saving

or cost minimizing.

The Code of Practice for Energy Efficient Buildings in Sri Lanka — 2008 has offered
the criteria for maximum allowable power for illumination systems for different types
of buildings. The classification of buildings have been done on the general type of
using and the lighting power density has been given as W/m? against the each type of

building area.

According to the Table 1 2 the maximum lighting power density (LPD) for the
illumination system of office type building is 10.8 Wm™ . However at the analization
stage it shows that the LPD of all the building model taken for the case study, are

significantly lower than the maximum allowable limit given in the building cord.
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Chapter 8

CONCLUSION

The concepts on energy conservation, energy efficiency and energy saving have been
taken special attention by all the countries in the world. Depletion of available fossil
fuel energy sources and the increase of global warming and its bad effects on global
setup happened to be the main reasons to implement these concepts. These are applied
for all energy related fields and special concerned has been given for energy usage in
building sector as it consumed considerable amount of energy with compare to other
sectors. Accordingly concept on energy efficient building has been implemented

worldwide.

However, it can be seen in Sri Lanka the concept of improvement of energy efficiency

iS not annl\linn nncitivvalhy The main attentinn hac hean aiven tn imnrove Architectura'

view of the b igshat the 1 testgningostape vand fass latiention has been given on
applica m%ﬁeﬁ gy effidiendy improviementLwithising Quai climatic benefits.
The me ydotot of thid receareh 'eany hes: 1struction process

to enhance the energy efficiency of the buildings. As Sri Lanka locates in tropical
zone, natural sunlight can be obtained for nearly 12 hours per day during the whole
year. This situation can be taken as a benefit to integrate day light to the internal
illumination system of the buildings. However application of this concept may tend to
increase of internal heat load of the building. Therefore additional amount of energy
may be needed for HVAC system to maintain thermal comfort as desirable. The
energy need to maintain the conformability for both the systems can be optimized with
proper calculation process. As this process is mainly depending on the wall to window
ratio of the building, the best wall to window ratio is calculated for different building

models to optimize energy consumption during the research.

This research work is focused to the building suppose to be located the Directorate of
Engineer Services in proposed Army Head Quarter complex. In the first stage, the best
wall to window ratio is calculated for the existing condition of the selected building

model. Then the best orientation for optimum energy consumption is calculated for
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existing building conditions as second stage. During the third stage the best orientation
with best wall to window ratio is calculated for the same building model for optimum

energy consumption.

The existing condition of the building is developed by replacing the illumination
system with energy efficient LED luminaires and window glasses with Low-E energy
efficient glasses. Walls of the building are improved by developing the building
envelop to improve the thermal conditions. Then the best wall to window ratio and
best orientation for the improved building model is calculated to optimize the energy

consumption.

All the calculations in each stage is done according to the sun path variation over the
location in order to get the most convenient solution. In addition to that he LPDs are
calculated for each building model and it is proven that the calculated values are

significantly lower than the maximum values authorized by Sri Lanka Sustainable

Energy
The construetion f each building mod Iculated ly and it is found
that the str nsiderably lower

than the existing building construction cost.

Different technologies exist in modern world to improve energy efficiency in
buildings. Most of them are high cost involving projects. Therefore it is doubted that
the possibility of implementing such technologies in Sri Lankan building engineering.
In facts that, applying the methodology in the research work the energy efficiency of
the building can be improved by giving the attention in designing stage without

involving additional cost.
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Appendix A:  Sample Calculations of Dialux Software

Figure A.1: 3D Arrengment of luminaire in selected building model

T15.00m
100% 100% 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100%
100% 100% 100% 100% 100% 100% 100%
) 000
[ |
0.00 30.00 m

Figure A.2 : Luminaire arrangement and illumination level W/W ratio at 0%

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°,
North deviation: 245.0°

Date: 21.03.2011, Time:09:00:00 (+5 hours difference to GMT)
Reference sky type: Clear sky
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Figure A.3- Isoline arrangement

Photometric results
Total Luminous Flux:
Total Load:

Light loss factor:
Boundary Zone:

178850 Im
3675.0 W
0.67
0.500 m
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Figure A.4: Luminaire arrangement and Value Chart W/W ratio at 0%

Val

ues in Lux, Scale 1 : 215

30.00 m
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Figure A.5: Luminaire arrangement and illumination level W/W ratio at 5%

Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°,
North deviation: 245.0°

Date: 21.03.2011, Time:09:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.6: Luminaire arrangement and Isolines W/W ratio at 5%

Photometric results

Total Luminous Flux; 143080 Im
2940 W

Total Load:

Light loss factor:

Boundary Zone:

0.67

0.500 m
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Figure A.7: Luminaire arrangement and Value Chart W/W ratio at 5%
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Figure A.8: Luminaire arrangement and illumination level W/W ratio at 75%

Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.03.2011, Time:09:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A 9: Luminaire arrangement and Isoline arrangement W/W ratio at 75%

Photometric results
Total Luminous Flux: 01Im

Total Load: 0.0WwW
Light loss factor: 0.67
Boundary Zone: 0.500 m
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Figure A.10: Luminaire arrangement and illumination level W/W ratio at 65%

Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.06.2011, Time:15:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.11: Luminaire arrangement and illumination level W/W ratio at 65%

Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.12.2011, Time:15:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.12: Luminaire arrangement and illumination level W/W ratio at 65%

Scale 1:215
Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.06.2011, Time:15:00:00 (+5 hours difference to GMT)
Reference sky type: Clear sky
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Figure A.13: Luminaire arrangement and illumination level W/W ratio at 55%
Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.06.2011, Time:09:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky

g2 3600 3600FAAr 3600 00 15.00 m
LA e - - 18000 —
1800& =
w4 18000———18000—— 18000 1800018000
== T2 gU 120U [T494Y)
e 3600
=
3600 3600 3600
O O O O O O
O O O O O O
a O a a a a
" . 000
0.00 30.00m

Figure A.14: Luminaire arrangement and illumination level W/W ratio at 55%

Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.12.2011, Time:09:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.15: Luminaire arrangement and illumination level W/W ratio at 55%

Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.06.2011, Time:17:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.16: Luminaire arrangement and illumination level W/W ratio at 55%
Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.12.2011, Time:17:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.17: Luminaire arrangement and illumination level W/W ratio at 35%
Scale 1: 215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.06.2011, Time:09:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.18: Luminaire arrangement and illumination level W/W ratio at 35%
Scale1:215

Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.12.2011, Time:09:00:00 (+5 hours difference to GMT)

Reference sky type: Clear sky
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Figure A.19: Luminaire arrangement and illumination level W/W ratio at 35%

Scale 1: 215
Daylight parameters:
Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°

Date: 21.06.2011, Time:17:00:00 (+5 hours difference to GMT)
Reference sky type: Clear sky
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Figure A.20: Luminaire arrangement and illumination level W/W ratio at 35%
Scale 1: 215
Daylight parameters:

Location: Sri Jaywardanapura, Longitude: 80.13°, Latitude: 6.10°, North deviation: 245.0°
Date: 21.12.2011, Time:17:00:00 (+5 hours difference to GMT)
Reference sky type: Clear sky
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Appendix B: Cooling Load Temperature Difference for Calculating Load from Flat roof

0f 29.4°C and an outdoor daily range of 11.6°C
* Solar radiation typical of 40 deg North latitude on July 21
* Outside surface resistance. R, = 0.059 m?-°C/W
* Without and with suspended ceiling, but no attic fans or return air ducts in
suspended ceiling space
¢ Inside surface resistance, R; = 0.121 m?-°C/W
() Adjustments to Table 5 Values:
The following ion makes adj
solar conditions from those listed in (1) above.

CLTD¢orr = (CLTD + LM) * K + (25.5 — Tg) + (T —29.4)] » f

PR

for

of design and

where CLTD is from this table

@) LM is latitude-month correction from Table 9 for 2 horizontal sur-
face.

®) Kis a color adjustment factor and is applied after first making

month-latitude adjustments. Credit should not be taken for a

26.8 CHAPTER 26 1985 Fundamentals Handbook
TableS Cooling Load Temiperature Differences for Calculating Cooling Load from Flat Roofs’
S L e YN TR S e
of
’ U-value, Maxi- Minb Maxt: DX
Roof Description of Mass, w/ Solar Time, b WO e mam o
No__Construction ky/m? m?<C 100120013001400150016001 CLYD CLTD CLTD €U
Withont
1 Steel sheet with 25.4-mm 34 120 0 -1 -2 -2 -3 -2 311192 N OES ML DN ITW T S 3 LM -3 M4 ¢
(or 50.8-mm) insulation (39 (0.709)
2 254mmwoodwith2S.4-mm 39 096 3 2 0 -1 -2 -2 - 2 8 I5 22 29 35 39 41 41 39 35 29 21 1511 8 5 16 -~2 41 &
insulation
3 101.6-mm 1.w concrete 8 12098 3 1 0 -1 -2~2 1 S U182 3 36 3 00337 QB MG T I6 2 4 &
4 508-mmh.w.concretewith 142 LI70 7 5 3 2 0 -1 O 2 6 11 17 23 28 33 36 37 37 34 30 25 20 16 12 10 16 -1 37 3
25.4-mm (or 50.8-mm) (0.693)
insulation
5 254-mmwoodwith50.8-mm 44 0619 2 0 -2 -3 -4 -4 4 -2 3 9 15 22 27 32 35 36 35 32 27 20 14 10 6 3 16 -4 36 4
dieatst
6 __152.4-mm 1.w. concrete M7 @7 120 7 § 3 2 0 2 4 8 13 18 24 29 33 35 36 35 32 28 24 19 16 18 0 36 &
7 635mmwoodwith2S4mm 63 0738 16 13 11 9 7 6 4 S B-1L 15 19 23 27 29 31 31 30 27 25 22 19 19 31 2
§ 203.2-mm 1.w. concrete 151 0715 20 17 14 12 10 8 6 5 4 4 S5 7 11 14 18 22 25 28 30 30 20 27 25 2 20 4 30 2
9 10l.6mmh.w.concretewith 254 1136 14 12 10 8 7 S 4 4 6 8 11 15 18 22 25 28 29 30 29 27 24 21 19 16 8 4 30 %
25.4-mm (or 50.8-mm) 254) (0.681)
insulation
10 63.5-mmwoodwith$0.8-mm 63 0528 18 15 13 11 9 8 6 S5 5 S 7 10 13 17 21 24 27 29 2725 23 20 19 S 2
insulation
11 Roof terrace system 366 0602 19 17 15 14 12 11 9 8 7 8 8 10 12 15 18 20 22 24 25 26 25 24 22 21 20 71 2% ¥
12 152.4-mmh.w.concretewith 366 (1.090) 18 16 14 12 11 10 9 & 8 9 10 12 15 17 20 22 24 25 25 25 24 22 20 19 19 8 25 U
25.4-mm (or 50.8-mm) (66)  (0.664)
insulation
13 101.6-mm wood with 25.4- 83 060221 20 18 17 15 14 13 1 10 9 9 9 10 12 14 16 18 20 22 23 24 24 23 2 2 9 24 &
mm (or 50.8-mm) insulation _ (88)  (0.443)
‘With Suspended Ceiling
1 Steel Sheet with 25.4-mm 4 071 1 0 -1 -2 -3 -3 0 5 13 20 28 35 40 43 43 41 37 31 23 1S 10 7 S 3 1S -3 43
(or 50.8-mm) insulation “9) ©.522) 3
2 4mmwoodwith2S4mm 49 0653 11 8 6 S5 3 2 1 2 4 7 12 17 2 27 31 33 35 34 32 28 24 20 17 M4 17 1 35 ¥
insulation &
3 101.6-mm 1.w. concrete 97 0761 10 34 35 36 34 30 26 21 17 13 17 0 36 X
4 50.8-mm h.w. concrete with 24 25 26 26 25 23 21 20 18 18 A e
25.4-mm igsufation*
: E] B0 I T i - L T T T S |
A-mmFoRcretel oo 4325 08P 1§ 45 24 271 29 30 30 28 26 23 20 20 4 30 X
A L | i .t -
| 5-mm ookt Wi 95 4ot L b3 19021 23 2625 % 3R A W 8 23 T
< &ftsulation
B, 203.2-mimrf o sopmcregey 7 1 st s 14 16 19 21 23 25 25 2% 4 23 0 & 5
S 101.6-mm h.w. concrete with o7z i 13 13 12 11 11 11 12 13 15 16 18 19 20 21 21 21 21 20 19 18 19 11 2 N
25.4-mm (or 50.8-mm) ©.511)
insulation
G 3S-mumwod with 50.6mm 73 0 0409 19 18 17 16 14 13 12 11 10 10 10 1 12 14 16 18 19 21 22 23 23 2 2 2 2 10 2B
11 Roof terrace system 376 0466 17 16 16 1S 15 14 13 13 13 12 12 13 13 14 15 16 16 17 18 18 19 18 18 18 21 12 19
12 1524-mmh.w.concretewith 376 0710 16 16 15 15 14 13 13 12 12 12 12 13 14 15 16 17 18 I8 19 19 19 18 18 18 20 12 19
zs.m_m (or 50.8-mm) 376) 0499
13 10L6mmwoodwith254- 93 0465 20 19 19 18 17 16 IS 14 14 13 12 12 12 12 13 14 15 16 18 19 20 20 20 20 23 12 20 i
mm (or 50.8-mm) insulation ©1)  (0.363)
(1) Direct Application of Table 5 Without Adjustments: Eight-colored roof except where permanence of light color &
Values in Table 5 were using the followi diti established by experience, as in rural areas or where there is litss:
e dark"™ el 2 smoke.
* Dark flat surface roof (“‘dark’" for solar radiation absorption) K = 1.0if dark colored or light in an industrial area
:Indnm m“’.m“:ﬁs'm of 35°C with K = 0.5 if permanently light-colored (rural area)
Outdoor maxi DARtITe with outdoor mean temperature ©  (25.5 —Tg)isindoor design temperature correction.

@ (T — 29.4) is outdoor design temperature correction, where Tpisthe
age outside design day.
© fisafactorforatﬁcfmnndordmabovecdlingmdisap;ﬁe!

after all other adjustments have been made.
J = 1.0 no attic or ducts
f = 0.75 positive ventilation
Values in Table 5 were calculated without and with a suspendes
ceiling, but made no all for positi ion Or retess:
ducts thru the space. If ceiling is insulated and a fan is vsed
between ceiling and roof, CLTD may be reduced by 25%
(f = 0.75). Use of the suspended ceiling space for a return =
plenum or with return air ducts should be analyzed separately.
B) Roof Constructions Not Listed in Table:
The U-Values listed are to be used only as guides. The actual value of Uz
obtained from tables such as Tables 3 and 4, Chapter 23, or as calcuiated fo
the actual roof construction should be used.
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Appendix C: Cooling Load Temperature Difference for Calculating Cooling Load
from Sunlit Walls

]

A y
& :
26.10 CHAPTER 26 1985 Fundamentels Handbook
i Table7 Cooling Load Temperature Differences for Calculating Cooling Load from Sunlit Walls

Hof
Maxi-  Mini- Maxi-  Differ-

Solar Time, b e " mum waan
nummmmmmmum:mmmmmmm:mmummmmcu'n CLID _CLTD 1D
North Latitode
‘Wall Facing &u‘AW‘
N 3. ¢ & 3 3 41 -6 €& &6 CR N e e S R B DRl S 3 8 2 6 8 2
NE IO § o NN T AT TR SO R B R 9 9 9 9 10 10 10 N N M. U U n 22 8 n 3
E 14 13 13 13 12 12 U M o0 0w n n e 12 13 13 13 M4 M 4 K4 K4 K4 2 10 14 4
SE 3 13 B B B I H 1B W . B ¥ W1 o1z 12 1313 1313 13 1B 132 0 13 3
S . e 10 e -9 9 & & & .35 % % 9 W w11 U K n s 8 1 3
sw (R T ST N TR O T IR R LRSS 9 10.10 10 11 12 13 13 M4 M4 24 L 14 L
w 8 8 B 6. W Kk 83 B2 OB 2N 10 10 10 10 1 N 12 13 K4 M 15 - 0 is 5
NW T I | RO | PO | W G e ok 5 2 & % €8s S .6 % 9 W Ay _u i 1 8 12 4
Group B Walls
N OO o A G RV SRR IS SRS TR il e S TR R i e e Mo TRR SRR ely MR S 5 8 3
NE TR R R e S U R SR AR SR S 9 10 10 U H U 12 12 12 1 1 2 T 2 5
E NoPpoR el Nl ¢ e 8 3 9980 13 13 14 14 15 15 15 15 15 M4 M4 20 8 15 7
SE PTG N R R e Rl (RN R G R 12 13 14 14 14 14 14 M4 1K M A 8 4 6
s ST R TR YR S RN R . A e e R L g 9 W I 1N DR R 2D 6 2 6
sSW I B BB w9 % %7 T 3 9,8 M. B 14 15 15 16 6 M 7 16 9
w % %15 4 % 13 B e 9 v 58 g 8 #4793 B M IS 16 1T RN g 17 9
NW R T - | e ) MG N, N ARG . O O Ry ey TN e O T - A ) SN 6 3 7
GI-C"I
N § -8 eSS % R TR Do ey TR e S SRS U B IR RS N 10 6
NE N TR R SR ST el T R S IO n 2 2 BB BB 22NN 6 13 7
E R S T I e RS R i B Tt - IR 16 17 17 16 16 16 15 14 13 18 7 ” 10
SE . 98 2 Ny T 6 3 7 9 10 12 14 15 16 16 16 16 16 16 15 K4 13 19 6 16 10
s FTURL TR RN SR S RS Rl SR WEL S SRR i T 9 1 12 13 K4 14 KM KM 13 2 2 5 4 9
SW B ey s 7,7 6 %6 e 7 8 10 12 14 16 18 18 18 18 17 22 6 8 12
w POER | | R |V R A ; RS R ! 7 8 9 11 13 16 18 19 20 1Y 18 2 : 5 20 3
NW Y L S - 1 s i e S I Ve | $ 6 '6 6 7 9 10 12 14 15 15 15 15 2 5 15 10
Group D Walls
{ N TV e e s SR R TR U SR AR e S S TORE NS GRS U el M S e 3 n 8
' NE VR S R IS Y S (I e ST G QAR gL R 4 14 14 13 13 1211 108 4 " 10
vis E 3 TN R SR NS R o B e S R S AR SR T N G Y R e e | - S - S 5 18 3
! SE PRSI T SRS SR ST R S SR (B W - i | TR s 18 B N W8 U R 1T 5 18 13
- S i 10 8 7 6 S H E 3 3 2 s > R Y U 1S M B B D 3 16 13
SW 15 14 12 10 9 8 5 OB B N e e 0 9 x: ls 8 2 21 21 20 19 17 2 4 21 1
w 7. 15 B 9 ¢ 3 8 5. 16 17 20 2 3 2 29 X ) B 18
N W 12 1] 1_1 g ﬁk bfv S) 42y 15 17_16 15 2 4 18 14
I hibdrét Mommwzr Lzmh
6 E E l ,-3—,] & 10 10 11 2 11w 9 8 N 2 12 10
6 1 7 14 in 9 8 6 2 15 13
y 1 C rolllg‘ ]CSLS Diqqq ;FI:DILO’HS.x 12 U1 e 3 21 18
7 7 10 11 17 19 22 13 11 BN 3 20 17
7 —]ﬂ 10 14 18 19 11 16 14 3 1 9w " 2 9 1
S 2 10 S“' 3" 3‘ -Jlb ll (IC ll’x . u 18 21 u 235 ¥ 2 19 17 TS 31 2 z
w 412 1 o1s 20 24 27 271 25 2 19 6 D $s™ 2 2
_NW ey 78 6 7775 -s_ 3 _3 '*,, } 4 s 6 7 9 11 14 18 21 21 X 18 15 FENON | Ty | 18
SN
Group F Walls =
N e sk e | 1 1 1 203 .58 g% 'R 2 BB B 1 S T 6 B 1 B~ 1B
NE e P - S 1 3 3 .8 . %15 B3 B 12109 2 6 18 1 17 16
E & 4- 8 R A 1 4 9 % WM MBS M 2R B R NI D HW TR 1 25 24
SE Py Tk Sast (i R | 2 6 10 15 20 23 24 23 2 20 19 17T 16 M4 122 10 8 | ) 1 24 2
S Yo S SR Ty T | 1 T2 # rom.iso e N 2 e n sonR e - T % 1 2 2
SW | T SRR IR e The 1 2 3 4 6 10 14 20 24 28 0 29 25 20 16 13 10 18 1 30 2
w IR S M Uero Sha T SRS L TR 4 €& 3 1 BB D R H B AR P I DL 2 3 3
NwW ;TR SO S Ly e R | 1 2 3 4 6 T 9 12 15 19 24 2 4 2 16 12 10 19 1 26 25
Group G Walls
N 2 1 o o o 1 B 5 5 7 ¢ 10 12 13 13 M KM 15 2 8 6 5 4 3 B o 15 15
NE 2 1 PRSI T R N e e TN T R R IR R TR 3 9 o 2 b3
B8 2 1 1 .0 6 1 S B B W B WD AL A1 35 1) | T R ) AN S o 3 31
SE 20 K 1 e 8 3 W N BN BB BB K BB U $° 2 & 4 3N 0 28 2
S 2 ¥ 1 0 8- 8 T % 7 SluE oS iag W3 . MRk T i R SR R o 26 26
sw 3 2 2 1 e 1 TR R TIEET S S N e e s < R B AR e R o 35 35
w & =3 2 1 T, | 1 3 s S WS B N NN N O KU IR T R 1 40 39
NW . ST T 1 £ ¢ 8 1 3 4 B WER IS I Y 10 3 S 8 o 31 3

) DwauApplmmofTabkﬂmlwmAd,umas. -
Values in the Table were lated using the il ditions for walls as outlined for the roof CLTD table, Table 5. These values may be used fer
mrmhlr-amdhxomummwswuaﬂyvuhwtm(wumbdov)\vhen(helmdnsalmhledfonhemmwm
For totally shaded walls use the North orientation values.
2) Adjustments to Table Values:
The following ion makes adj for diti than those fisted in Note (1).
CLTDgore = (CLTD + LM) * K + (25.5 = Tg) + (7, — 29-4)
where CLTD is from Tzble 7 at the wall orientation.
@) LM is latitude-month correction from Table 9.
®) K is a color adjustment factor and is applied after first making month-latitude adjustments
K = 1.0if dark colored or light in 2n industrial area
K = 0.83 if permanently medium-colored (rural are2)
K = 0.65 if permanently fight-colored (rural area)
cmditshwldnotbeukmforﬂiﬂn-uﬂotdwmfmvheremofwmkmukhedbyw.ainrm!morwhmu
is little smoke. ¢
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CHAPTER 26

Appendix D: Cooling Load Temperature Differences for conduction through Glass

1985 Fundamentals Handbook

Table 10 Cooling Load Temperature Differenees for Conduction through Glass

N

SolarTlmc,h 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2406

»ELTT

*c : G T N s SO . I 2 4

S e e T T e e

Corrections: The valucs in the table were

for an inside
room air temperature is different from 25.5°C and/or the outdoor

between 29.4°C and the daily average temperature; if greater than 29.4°C, add the difference.

Using the basic equations of Chapter 27, a computer pro-
gram was generated to calculate the SHGFs for the double-
strength sheet glass. The SHGFs—calculated for different
latitudes (0°N to 64°N), months (January through December),
orientations (seventeen) and daylight hours—were used as the
“heat gain’ input for calculating cooling load factors,
employing appropriate room transfer functions (from Meth-
odology and Equations for Hour-by-Hour Load Calcula-
tions, below). However, this implied the introduction of two
new, interdependent variables into the calculations—(1) type
of interior construction in the space: light, medium or heavy
and (2) presence or absence of an interior shading device for
the glass—with the consequent increase in the number of
variables.

To simplify the data, a normalized profile of the SHGFs
was obtained by dividing the SHGF:s for a particular month
by the maximum SHGF in that month. A comparison of the
normalized profiles obtained for different months indicated

agEeat similagity among SHGFs in the-warmest months of the
i), TR <Dt Eebdcd SWCEE: |

ar (May th ﬁli%
en compared to those of ott ‘?r latitudes gnd onenta—
| e[ qfadﬂ'i( PREIRiyke dndog
—40°N 1autude and J\J\ “considered repr
gtive ofialigtituded 414 fihetthd-weather (May
“Hrough Sep\tem&:% Th@ crgrcsﬁa ?‘\/‘a%gl(?*s were used as
the input for calculating cooling load factors.

For calculation, the cooling load from solar radiation must
be analyzed in one of two cases: (1) presence of interior
shading or (2) absence of interior shading. In converting heat
gain to cooling load, the time lag, caused by the radiant solar
energy entering the space, is variable; for example, it differs
when energy is absorbed by interior draperies or Venetian
blinds, it differs from when it is absorbed by the floor. In-
terior shading devices cause the cooling load to track the solar
heat gain profile more closely, while the case without the in-
terior shading spreads the load out. Rudoy®® has shown that
the lightweight construction of interior shading changes the
cooling load profile less, but reduces the energy by virtue of a
lower SC. The time lag difference in converting heat gain to
cooling load appears in the cooling load factors used to
multiply the solar heat gains.

Cooling load caused by solar radiation through fenestration
is calculated by:

g = Area « Shading Coefficient + Maximum Solar Heat Gain
+ Cooling Load Factor 12

The area is the net glass area of the fenestration. The
maximum solar heat gain is obtained for the appropriate
latitude, month and surface orientation (Table 11). The
shading coefficient, for combination of the fenestration and
shading device, can be obtained from Tables 28 and 34 to 36,
Chapter 27. The CLF values for three common room thermal
characteristics are in Tables 12 and 13 of this chapter.

.

=

of 25.. S'Cudunnmdommanmumtmmmmoﬁs*c'khmomdwddynnsoﬂl@c The table remaims
approximately correct for other outdoor maximums 33.8-38.8°C and other outdoor daily ranges 8.9-18.9°C, provided th d

daily average is different from 29.4°C, dlel'o!ﬂmmleslpp!rh)l:orrmal
add the difference between 25.5°C and room air temperature; if greater than 25.5°C, subtract the difference. (b) For outdoor daily average temperature less

29.4°C. [f i

temperature less than 25.5°C
than 29.4°C, subtract the difference

Total Load through Fenestration

The total load through fenestration is the sum of the from
to conduction heat gain [Eq. (9)] and the load from solar heat -
gain [Eq. (12)]. :

Example 4: Determine the cooling load caused by glass on the
south and west walls of a building at 1200, 1400 and 1600 hours im
Aug. The building is located at 32°N latitude with outside desigs

struction is of medium weight. The south glass is the insulating glass
(6.35 mm air space) with an area of 9.29 m? with no interior shading.
The west glass is 5.56 mm single grey-tinted glass with an area of 9.2%¢
m? and with light-colored Venetian blinds.

Solution: Data required for the calculations are as follows:

Maximue
sC SHG
TJUe 13) (Chapter 27) (Table 155
Q 3.46 0.82(Table 29, Chapter 27) 350
4.60 0.53 (Table 35, Chapter27) 619
The conduction heat gain c¢ of the cooling is calculated by:
g=UA(CLTD) 5
S. Glass W. Glass
CLTD CLTD UA(CLTD) UA(CLTD}
Time  (Table 10) Corrected w w
1200 S 22 71 94
1400 7 42 135 179
1600 8 5.2 167 222

The correction factor applied to the above values was —2.89
computed from the notes of Table 10. The CLTDs are rounded
and the solar heat gain component of the cooling load is calculated

g = A (SCYSHG)CLF)
S. Glass W. Glass
CLF ASCSHGCLF CLF ASCSHGCLE
Time (Table 12) W Table 13 w
1200 052 1386 0.17 578
1400 058 1546 0.53 1803
1600 0.47 1253 0.82 2789

The total cooling load from heat gain through the glass is therefores

S. Glass W. Glass
Time w W
1200 1457 672
1400 1681 1982
1600 1420 3011
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Appendix E:
Latitudes

Maximum Solar Heat Gain Factor, W/m2 for Sunlit Glass, North

. o
Air-Conditioning Cooling Load 26.15
Table 11 Maximum Solar Heat Gain Factor, W/m? for Sunlit Glass, North Latitudes
ODeg 20 Deg
NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/ NNE/ NE/ E/ ESE/ SE/ SSE/
N NNW NW WNW W WSW SW SWW S HOR N NNW NW WNW W WSW SW SSW S HOR
Jan. 107 107 28 558 T8 s 741 574 32 934 Jan. 91 91 ISt 435 634 767 798 T3S 675 732
Feb. 114 12 416 &1 M3 M9 663 445 211 965 Feb. 98 98 278 546 713 TI0 751 634 549 830
Mar. 120 274 5% 704 764 704 536 214 120 956 Mar. 107 155 416 631 748 745 650 480 363 896
Apr. 224 423 69 07 67 81 3 120 17 8% Apr. 120 29 524 672 TI9 656 498 287 183 905
May 357 SI7 640 688 634 486 22 17T 17 836 May 148 388 581 685 685 81 91 170 133 893
June 407 650 669 603 441 208 117 17 80§ Jume 186 426 596 681 663 546 341 142 133 8%
July 363 SI7T 634 612 615 470 243 120. 120 82 hly 151 391 574 672 669 565 375 167 136 877
Aug. 237 423 5% 61 69 552 353 123 120 87 Aug. 126 287 Sl 650 694 631 480 278 180 883
Sep. 126 265 sS4 62 T 612 514 265 126 924 Sep. 114 M5 401 603 710 710 628 467 360 868
oct. i1 126 407 68 745 151 67 426 208 943 Oct. 101 101 214 527 685 745 729 618 536 814
Nov. 110 10 2718 552 6 789 726 3 924 Nov. 91 91 151 429 62 754 786 722 666 726
Dec. ' 107 107 24  S17 73 198 57618 435 909 Dec. 8 85 110 385 50 751 801 760 73 685
ADegl s 2iDey
NNE/ NE ENE/ E/ ESE/ SE/  SSE/ NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/
N NNW NW_WNW W _ WSW SW SSW S HOR N NNW NW WNW W WSW SW SSW S HOR
Jan. 104 104 249 536 T2 795 514 609 445 902 Jan. 8 85 129 404 599 757 798 760 716 675
Feb. 110 110 388 638 764 782 678 480 218 550 Feb. 95 95 252 2 4 TIO 767 672 606 786
Mar. 120 243 514 691 764 716 558 303 136 953 Mar. 107 42 391 615 738 748 675 530 432 868
Apr. 174 34 5% 704 704 599 398 136 120 905 Apr. 117 278 02 659 T19 669 533 338 237 893
May 293 48 631 6% 650 508 281 120 120 85§ May 136 369 56 675 688 599 416 211 145 890
June 347 517 637 678 618 464 230 120 120 830 June 174 401 81 675 669 65 39 174 136 880
303 486 62 618 631 492 268 123 120 842 July 142 366 555 663 672 584 407 205 145 877
Aug. 186 391 s8I 678 615 ST 319 133 126 80 Avg. 120 274 - 492 640 64 644 SiL 325 27 814
Sep. 123 237 42 &9 79 681 536 293 139 924 Sep. 110 133 375 584 700 7i0 650 S14 423 839
Oct. 114 114 379 69 738 754 653 461 1 928 Oct. 9% 98 249 502 666 748 741 653 590 770
Nov. 107 107 %9, 330 713 M2 732 599 439 896 Nov. 85 85 133 398 590 745 786 748 707 672
Dec. 104 104 196 495 6 70 764 6% s g7s Dec. ] © 91 33 s 78 779 T19 748 68
§ NE/ SE/ SSE
W SW _SSW § HOR
[ Jaa A 92 719 151 618
. Feb. 360 776 707 653 738
. Mar. 492 697 574 495 836
} Apr. 581 s62 391 297 877
May 625 454 262 183 883
June 284 489 631 404 707 155 877
July 243 457 615 442 252 180 870
Aug. 148 369 65 543 379 287 8s8
Sep 1200 208 470 672 558 48 808
Oct. 110 10 353 751 685 637 12
Nov. 104 104 224 779 167 141 615
Dec. 9% 98 174 782 792 716 565
12Deg 32Deg
NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/ N  NNE/- NE/ ENE/ E/ ESE/ SE/ SSE/
N NNW _NW WNW W WSW SW SSW § HOR (Shade) NNW NW _WNW W WSW  SW_ SSW S  HOR
Jan. 9% 98 199 489 685 776 9 69 574 8m June 7 7 91 B 2 2 78 789 716 555
Feb. 107 107 331 587 741 782 713 558 420 902 Feb. 85 85 205 470 647 764 782 732 697 685
Mar. 114 183 467 663 757 735 59 391 230 937 Mar. 101 17 338 577 716 748 716 615 555 795
Apr. 126 341 S22 €1 716 631 48 202 126 9IS Apr. 114 252 461 61 716 691 590 445 363 855
May 189 439 612 694 669 546 334 126 ‘126 883 May 120 350 536 65 694 628 489 312 233 84
June 237 470 625 685 644 508 284 126 126 864 June 139 385 555 656 675 59 439 262 189 871
Juy 19 439 603 678 653 S30 322 129 129 868 ly 126 350 527 643 678 612 473 303 227 861
Aug. 133 344 549 669 688 603 426 19 448 890 Aug. 117 249 45 615 691 663 571 429 350 836
Sep. 17 180 448 64 T2 700 574 - 382 230 905 Sep. 104 110 325 546 678 716 688 596 540 770
Oct. 107 107 325 Se& 716 751 @1 543 410 883 Oct. 88 8 19 451 615 T8 754 710 678 6712
Nov. 101 100 19 483 615 760 767 659 565 820 Nov. 7% 76 91 325 546 710 773 76 161 S52
Dec. 95 95 148 445 653 764 792 704, 62 789 Dec. L) 2] 69 265 511 688 TI6 7195 195 498
16 Deg 36Deg
NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/ N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE
N NNW NW WNW W WSW SW SSW S HOR (Shad) NNW _NW _WNW W _WSW SW _SSW S HOR
Jan. 95 95 174 464 63 T M 04 68 782 Jan. ©® © 7% 284 524 &1 79 795 795 489
Feb. 104 104 303 S8 729 7719 735 593 486 868 Feb. 82 82 180 439 615 754 782 754 732 628
Mar. 110 167 441 647 s 41 62 435 293 98 Mar. 95 104 312 s55 704 791 732 650 606 751
Apr. I3 32 563 681 716 644 413 243 12 92 Apr. 110 240 454 618 710 697 618 492 426 827
May 164 416 596 688 6718 565 363 142 129 8% May 120 338 530 644 694 644 521 366 293 858
June 208 448 612 685 653 527 312 129 129 84 June 148 M2 552 647 618 612 413 312 243 861
Juy 174 416 S0 675 63 549 35 139 133 814 July 123 338 521 64 681 68 508 357 284 846
Aug. 129 316 530 659 691 644 451 233 145 890 Avg. 114 237 435 599 688 669 59 476 413 811
Sep. 114 158 43 618 TI6 107 63 43 293 8% Sep. 9% 98 300 5271 63 19 704 631 59 726
Oct. 104 104 300 S49 04 7S 70 STT 473 8s2 Oct. 8 8 177 40 S0 726 754 29 10 615
Nov. 95 95 174 457 650 760 9 64 618 TI6 Nov. @ € % 24 S 678 767 182 782 486
Dec. 91 9 129 416 625 60 801 T35 669 738 Dec. 5] & 6 218 476 644 760 798 801 429

122



Air-Conditioning Cooling Load

Values of U can be obtained from Chapter 23. Temperature
#, may have any value over a considerable range according to
conditions in the adjacent space. The temperature in a kitchen
or boiler room may be as much as 8 to 25°C above the out-
door air temperature. It is recommended that actual tem-
peratures in adjoining spaces be measured wherever prac-
ticable; where nothing is known except that the adjacent space
is of conventional construction and contains no heat sources,-

Appendix F:  Cooling Load Factors for Glass without Interior Shading, North Latitudes

26.17

f, — ; should be considered the difference between the
outdoor air and conditioned-space design dry- bulb tem-
peratures minus 2.8°C. In some cases, the air temperature in
the adjacent space will always correspond to the outdoor air
temperature.

For floors directly in contact with the ground, or -over an
underground basement that is neither ventilated nor warmed,
heat transfer may be neglected for cooling load estimates.

Table13 Cooling Load Factors for Glass without Interior Shading, North Latitudes

Fenes-
tration
Facing

i)

Solar Time, k

6400 0708 1100 1200 1300 1400 1500 1600 1700 2100

o.11
.18
0.21

0.09
0.16
020

042
0.41
0.45

0.43
0.38
0.39

0.71
0.65
0.65

0.40
0.37
0.35

0.76
070
0.69

0.39
0.36
0.34

080 082
073 075
072 072

0.38 0.25
0.31

031

on 079 075 020
% T30 078
o5 on

0.48 0.31
0.50 0.36
.70 046 039 034 0.28
039 038
036 036

034 033

036
034
032

033
033
0.31

0.30
0.30
0.28

0.16
0.18
0.18

0.13
0.16
0.16

0.10
0.14
0.14

0.08
0.12
0.13

0.07
0.10
0.12

041
0.36
037

040
035
0.36

033 031
031 030
029 027

034 031
033 030
030 0.27

028
0.28
0.26

0.26
0.26
0.24

0.12
0.15
0.14

0.12
0.14
0.14

0.12
.15
0.15

0.13
0.16
0.16

0.15
0.18
.18

0.18
0.21
0.20

022

0.10
0.13
0.13

0.09
0.12
0.13

0.10
0.13
0.13

0.10
0.14
0.14

0.12
0.16
0.16

0.08
0.11
0.12

039 006 0.05
036

0.34

0.45
0.41
0.38

NE
0.11

0.06
0.09
o.11

0.06
0.10
0.11

0.10
0.05

0235

0.08
0.1
0.12

0.08
0.1
0.12

0.09
0.12
0.13

0.10
0.14
0.14

R RRS mEe SPE

o.10
0.05

0.10

0.20 007 0.06
0.11

0.12

0.08
0.12
0.13

0.32

0.36 0 11

048 042
045 040
0.41 0.36

0.24
c.10
0.12

0.08
0.12
013
0.10
0.14
0.15

0.24

0.60 0.52
054 048
051 0.44

0.65 0.65
0.57 058
056 055

052 0.6
0.46 055
046 0.53

036 049
033 044
034 044

026 040
024 035
026 036

020 0.32
0.19 029
02t 030

0.17 026
0.17 024
0.18 025

0.19 023
0.18 021
0.19 022

0.15
0.18
0.18

0.18
0.21
0.20

023

0.12
0.16
0.16

0.15
0.18
0.18

0.10
0.14
0.15

0.12
0.16
0.16

0.07
0.11
0.12

0.04 0.06
0.07 0.08
0.10 o.11

005 0.06
008 0.09
0.1 0.2

005 0.06
0.09 0.09
o.n o012

0.05 0.06
0.09 0.09
0.1 0.11

005 0.06
0.09 0.09
0.10 0.11

034
031
0.33

0.19
0.18
0.21

0.14
0.15
0.17

0.12
0.13
0.15

0.1t
0.12
0.14

0.12
013
0.15

0.14
0.14
0.16

009
0.12
0.07
011
0.13

0.08
0.12
0.13

0.08
0.12
0.13

0.08
0.1
0.12

0.08
0.11
0.12

0.08
0.11
0.11

o.n
0.14

0.09
o1
0.14

0.08
0.10
0.13

0.07
0.10
0.12

0.07
0.09
0.12

007
0.10
0.12

‘008
0.10
0.12

0.22

0.08
0.12
0.14

0.10
0.14
0.14

0.15
0.15
0.18

0.12
013
0.16

0.10
0.12
0.14

o.10
o.11
0.14

0.10
0.12
0.14

0.12
0.13
0.15

027 0.19 0.15
0.19

o.18

0.18
0.21
0.19

0.18
021
0.19

0.18

0.12
0.16
0.16

0.14
0.18
0.17

0.15
0.18
0.17

0.14
0.17
0.16

0.14
0.17
0.16

SSW 030

0.26
033
033
0.30

0.34

037

024
023
025

0.17
0.17
0.19

0.14
.14
0.16

0.15
0.15
0.17

0.17
0.17
0.18

023 0.20

0.06 022
0.10

0.12

0.16
0.17
0.19

0.13
0.14
0.16

0.12
0.13
0.15

0.66
0.59
0.56

0.66
0.58
056

0.43
041
0.37

044
0.42
0.38

0.44
041
038

0.53
0.52

0.52
0.46
0.46

0.45
0.40
040

0.40
035
036

0.33
03¢
0.30

0.28
0.25

0.27

0.15

0.12 0.10
015 0.13
0.15 0.14

0.12 0.10
0.15 0.13
0.14 0.13

0.12 0.10
0.15 0.13
0.14 013

0.56

0.62
0.54
053

0.57
0.50
049

0.53
0.47
0.46

0.47
042
0.41

0.21

0.07 022
0.10

0.12

0.06
0.10
0.11

0.30

034
0.33
030

034

0.2s
0.27

0.21

0.64 0.22
0.56

0.54

0.63
0.55
0.53

021
0.22

0.18

0.13
0.20
0.18

013 024

0.06 0.27
0.10

o.11

0.06
0.09
0.10

0.05 0.06
0.09 0.09
0.10 0.11

005 0.06
0.08 0.09
0.10 0.10

0.44
041
0.38

0.13
0.14
0.16

a.11
0.13

0.10
0.11
0.13

024 020

0.21

0.30

0.1 0.33
0.14

0.14

0.09
0.12
0.12

0.17
0.19
0.17

0.14
0.16
0.15

0.16 0.26
0.16

0.18

0.59
051
0.50

0.42
039
0.20
0.21

051 036 029 023
0.33
033

030

0.12
0.15
0.14

0.09
0.13
0.13

0.08
0.11
0.12

0.07
0.12
0.15

0.17 0.14
0.17

0.16

0.06
0.10
0.11

0.06
0.11
0.14

005 007
0.0 0.10
0.10 0.12

005 0.07
009 o011
0.i3 0.15

0.11
0.12
0.15

0.14
0.16
020

0.44
041
0.38

014 0.26
015

0.17

0.24
024

0.18
0.18
0.20

o2
021
023

0.48
0.43
0.45

025
023
025

0.58
0.52
0.52

027
0.26
0.26

029 030
027 028
028 0.28

033
0.31
031

(S
0.3%
038

057
051
0.49

0.62
0.56
0.53 025 021 0.8
0.11
0.16

0.17

0.09
0.14
0.16

0.36
033
036

0.66
059
0.59

0.72 0.74
0.64 067
062 064

0.29
0.32
029

024 0.19 0.16
021

0.21

0.13
0.18
0.19

0.73
0.66
0.62

0.67
0.62
0.58

0.59
0.56
0.51

0.47
047
0.42

0.37
HOR

e T P LR XMEr EXC nNZe EXe TZEC XZXE

035 026 0.23

eai 3

L = Light i wall, 50.8 flaor 146 kg of material/m” of floor arca.
= Medium coastruction: 101.6 mm concrete exterior wall, 101.6 mm coacrete floor slab, wmﬂyk!ksuthMﬁqu’ofﬂootm
H = Heavy construction: 152.4 mm concrete exterior walil, 152.4 mm concrete floor slab, dy 635 kg of building fals/m’” of floor area.
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Appendix G:

Cooling Load Factors for Glass with Interior Shading, North Latitudes

3
26.18 * CHAPTER 26 1985 Fundamentals Handbook
Table 14 Cooling Load Factors for Glass with Interior Shading, North Latitudes
(All Room Constructions)

Fenes-
:::;:2 g 3 Solar Time, h

0100 0200 0300 0400 0500 0600 0700 0300 6900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
N 0.08 0.07 0.06 0.06 0.07 0.73 0.66 0.65 0.73 0.80 0.86 0.89 0.89 0.86 0.82 0.75 0.78 0.91 0.24 0.18 0.15 0.13 0.11 0.10
NNE 0.03 0.03 0.02 0.02 0.03 0.64 0.77 0.62 0.42 0.37 0.37 0.37 0.36 0.35 0.32 0.28 0.23 0.17 0.08 0.07 0.06 0.05 0.04 0.04 7
NE 0.03 0.02 0.02 0.02 0.02 0.56 0.76 0.74 0.58 0.37 0.29 0.27 Q.lﬁ 0.24 0.22 0.20 0.16 0.12 0.06 0.05 0.04 0.04 0.03 0.03
ENE 0.03 0.02 0.02 0.02 0.02 0.52 0.76 0.80 0.71 0.52 0.31 0.26 0.24 0.22 0.20 0.18 0.1I5 0.11 0.06 0.05 0.04 0.04 0.03 0.03
E 0.03 0.02 0.02 0.02 0.02 0.47 0.72 0.80 0.76 0.62 0.41 0.27 0.24 0.22 0.20 0.17 0.14 0.11 0.06 0.05 0.05 0.04 0.03 0.03
ESE 0.03 0.03 0.02 0.02 0.02 0.41 0.67 0.79 0.80 0.72 0.54 0.34_ 0.27 0.24 0.21 0.19 0.15 0.12 0.07 0.06 0.05 0.04 0.04 0.03
SE 0.03 0.03 0.02 0.02 0.02 0.30 0.57 0.74 0.81 0.79 0.68 0.49 0.33 0.28 0.25 0.22 0.18 0.13 0.08 0.07 0.06 0.05 0.04 0.@
SSE 0.04 0.03 0.03 0.03 0.02 0.12 0.31 0.54 0.72 0.81 0.81 0.71 0.54 0.38 0.32 0.27 0.22 0.16 0.09 0.08 0.07 0.06 0.05 0.04
S 0.04 0.04 0.03 0.03 0.03 0.09 0.16 0.23 0.38 0.58 0.75 0.83 0.80 0.68 0.50 0.35 0.27 0.19 0.11 0.09 0.08 0.07 0.06 0.05
SSwW 0.05 0.04 0.04 0.03 0.03 0.09 0.14 0.18 0.22 0.27 0.43 0.63 0.78 0.84 0.80 0.66 0.46 0.25 0.13 0.11 0.09 0.08 0.07 0.06
SwW 0.05 0.05 0.04 0.04 0.03 0.07 0.11 0.14 0.16 0.19 0.22 0.38 0.59 0.75 0.83 0.81 0.69 0.45 0.16 0.12 0.10 0.09 0.07 0.06
WSW 0.05 0.05 0.04 0.04 0.03 0.07 0.10 0.12 0.14 0.16 0.17 0.23 0.44 0.64 0.78 0.84 0.78 0.55 0.16 0.12 0.10 0.09 0.07 0.06
w 0.05 0.05 0.04 0.04 0.03 0.06 0.09 0.11 0.13 0.15 0.16 0.17 0.31 0.53 0.72 0.82 0.81 0.61 0.16 0.12 0.10 0.08 0.07 0.0¢
WNW 0.05 0.05 0.04 0.03 0.03 0.07 0.10 0.12 0.14 0.16 0.17 0.18 0.22 0.43 0.65 0.80 0.84 0.66 0.16 0.12 0.10 0.08 0.07 0.06

NW 0.05 "To.bévﬁe‘a &93:0103»

YN PT%Y ¢ ozx ¥ 3of

11 0.82 C.69 0.16 0.12 0.10 0.08 0.07 0.06

0}{-4}.17 0.22 (9.36-0,32 O 33 0.34 0,34 0.39 0.61 0.82 0.76 0.17 0.12 0.10 0.08 0.07 0.06

.58 0.42 0.25 0.14 0.12 0.10 0.08 0.07 0.06

CAFCULATING SPacrcbbl
FROM HEAT SOURCES
WITHIN THE CONDITIONED SPACE

Lighting

An accurate estimate of the space cooling load imposed by
lighting, often the major space load component, is essential in
air-conditioning system design. Calculation of this load com-
ponent is not straightforward; the rate of heat gain to the air
caused by lights can be quite different from the power sup-
plied to the lights. 4

Some of the energy emanating from lights is in the form of
radiation that only affects the air after it has been absorbed by
walls, floors and furniture, and has warmed them to a
temperature higher than the air temperature. This absorbed
energy, stored by the structure, contributes to the space
cooling load after a time lag, and is present after the lights are
switched off. The time lag effect (Fig. 2) should be taken into
account when calculating the cooling load, since the actual
load is lower than the instantaneous heat gain and the peak
load may be affected significantly.

Generally, the instantaneous rate of heat gain from electric
lighting in watts can be calculated from:

g = total light wattage « use factor
« special allowance factor 14

The rate of heat gain can be ex in units of Btu/h by
multiplying Eq.(14) by 3.413. The total light wattage is ob-
tained from the ratings of all fixtures installed for general il-
lumination or special use. The use factor is the ratio of the

wattage in use, for the conditions under which the load
estimate is being made, to. the total installed wattage. For
commercial applications such as stores, the use factor is:
generally unity. The special allowance factor is introduced for
fluorescent fixtures and fixtures requiring more energy tham
their rated wattage. For fluorescent fixtures, the special
allowance factor accounts for ballast losses, which can be as
high as 2.19 for 32-W single lamp high-output fixtures on 277,
V. Rapid-start, 40-W lamp fixture allowance factors vary
from a low of 1.18 for two lamps on 277 V to a high of 1.38
for one lamp on 118 V. For other industrial fixtures, such as
sodium lamp fixtures, special allowance factors may vazp,
from 1.04 to 1.37, depending on the manufacturer.

ACTUAL COOLING LOAD

STORED HEAT REMOVED

LIGHTS ON LIGHTS OFF
TIME ,HOURS

Fig.2 Thermal Storage Effect in Cooling Load from Lighs
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Appendix H: Shading Coefficients for Single Glass with Indoor Shading by Venetian Blinds

or Roller Shades

Fenestration 27.35

Table 35 Shading Coefficients for Single Glass with Indoor Shading by Venetian Blinds or Roller Shades
Type of Shading
Nominal Solar Venetian Blinds Roller Shade
Thickness* Trans.® Opaque — Translacent
in. Medium _Light Dark _ White Light
Clear 2.5t06 0.87 t0 0.80
Clear 6to 12 0.80100.71
Clear Pattern 3012 0.87 10 0.79 0.64 0.55 0.59 0.25 0.39
Heat-Absorbing Pattern 3 —_
Tinted 51055 0.74,0.71
Heat-Absorbing® 5t06 0.46
Heat-Absorbing Pattern 5to6 —_ 0.57 0.53 0.45 0.30 0.36
Tinted 3105.5 0.59, 0.45
Heat-Absorbing .
or Pattern -_ 0.44100.30 0.54 0.52 0.40 0.23 0.32
Heat-Absorbing? 10 0.34
Heat-Absorbing 0.29t00.15 s
or Pattern - 0.24 0.42 0.40 0.36 0.28 0.31
Reflective Coated
Glass
S.C.5=0.30 0.25 0.23
0.40 0.33 0.29
0.50 0.42 0.38
0.60 0.50  0.44

;Refuwnufmt literature for values.
rorvmuu.awnmummwmhmwwmthuoxmummuo 71 10 0.80 transmittance.
:SCfoul-swkh-oMn
Refers to gray, bronze, and green tinted heat-absorbing glass.

__Table36 Shading Coefficients for Insulating Glass* with Indoor Shading by Venetian Blinds or Roller Shades

Univ ersity of Moratuwa, Sri Lanopeotshatng

Solar Trans," s Venetian Blings® ) Roller Shade
Elegizgnic Theses & DiSSerfafions  opsge  Tossmemt
Th |ck Outer Inner
- VW AE n"lﬂ Agile ”(I’ane Medium __ Light Dark  White Light
Gear Out 2 5 3mm 0.87 0.87
Clear In 0.57 0.51 0.60 0.25 0.37
Clear Out
Clear In 6 mm 0.80 0.80
Heat-Absorbing® Out 6mm 0.46 0.80 0.39 0.36 0.40 0.22 0.30
‘Clear In
Reflective Coated Glass
SC*=0.20 0.19 0.18
0.30 0.27 0.26
0.40 0.34 0.33

Refmlol‘m fabricated units with 5, 6 or 13 mm air space, or to prime windows plus storm windows.
b Refer exact values.

:mekdbhﬂ:mmwﬂuwbdpm tightly closed, SC is approximately the same as for opaque white roller shades.
Refmtobmnu. or green tinted, hn-cbmh;um.
€SC for glass with no shading device.

Table37 Shading Coefficients for Double Glazing with Between-Glass Shading

Nominal Solar Trans.® Type of Shading
Type of Glass Each Pane Outer  Inner Description of Air Space ___Venetian Blinds Louvered
Pane  Pane Light  Medium Sun Screen
Clear Out, 2.5,3 mm 0.87 0.87 Shade in contact with glass or shade 0.33 0.36 0.43
Clear In separated from glass by air space. .
Clear Out,’ 6 mm 0.80 0.80 Shade in contact with glass-voids - — 0.49
ClearIn filled with plastic.
Heat-Abs.” Out, Shade in contact with glass or shade 028 030 0.37
Clear In separated from glass by air space.
6 mm 0.46 0.80 Shade in contact with glass-voids — — 0.41
filled with plastic.

£ Refer 1o munulacturer's literature for exact values.
Refers to grey, bronze and green tinted heat-absorbing glass.
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Appendix I:  Cooling Load Factors When Lights Area on for 8 Hours

26.20 CHAPTER26 1985 Fundsmentals Handboo

3 Table 17A.  Cooling §.oad Factors When Lights Are on for $ Hours

* “g”Coef- *“b” Class- Number of hours after lights are turned on
ficients ification o 1 RS £ 6 7 L] 9 bl 11 » 13 14 15 16 7

e s 4 3 0.02 0.46 865 072 077 %0 D0 LIS 837 0 04 0.9 615 012 0.0 ag7
007 051 061 065-068 071 074 077 034 03I 028 025 022 020 0.8 0.6 0.15
0.1 055 060 063 065 067 069 071 028 026 025 023 022 020 0.19 0.18 017
014 0358 063 064 065 066 022 022 021 020 020 0.19 019 0.8 0.8

001 0.56 072 077 082 085 088 090 037 030 024 0.9 016 0.13 00 008 007
0.06 0.60 068 071 074 076 079 081 028 025 023 020 0.18 0.6 0.15 0.13 0.12

045

228 BERG |~
&
8

068 070 071 073 075 076 023 021 020 019 0.8 0.17 0.16 0.15 0.14 .
01l 066 067 068 06 070 071 072 072 0.8 018 0.17 0.17 046 0.06 €15 0615 G4 014 013 0.13 013 012 0.

066 073 078 082 056 038 091 093 029 023 0.19 0.5 0.2 0.10 008 006 005 0.04 0.03 003 002 002 0f
004 069 072 075 077 080 052 084 085 022 019 0.18 0.16 0.14 0.13 0.12 0.10 009 0.08 0.08 007 006 0.06 0(
007 072 073 075 076 075 079 080 032 0.8 0.47 0.16 0.15 0.14 013 012 0.1 011 0.10 0.10 009 008 008 0
009 073 074 075 076 0.77 077 078 079 0.4 014 0.3 043 0.13 012 002 GI1 0.1f 011 0.0 0.10 010 0.0 0

001 076 080 084 087 090 052 093 095 021 0.7 0.13 0.4l 0.09 007 006 005 004 003 002 002 002 00! 04
003 0.78 .82 0.8¢ 085 037 088 089 0I5 044 013 011 0.0 009 008 007 007 006 0.05 005 004 004 01
005 080 0.8 082 083 084 085 086 (0.87)013 002 0.1l 010 0.0 009 0.09 008 008 007 007 006 006 006 Of
006 081 08 082 083 083 084 084 085 0.0 0.0 0.10 009 005 009 0.08 008 008 008 0.07 007 007 007 04

0.65

0.75

COW> TNE> TOW> SO
e
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Table 17B  Cooling Load Factors When Lights Are on for 10 Hours

“aCoef- *“b” Class- Number of hours after lights are turned on
Hicients ification o 1 2 3 4 5 {3 7 3 2 ¥ n 2 B " 15 6 T W 1 W™ 21 22

003 047 058 066 073 0.78 0.82 08 08 091 093 049 039 032 026 021 017 0I3 0.!1 0.09 007 006 0.05
010 054 059 063 066 0720 073 076 0.78 030 082 039 035 032 028 026 023 021 0.19 017 015 014 0.12
015 059 061 064 066 068 07 072 073 075 076 033 031 029 027 026 024 023 021 020 0.9 0.I8 017
0.18 0.2 063 064 066 0.67 068 06 06 070 071 027 026 026 025 024 023 023 022 021 021 020 0.19

002 057 065 072 078 0.82 085 088 091 092 094 040 032 026 021 G.I7 0.4 011 009 007 0.06 005 0.04
008 062 066 069 073 075 0.73 080 082 084 085 032 029 026 023 021 019 0.17 015 014 012 0.1 0.10
0.12 066 068 070 072 074 075 077 0.78 0.79. 081 027 025 024 022 021 020 0.9 0.17 0.16 0I5 0.14 0.14
069 070 071 072 073 073 074 075 076 676 022 0.2 021 020 020 019 0.8 0.8 0.7 017 0.6 0.16

002 066 073 078 083 086 089 091 093 094 035 031 025 0620 0.6 0.3 0.1 008 007 005 004 004 003
006 071 974 076 079 081 08 084 0.36 087 089 025 022 020 .18 0.16 015 013 0.12- 0.1l 0.0 0.09 0.08
0.09 074 075 077 078 050 081 082 033 0384 0485 021 020 018 0.7 0.6 0.15 0.4 014 O.I3 012 001 011
0.1l 076 077 0.77 078 079 079 0580 0.81 081 082 0.7 0.7 016 0.6 0.I5 0.5 014 0.4 014 013 0.3 012

001 076 08f 084 0358 0950 0952 09 095 09 097 02 018 014 012 009 008 005 005 004 003 003 0.02
004 075 0Bl 083 085 08 085 089 090 091 052 0.8 0.6 0.4 013 042 0.10 009 €08 008 0.07 006 0.06
007 081 082 083 084 OS5 08 OF7 08 080 080 015 Ny 017 612 012 911 010 0J0 0.09 009 008 0.08
008 083 083 084 08¢ 085 085 086 086 087 087 012 012 012 01 0.1 &I 010 €10 0.0 009 009 009

0.45

0.5

0.65

.75

UOmP» DOWP UNWP> TUnW>
e
2
-

epoe pooo oo seee B

( '“1\;95:3]3( Bours aft ;rih 5 furged on

:&'&L}“!%ﬁﬂ‘jlhg ﬁ;%m« 15s M 0. B ¥ B» n n
089 091 093 094 095 051 041 033 027 622 017 0.4 0.11 009 007
079 082 083 085 087 043 039 035 031 028 025 023 021 018 017

076 077 079 030 081 037 035 033 031 029 027 626 024 023 021
073 074 074 075 076 032 031 030 029 028 027 026 026 025 024

09 093 054 095 09 042 034 027 022 018 0.4 011 009 0.07 005
083 085 0.86 088 089 035 €32 028 026 023 02 019 017 0.15 014
0.80 081 053 084 085 030 029 027 025 024 022 021 020 019 017
078 078 079 080 080 026 025 024 024 023 0.2 022 021 020 020

093 094 095 096 097 033 026 021 0.7 014 011 009 007 006 005
0.87 088 089 050 091 027 025 022 020 0.8 Q.16 0.5 0.3 0.2 0.1l
085 086 036 087 088 024 022 021 020 0.9 017 0.16 0.15 0.4 0.14
080 081 08 08 08 083 084 084 085 020 020 0.49 018 0.18 017 0.7 0.16 0.6 015
002 077 081 085 088 090 092 094 095 09 097 097 098 023 0.19 0.15 0.12 016 008 006 005 004 003
006 0.8 0.82 084 086 087 088 090 091 092 092 093 094 0.I9 018 0.16 0.14 013 012 010 009 0.08 0.8
009 083 084 085 036 0.87 038 088 089 09 09 091 05t 0.7 0.16 0.15 014 013 0.12 012 011 o.10 010
0.10 085 085 0.8 086 086 0.57 057 088 088 0.88 0589 089 0.14 014 014 013 013 012 042 0.2 011 0.11

L

014 079 079 080

0.75

cono 0000 D000 S0

Table 17D Cooling Load Factors When Lighis Are on for 14 Hours

“2”Coct- ‘b Class- 2 Number of hours after lights are tarned on
L 1 2 3 4 s 6 7 3 9 o 1 2 3 4 3 B 1 18 3 2 2T

007 051 061 068 074 079 0.3 087 039 091 0593 094 095 096 097 053 -042 034 027 022 018 0.14 0.2
018 061 065 068 072 074 077 079 081 083 085 036 088 039 090 046 041 037 034 030 027 024 022
024 067 06 071 073 074 076 077 079 080 081 082 083 084 085 041 039 036 034 032 030 028 027
026 071 072 072 0.73 0.74 075 076 077 078 078 079 080 030 080 036 035 03¢ 033 032 031 030 029

005 065 068 074 0.79 083 036 085 091 093 094 095 09 057 098 043 035 028 022 018 0.15 0.2 009
015 068 071 074 077 079 081 083 085 086 083 039 090 091 092 038 034 031 027 025
0.19 073 075 0.76 0.76 0.79 030 081 08 084 085 08 08 087 085 034 032 030 028 026 025 023 022
076 077 077 078 0.79 079 03¢ 081 081 082 08 083 083 084 029 028 028 027 026

005 069 0.75 030 024 087 039 052 093 095 09 09 097 0S8 098 034 027 022 0I7 0.4 011 009 007
011 075 078 080 082 064 035 087 0.88 089 050 091 052 093 094 029 026 024 021 019 0.17 0.16 0.4
015 072 080 0382 083 084 035 086 086 087 088 039 089 050 091 026 025 823 02 020 0.19 0.18 017
017 081 082 082 083 083 034 084 085 085 036 086 087 0.87 087 023 022 021 021 020 020 0.19 0.8

0603 078 082 086 0.88 051 092 094 095 096 097 097 0958 058 099 024 019 046 012 0.10 008 0.07 005
008 082 084 08 08 038 09 051 092 092 093 094 094 095 09 021 019 637 0I5 614 012 OI1 010
0.1 085.086 087 088 088 089 05 090 091 091 092 092 093 093 0.9 018 0.I7 0.16 0.15 0.14 0.13 0.12
012 087 087 087 088 088 089 089 039 090 090 090 090 091 091 0.6 0.16 015 0.15 0.4 0.14 0.4 0.13

i
:

045

0.78

TOmP UORP> UNEP> DO®E>
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Appendix J:

Rates of Heat Gain from Occupant of Conditioned Spaces and Sensible

Heat Cooling Load Factors for People

ir-Conditioning Cooling Load
Table 17E_Cooling Losd Factors When Lights Are on for 6 Hours

26

.21

Coef-

“b" Class-

Number of hours after lights are turned on
»

R SN, WA TR NN, T IR DO A e THA R TN SRR e MR RN N U S NS
A 012 054 06 070 076 081 085 088 090 092 094 095 096 097 097 098 098 054 043 035 028 023 0.8 0.5
B 02 066 069 072 075 078 080 082 084 085 087 088 089 090 091 092 093 049 044 039 035 052 029 026
a8 C 029 072 074 075 077 078 080 081 052 053 084 085 086 087 088 088 089 045 042 039 037 035 033 031
D 031 075 07 077 077 078 079 079 050 081 081 08 082 08 083 084 084 040 039 037 036 035 034 033
A 010 06 070 076 081 03¢ 087 050 052 093 095 09 057 097 098 098 099 044 035 028 023 0.8 015 0.2
B 019 072 075 077 080 082 084 085 0.87 088 089 050 091 092 093 094 094 040 036 032 029 026 024 02
158 C 024 077 079 080 081 082 0.83 08¢ 085 086 087 088 088 089 090 090 091 037 034 012 030 029 027 025
D 026 080 081 082 082 083 083 03¢ 084 085 085 086 086 0.86 087 087 033 032 031 030 029 028 027
A 007 071 077 081 085 088 050 092 094 095 096 097 097 098 098 09 09 034 027 02 018 0.14 0.12 009
B 015 078 0Bl 052 084 086 087 088 090 091 092 092 093 094 094 095 096 031 028 025 023 020 0.8 016
165 C 018 082 08 08 085 036 057 088 089 089 050 090 091 092 092 093 093 028 027 025 024 022 021 020
D 020 084 085 085 08 086 087 087 087 088 088 088 089 039 089 09 050 025 025 024 023 022 022 021
A 005 079 083 087 089 091 09 094 095 096 097 098 098 098 099 09 09 024 020 0.6 0.3 0.10 0.08 0.07
B 011 085 086 08 089 09 051 092 093 093 094 095 095 096 096 096 097 022 020 0.8 0.6 0.5 013 012
175 C 013 087 088 089 0.89 050 091 091 092 092 093 093 094 094 094 095 095 020 0.9 0.A8 0.7 0.46 0.5 0.14
D 014 089 08 089 090 050 050 091 091 091 091 092 092 092 092 093 093 0.8 0.8 0.7 0.17 0.16 0.16 0.5
Table 18 Rates of Heat Gain from Occupants of Conditioned Spaces®
TMH&AMN,M* Total Heat Adjusted® Sensible Heat Latent Heat
egree of Activity Typical Application Watts Watts Watts Watts
sated at rest ‘Theater, movie 115 100 60 40
sated, very light work Y -
writing Offices, hotels, apts 140 120 65 55
zated, eating Restaurant¢ 150 170¢ 75 95 o
sated, light wq Offi {g) 70 @ A l-a 75 75
Univetsity of NMPoratuwa, S1i Lamm ;
tanding, Iy ;
walki: ridl@etsenic Theses & Dissertatio % 9
ight bench Factoek vx - |11 ~ ped 23511~ 230 100 130
- wvw . lib.mrt.a&’lk
Jalking, 1.3 m/s,
light machine work Factory 305 305 100 205
owlingd Bowling alley 350 280 100 180
{aderate dancing Dance hall 400 375 120 255
feavy work, heavy
machine work, lifting  Factory 470 470 165 300
{eavy work, athletics Gymnasium 585 525 185 340
i
N SOl

ENote; Tabulated values are based on 25.5°C room dry-bulb temperature. Fuﬁ.&'Cmo-&y-w!b the total heat remains the same, but th
1ately 8% and the latent heat values increased accordingly.

”Adj-tdmplhmnhkbudu-nﬂmd-a.m-d%fa*

ale, and that the gain from a child is 75% of that for an adult maje.
=mwwmmmmh-mm-nﬁWhrwdnwmw sensible and 8.8 W latent).

dEor bowling figure one person per alley actually bowling, and all others as sitting 117 W or standing and walking slowly 231 W..
Isa refer to Tables 4 and 7, Chapter 8.

listed, with the

th umm»mtmhuﬂdmuuu«

1l values rounded 10 nearest S watts. .
Table 19 Sensible Heat Cooling Load Factors for People
Total Hours in Space Hours after Each Eatry lato Space
1 2 3 4 5 6 7 L) 9 10 11 1z 3 1“4 15 16 17 18 19 2 n n 3 M
2 049 0.58 0.17 0.3 0.10 0.08 0.07 0.06 005 004 004 003 003 002 002 002 002 001 001 001 001 001 001 001
4 049 059 066 071 027 021 016 0.4 0.II 0.10 008 007 006 006 005 004 004 003 003 003 002 0.2 0@ OO
6 050 0.60 067 072 076 0.79 034 026 021 0.8 015 0.3 0.1 0.0 008 007 006 006 005 004 004 003 0.03 003
8 051 0.61 067 072 076 080 082 0.84 038 030 025 021 0.8 0.5 043 0.2 0.0 009 008 007 006 005 0.05 004
10 053 062 069 074 077 080 083 035 087 089 042 034 028 023 020 0.7 0I5 0.3 011 040 009 008 047 00
12 055 064 070 0.5 079 08I 084 086 088 089 091 092 045 036 030 025 021 019 0.16 03 012 OAF 009 008
14 058 066 072 0.77 080 083 085 087 089 05 091 092 09 094 047 038 031 026 023 020 017 0.5 013 oM
16 062 070 075 079 082 085 087 088 090 091 092 093 094 095 095 096 049 039 033 028 024 020 0O.I§ 036
18 066 074 079 082 085 087 089 050 092 097 054 094 095 096 096 097 097 097 050 040 033 028 02 024
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Appendix K: Overall Coefficient of Heat Transmission(U-Factor) of Windows,
Shading Patio Doors and Skylights for User in Peak Load Determination and
Mechanical Equipment Sizing only and not in Any Analysis of Annual Energy
Usage, W/m2-0C

Lif 3
Ed . -
27.10 CHAPTER 27 1985 Fundsmentals Handbook

Table 13 Overall Coefficionts of Heat Transmission (U-Fuctor) of Windows, Stiding Fatio Doors, and Skylights
for Use In Peak Load Determination and Mechanical Equipment Sizing Ouly and Not in Any Analysts

of Annusl Energy Usage, W/m*+ °C
PartA. Exterios? Voreet uacte
Glam Outdoor Sash
u-.umn-
No Storm Ssh 10 Described Product
—NoShede = Iedeerfhede — NoShade = lsdesrShede
o Winier*  Semmert®  Wister® Semmert  Wister® Semmers® _ Wister® Semimer
Flot Glas® g .
Single Olass, Clear 62 5.9 4 a6 23 28 28 24
Gilass, Low
-::umw
=060 58 57 4 a3 27 34 22 i
€= 0.40 52 5.1 bX) 40 2. 34 21 3
=020 45 43 33 31 23 24 1.9 24
Glass,
S mm air K] %] 10 33 21 23 17 21
6 mm air space’ 33 s 21 3 20 22 16 20
13 mm air space® 23 32 24 30 1.8 22 14 21
13 mm alr space
low coating"
= 0.60 24 30 22 24 23 23 14 21
=040 22 23 20 24 1.5 22 1.3 20 |
=020 18 22 K] 20 14 1.9 ' (K]
Insulating Olass,
6 mm alr 22 2.8 1. 23 1.3 15 13 17
13 mun ar space’ 1 22 15 20 1.3 . 1 17
Glasms lndoor Slernm Sesh Aceybie Tadoar S Sash
25 mm Al Space® Added 25 mm Ak Space® Added
. . ol i Pgoduct . 1o Described T ralinet
University.0f Motatawa, Sri-tanka’ e
Wister* .  Sw e Winter? er* * Wigter* Summer** Summer**
z ElectrQic LNeses & D]Sseriations |, N
8 ¥
www.lib.mrt.acll . o
24 26 0 2) 2) 26 20 b A )
21 20 1.4 1.7 2.0 20 .. (R
21 23 12 20 20 22 16 w0
20 22 16 2.0 19 22 15 1y
18 22 14 2.0 1.7 21 14 9
17 2.1 14 19 16 20 13 .
15 19 13 17 1.5 ] 13 14
14 1.6 1 1.5 14 16 (N 14
15 14 13 17 13 18 1.3 &}
13 17 1l 16 13 (k] 1.0 14
Passive Solar Gain Part B. Exterior® Horizontal Panes (Skylights)
Energy analysis of a fenestration product should include Description Winted Summerd
the value of passive solar gain in winter through the product Flat Glass®
As described in Chapter 57, 1982 APPLICATIONS VOLUME, the  gjpole 70 R
magnitude of this energy depends on a number of Glass; Double
variables such as latitude and orientation. In many cases, S mm alr space’ 40 32
passive solar gain enables properly designed and used 6 mum air space’ 17 31
fenestration products to allow more energy into the building 13 mm air spacet 14 28
over the course of a heating season than they lose, making 13 mm aic spacc,
them energy contributing rather than encrgy consuming. Care iy conting 32 26
must be taken 1o control excessive solar gain during the cool €= 040 30 24
ing season. e=020 21 20
Plastic Domes
Overall Coefficient of Heat Transfer vy s e
In the absence of sunlight, heat flows through fenestration w'w“ 40 26
thermal conduction. When the outdoor temperature, 1, is
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Appendix L: Glass Performance Data

4 = :

GLASS PERFORMANCE DATA : 24mm IG Unit (6mm-12mm gap-6mm)

Glass Configuration Visible Light Solar Energy U-Values - W/m?®-°K

S LR%[LR% SF 1 win-NFRC | sum-NFRC| EN673 | LSG
e Bl b Ext. | Int. A% | T BNA10 SHEC| SC air/argon™* | air/argon** | air/argon**
4 it T a T E
STARPHIRE + STARPHIRE B84 15 15 14 84 0.81 0.82 | 0.94 2.70/2.55 2847271 2.8/27 1.02 |
Clear + Clear 78 15 15 12 61 0.71 0.70 . 0.81 2.70/2.55 284/217 2.8/2.7 113
SOLEXIA + Clear 89 13 15 8 39 0.50 | 0.48 | 057 2.70/2.55 284/271 28127 1.41
‘| ATLANTICA + Clear 60 11 14 7 28 .41 0.4C | 047 2.70/2.55 2.€4/2.71 28/27 1.50
AZURIA + Ciear 61 11 14 Z 28 0.41 0.39 | 0.45 2.70/2.55 284/271 28/27 1.56
CARIBIA + Clear 60 11 14 7 28 040 | 0.39 | 045 2.70/255 2.84/2.71 28/27 1.54
PACIFICA + Clea+ 38 7 13 6 23 0.35 | 036 | 0.41 2.70/2.55 284/271 28/27 1.06
SOLARBLUE + Clear 50 9 13 {4 37 049 | 042 | 056 2.70/2.55 2847271 28/27 1.02
SOLARBRONZE + Clear 47 8 13 it 39 0.49 | 051 | 0.59 2.70/2.55 284/2.71 28727 0.92
SOLARGRAY + Clear 40 7 13 T 33 0.44 | 045 | 0.53 2.70/2.55 284/2.71 28/27 0.89
OPTIGRAY 23 + Clear 21 5 12 5 15 0.27 | 0.29 | 0.34 2.70/2.55 2.84/271 28/27 0.72
GRAYUTE + Clear 12 5 12 5 198 0.30 | 0.34 | 0.39 2.70/2.55 2.84/271 28/27 0.35
S : HATaRER : R R A S e G < S R S
SUNGATE 500 (2) + Clear 74 17 17 14 52 063 | 062 | 071 /] 1.98/1.75 | 203/1.79 20/1.7 1.19
SOLEXIA + SUNGATE 500 (3) Clear 64 14 16 9 33 0.46 | 045 | 051 1.98/1.75 2.03/1.78 20/17 1.42
ATLANTICA + SUNGATE 500 (3) Clear 56 12 16 7 25 0.36 | 0.35 | 0.41 1.98/1.75 2.03/1.78 2.0/1.7 1.60
AZURIA + SUNGATE 500 (3) Clear 57 12 15 7 24 0.37 0.34 | 0.40 1.98/1.75 2.03/1.79 20/1.7 1.68
CARIBIA + SUNGATE 500 (3) Clear 56 12 15 7 24 0.36 | 0.34 | 0.40 1.98/1.75 2.038/1.73 2.0/1.7 1.65
PACIFICA + SUNGATE 500 (3) Clear 35 7 14 6 19 0.31 030 | 035 JA1 9&\/ 1.75 2.03/1.79 20/1.7 117
SOLARBLUE + SUNGATE 500 (3) Clear 45 10 15 9 32 2.0/1.7 1.05
SOLARBRONZE + SUNGATE 500 (3) Clear ad 9 15 9 33 20/1.7 0.96
SOLARGRAY + SUNGATE (3) Clear 37 8 15 8 28 20/1.7 0.93
OF'HGHAYZid-SUNGATESOO(S)Cm 19 6 14 6 20/1.7 0.79
GRAYLITE + SUNGATE 500 (3) Clear 1 6
16/13 1.84
3 | +10 4 0. | 16/1.3 1.91
ramic Iilc‘ ses & ?ftssﬁ

16/13 1.96

1.6/13 1.93

wﬁ.i;&naf&ec,ll{“ FosrTow i [ vooriss | varisLaon

16/13 1.58
16/138 1.57

<)
~

16/138 1.56

SOLARBAN&JQ)SQ.AHGRAY+GW 35 6 11 12 17 | 026 1.60/1.2¢ 16/13 1.40
SOLEXIA + SOLARBAN 60 (3) Clear 61 11 11 11 25 | 038 1.60/1.29 16/13 1.69
ATLANTICA + SOLARBAN 60 (3) Clear 53 9 10 20 | 0.33 16/1.3 171 |
AZURIA + SOLARBAN 60 (3) Clear 54 9 10 T 21 0.35

CARIBIA + SOLARBAN 60 (3) Clear 54 9 10 4 20 | 0.34

PACIFICA + SOLARBAN 60 (3) Clear 34 6 9 74 15 | 0.27

SOLARBLUE + SOLARBAN 60 (3) Clear 45 8 10 13 21 0.35

SOLARBRONZE + SOLARBAN 60 (3) Clear 42 7 10 17 20 | 033

SOLARGRAY + SOLARBAN 60 (3} Cisar 35 7 10 13 17 1.0.30

OPTIGRAY 23 + SOLARBAN 60 (3) Clear 18 5 9 6 9 0.30

GRAYLITE + SOLARBAN 60 (3) Clear 11 5 9 10 7 0.17

SOLARBAN 250 (2) OPTIBLUE + Ciear 51 8 11 23 26 | 034 | 032 | 0.36 1.66/1.38 .60/1.28 16713 1.59
SOLARBAN 750 {2) OPTIBLUE + OPTIBLUE 36 T4 g 23 20 | 033 | 031 | 0.36 1.66/1.38 1.60/1.28 1.6/13 1.16
SOLEXA + SOLARBAN 250 (3) OFTIBLLE 44 10 rd 1 19 | 038 | 035 | 041 1.66/1.38 1.60/1.28 16/13 1.26
ATLANTICA + SOLARBAN z50 (3) OPTIBLUE 39 8 % 7 15 | 032 | 0.30 | 0.34 1.66/1.38 1.60/1.29 16713 1.30
AZURIA + SOLARBAN z50 (3) OPTIBLUE 39 8 7 7 15 034 | 030 | 035 1.66/1.38 1.60/1.29 16/13 1.30 |
CARIBIA + SOLARBAN 750 (3) OPTIBLUE 39 8 7 7 15 | 033 | 0.30 | 0.35 1.66/1.38 1.60/1.29 16/138 1.30 |
PACIFICA + SOLARBAN 250 (3) OFTIBLUE 24 3 7 Z 11 026 | 0.24 | 0.28 1.66/1.38 1.60/1.28 16/13 1.00 |
SOLARBLLE + SOLARBAN z50 (3) OPTIBLUE 32 4 Z 13 16 | 034 | 032 | 0.36 1.66/1.38 1.60/1.29 16/13 1.00 |
SOLARBRONZE + SOLARBAN 250 (3) OPTIBLUE U . 6 15 0.32 | 0.31 | 0.35 1.66/1.38 1.60/1.29 16/13 0.97
SOLARGRAY + SOLARBAN 750 (3) OPTIBLLE 25 B 7 13 13 022 | 0.28 | 0.32 1.66/1.38 1.60/1.28 16/13 C.89 §
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Appendix M: Data for Cooling Load

DATA FOR COOLING LOAD

1. Thermal properties of building materials —Resistance (R)

a. Roofing

i. Asbestos —cement shingles

ii. Asphalt shingles

b. Masonry materials
i. Concretes mortar

ii. Concrete sand/stone aggregate

iii. Brick common

iv. Concrete block 3 cores 200 mm

c. Plastering materials

i. Cement plaster 9.5 mm
ii. Gypsum plaster 12 mm

d. Insulating materials

i. Mineral fibre acoustic tile

e. Finishing floor materials

i Carpet & fibrous pad

ii. Tile ceramic

0.037 m*.°C/W

0.077 m®.°C/W

1.39 m.°C/W per thickness
0.76 m.°C/W per thickness
139 m °CIW per thickness
020 m®.°C/W

0.014 m’°C/W

0.056 m”°C/W

19.85 =.°C/W per thickness
0.37 m’.°C/W

0.009 m” °C/W

Table 1 Surface Conductances and Resistances for Air

Surface Emittance,

University of I\».Aor*ﬂyu,i;ih Sri La;\,lk‘l

Direction tive
Eleetwonic Theses: &Dﬁﬁcﬂanbﬂs ,,,,,,,,,,, ‘v
Surface Floy ; I, F3
www - ib-mrtac: lk el =
Horzontal Upwa 926 011 ¢ 19 432 323
Slopmg—45° va«srd 909 011 5.00 020 415 024
Vertical Horizontal 829 012 420 024 335 030
Sloping—435° Downward 7350 013 341 02 256 .39
Horizontal Downward 6.13 016 210 048 125 (.80
MOVING AIR (Any poswion) Mo R
Wind (for winer) Any 3530 0030 — - - —_
", U8 I 6.7 m/s (24 kmv/h) -
Wmd (forsomener)  Any - 2700447 — L

34 m’ (12 kmb)

Eng. Chandana Dalugoda

Paps 108
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Data for Cooling Load (continued)

2. Overall coefficients of heat transmission (U-factor) of Windows

a. Flat glass- single pane, clear (59 W/ m™C No shade

b. Flat glass- single pane, clear 4.6 W/ m*C Indoor shade
. c. Insulating glass, > mm air space 3.7 W/ m*°C No shade

d. Insulating glass, 5 mm air space 3.3 W/ m®C Indoor shade

3. Heat output from occupancy

Table 1 Representative Rates at Which Heat and Moisture Arve Given Off by Human Beings in Different States of Ac(

Total Heat, W P et % Se-s;b:“?e
Adult  Adjusted.  Heat, Heat §o - et
Degree of Activity Male ALE? w w Low 1™ ]
Seated at theater Theater, matizee 115 95 63 30
Seated at theater, aight Theater. maght - 115 105 70 35 60
Seated, very light work Offices. hotels, apartments 130 115 70 45
Moderately active office work Offices. hotels. apartments 140 130 75 55
Standing. light work. walking Department store; retail stoge 160 130 75 55 58
Waliuag, standing Drug store, bank 160 145 75 70
Sedentary work Restaurant® 145 160 80 80
Light bench work Factory 235 220 §0 140
Moderate daacing Dance hall 265 250 e0 160 19
Walking 4.8 ken'h; light mackige work Factory 295 295 110 185
Bowling? Bowling alley 440 435 170 253
Heavy work Factory 440 425 170 255 54
Heavy machine work Lifting Factory 476 47 183 285
Athletic B asd ’ S e 210 31
Universftg“of Moratuwa, Sti Latika. s

Electronic Theses & Dissertations
www.lib.mrt.ac.lk

Eng. Chandana Dalugeda Page 2¢£3
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Appendix N:  Minimum Ventilation Rates in Breathing Zone

TABLE 6-1  MINIMUM VENTILATION RATES IN BREATHING ZONE
(This table is nok velid i isciation;. itmust be usad in conjunction with the accompanying notes.)

People Outd: Avea Outdi Default Values
i ; Mn?n Airl::u Occupant Density r bined Outdo 2
Category Motes (see Note 4) Air Rate (see Note 5) Class
cfiv/person Lisperson efno/ft®  Lisrm® ot’;;’:’:o'::z cfm/person L/s-person

Correctional Facilities
Cell 5 i 0.2 0.6 25 10 49 2
Dayroom 3 25 0.06 a3 30 7 = 1
Guard stations 35 25 0.06 a3 15 9 4.5 1
Booking/waiting 7.5 38 006 03 50 9 44 2
Educational Facilities
Daycare (through age 4) 0 3 0.18 0.9 25 17 8.6 2
Daycare sickroom 10 3 0.18 9 25 17 8.6 3
Classrooms (ages 5-8) 0 5 012 a6 25 15 74 1
Classrooms (age 9 plus) 10 5 0.12 0.6 35 13 6.7 I
Lecture classroom 75 38 0.06 03 65 8 43 1
Lecture hall (fixed seats) 7.5 38 0.06 0.3 150 8 40 ]
Art classroom 10 3 0.18 0.9 20 19 9.5 2
Seience laboratories 10 5 0.18 09 25 17 8.6 2
mﬂ"fgg"'kg 10 5 018 09 25 17 8.6 2
Wood/metal shop 10 3 0.18 0.9 20 19 9:5 2
Computer lab 10 5 0.12 0.6 25 15 74 ¥
el . University, of Mordfuwa, Sri Lanka.”? ™ !

9k, FlectronioTheses & Dissertations : a1

www lib.mrt.ag 1k

Rest 0.9 70 10 5.1 2
Cafeteria/fast-food dining ).1 0.9 100 9 47 2
Bars, cocktail lounges 75 38 018 09 100 9 47 2
General

Break rooms 5 25 006 03 25 10 5.1 1
Coffee stations 5 2.5 006 03 20 i3 55 1
Conference/meeting 5 25 006 ' 03 50 6 3 1
Corridors = . 006 03 “ 1
Storage rooms - - 0.12 0.6 B - 1
Hotels, Motels, Resorts, Dormitories

Bedroom/living room 5 25 006 03 10 il 55 1
Barracks sleeping areas 5 25 0.06 03 20 8 4.0 1
Laundry rooms, central 5 25 012 06 10 ¥ 8.5 2
mﬁ ":’n‘:‘:s et 5 25 0 06 10 17 8.5 1
Labbies/prefunction 75 38 k06 &3 - 10 48 ]
Miltipurpose assembly 5 25 ol 63 120 6 28 1
ANSVASHRAE Sundurd 62. 1-2007 v 13
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Minimum Ventilation Rates in Breathing Zone (continued)

TABLEG-1 MINBAUM VENTILATION RATES: N BREATHING ZONE (continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People OQutdeor Area Outdoor f Default Values
_ Air Rate Air Rate O Biias Combined Ot
ees ¥ i ‘p Ry Notes (a; Note 4) i Air Rate (sefe:;lnte 5 et
Category Class
cfm/person L/s-person chm/ft®  L/s'm® oi’wm'i‘ cfin/person L/s-person
Office Buildings ¢
Office space 5 25 0.06 03 5 17 85 1
Reception areas 5 25 0.06 0.3 - 30 7 35
Telephone/data eatry 5 25 0.06 03 60 6 3.0 1
Main entry lobbies 5 25 0.06 0.3 10 11 5.5 1
Miscellaneous Spaces
Bank vaults/safe deposit 5 25 0.06 03 5 17 85 2
~ Computer (not printing) 5 2.5 0.06 0.3 4 20 10.0 I
Electrical equipment i b 0.06 03 B % |
rooms
Elevator machine rooms - - 0.12 0.6 B - 1
Pharmacy (prep. area) 3 25 0.18 09 10 23 115 2
Photo studios 5 25 0.12 0.6 10 17 85 ]
Shipping/receiving - - 0.12 0.6 B - ¥
Telephone closets - - 0.00 0.0 - 1
Transportation waiting 75 38 0.06 03 100 8 4.1 1
Warehouses 0.06 0.3 B 2
Public Assembly Spaces | 2 n
uing ok NIVETSILY 0 Moratuwa, Sri Lanka. R
;° ElectroniesTheses & Dissertations -« e
www.lib. mrt. ae:lk o . 2
mbers 5 2.5 0.06 0.3 50 6 3.1 1
3 23 Q12 0.6 W i7 85 1
Lobbies 3 25 0.06 03 150 5 27 1
Museums (children’s) 75 38 0.12 0.6 40 11 53 1
Museums/galleries 7.5 3.8 0.06 0.3 40 9 4.6 ]
Residential
Dwelling unit 5 25 0.06 03 F.G F 1
Common corridors - - 0.06 03 1
Retail
Sales (except as below) 75 38 0.12 0.6 15 16 78 2
Mall common areas 7.5 38 0.06 03 40 9 4.6 1
Barbershop 2.5 3.8 0.06 03 5 10 5.0 2
Beauty and nail salons 20 * 10 0.12 0.6 25 25 124 2
Pet shopa (animal, asnan) 25 38 0.18 0.9 s e, 26 12.8 2
Supermarket 75 38 0.06 03 8 15 7.6 1
Coin-operated laundries 25 38 . 606 03 20 11 53 2
4 = \ ANSIIQM Swandard 62. 1-2007
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Minimum Ventilation Rates in Breathing Zone (continued)

TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE (continued)
(This table is not valid in isolation: it must be used in conjunction with the accompanying notes.)
People Outdoor Area Outdoos Default Values
Yecupancy .‘ Alrl::mc A“kl:me Notes < (se‘e No:)ee‘;l)sity .:ir R:te (:e(: I‘;;te 5) o
Category Class
cfm/person Li/s-person cfm/ft® Lism’ :_I;;):) :Ofiz cfm/person L/s-person

Sperts and Entertainment
Sperts arena (play area) - - 0.30 iS5 E - 1
Gym, stadium (play area) = - 0.30 L3 30 2
Spectator areas 7.5 38 0.06 03 150 8 4.0 1
Swimming (pool & deck) = = 0.48 24 C - 2
Diisco/dance floors 20 10 0.06 0.3 100 21 103 - 1
sl 20 10 006 03 40 2 10.8 2
Health club/weight rooms 20 10 0.06 0.3 10 26 13.0 2
Bowling alley (seating) 10 5 0.32 0.6 40 13 6.5 1
Gambling casinos 15 38 0.18 0.9 120 9 4.6 1
Game arcades 75 38 0.18 0.9 20 17 8.3 1
Stages, studios 10 5 0.06 0.3 D 70 11 5.4 1

GENERAL NOTES FOR TABLE 6-1

U Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.
2 Smaking: This table applies to no-smoking areas. Rates for smoking-permitted spaces must be determined using other methods. See Section 6.2.9 for ventilation requirements.

in smoking areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 Ibgy/ft® (1.2 keyy/m?), which

todryairatab pressure of | atm (101.3 kPa) and

an air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

deter

6.2.7 Dynamic Reset. The system may. be designed to
reset the design outdoor air intake flow (¥,,) and/or space or
zone airflow as operating conditions change. These condi-
tions include but are not limited to:

1. Variations in occupancy or ventilation airflow in one or

more individual zones for which ventilation airflow
requirements will be reset.
Note: Examples of measures for estimating such varia-
tions include: occupancy scheduled by time-of-day, a
direct count of occupants, or an estimate of occupancy or
ventilation rate per person using occupancy sensors such
as those based on indoor CO; concentrations.

2. Variations in the efficiency with, which outdoor air is
distributed to the occupants under different ventilation
system airflows and tcii ot

3. A higher fraction of outdoor air in the air s'upply due to
intake of additional outdoor air for free cooling or exhaust
air makeup,

ST, e

ANSHASHRAE Standard 62.1-2007

Drefault ncnupnm density: The default occupant density shall be used when actual occupant density is not known.
lir rate (pcr pemn Thns rate is hsed on lhc defauit occupant denslty

zone is not liste

d. the requirements for the listed occupancy category that is most similar in terms of

Um\ ersm of Momnma Sr1 Lank']

of tha

6.4, kabaust Ventilation. cxhaust airflow shall be pro-
vided in accordance with the requirements in Table 6-4.
Exhaust makeup air may be any combination of outdoor air,
recirculated air, and transfer air.

6.2.9 Ventilation in Smoking Areas. Smoking areas
shall have more ventilation and/or air cleaning than compara-
ble no-smoking areas. Specific ventilation rate requirements
cannot be determined until cognizant autherities determine
the concentration of smoke that achieves an acceptable level
of risk. Air from smoking areas shall not be recirculated or
transferred to no-smoking areas.

6.3 Indoor Air Quality (IAQ) Procedure. The Indoor Air
Quality (IAQ) Procedure is a performance-based design
approach in which the buﬁdmg and its vcnttlanon system are
designed to maintain .. conecnt
nants at or below certain hmlts identified du.rmg the building
design and to achieve the design target level of perceived
indoor air quality acceptability by building occupants and/or
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