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ABS'.L'RACT 

Rapidly rising energy prices have focussed attention on the operating 

costs of cormnercial buildings. In order to minimise energy use in 

new and existing buildings, an effective Energy Management Programme 

must be implemented .. 

. Any·Energy Management Prograrmne should not conserve energy at the 

expense of a lowering of comfort standards and subsequent complaints· 

from occup.;mts. The comfort conditions are determirn~d largely by the 

lighting and air conditioning syst~ms, which are the two main users 

of energy in buildings. 

A hypothetical model building was chosen as the base against.which to 

evaluate measures to conserve energy. This building was based upon a 

typical modern South African cormnercial building. As the services 

systems on buildings are usually quite complex, the pe'rformance of 

each sub-system as well as' the interaction between them was 

analysed using a systems en~ine~ring approach. 

To this end, a comprehensive checklist of energy conservation measures 

was compiled and analysed. These .measures include modifications and 

improvement-s to the illumination, air conditioning and hot water systems' 

as well as to the building itself. In addition, measures are proposed 

to ensure e£ficient maintenance and operation of these systems. 

Energy surveys ~ere carried out on several buildings using the Ertergy 

Management Prograrmne guidelines. A comprehensive questionnaire was 

developed to assist in collecting only the most relevant information. 

The. survey revealed that· the standard of operation of many buildings 

was very poor and that energy was being needlessly wasted. Operators 

were inadequately trained, th~ oper~ting instructions were not suiied 

to them and there was very little supervision and monitoring of their 

tasks. 

viii ,. 



It was found that implementation of the energy coriservation measures 

Mould generally result in the expected savings. On some buildings· 

the cost of the modifications would result in a.long payback period 

due to the eiisting building design. The guid~lines would natur~lly 

be most effective if considered during the design of new buildings. 

The analysis of the buildings surveyed indicated that considerable 

scope exists in South Africa for energy economy and efficiency in · 

building design and operation. The wasteful situation that has 

gen~rally prevailed due td the uncontrolled use of previously cheap 

energy.should be reappraised as rising energy prices have more 

1rifluence on building·management and administrative methods. 

, ,,. 



CHAPTER ,ONE 

INTRODUCTION 

1.1 ENERGY 

Energy, unt.il recently, has been regarded as inexhaustible and 

expendible, as most forms of ·energy have been inexpensive and readily 

available. 

Most modern commercial buildings have typically been designed and 

constructed on an initial-cost basis, without adequate consideration 

as to the life-cycle operating and maintenance costs. 

This had led to the erection of many energy wasteful buildings. 

1.1.1 Energy Sources 

The main source of energy used today is fossil fuels. Although other 

sources are available 6r are developing on a sm~ller scale~ (and in · 

many cases, on a long term basis), at the current rate of consumption 

energy derived from fossil fuels will be exhausted before the end of 

the next century. 

Thus theirrunediate challenge facing man is to make better and more 

economical use of energy, i.e. to minimize its use. 

The world as a whole relies on oil· for almost 50/, of its total energy 

requirements, with oil and gas together accounting·for 67%. In 

South Africa, coal or coal derived fuel accounts for about 75% of the 
• (1J 

primary energy, the remaining 25% being·imported oil. 
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1.2 DESIGN OF BUILDINGS 

Before the advent of air conditioning, large buildings were usually 

design~d with courtyards and long and narrow office blocks. In these 

instances, to obtain ventilation in working areas, single width offices 

on either side of a ceritral corridor were provided. 

these buildings occupied large ar~as of land. 

Consequently; 

The introduction of air conditioning systems allowed the 

building'shape to change. Large buildings· became square or rectan,gular 

in shape, and had large facade areas, 'which were often glass-covered. 

Air conditioning systems had to cope with a complex seasonal situation. 

In summer, an additional heat load was imposed by the office equipment, 

and in winter the ~nterior zones had to be cooled rather than heated. 

Also, due to the glass facades, a perimeter area could change from a 

heating to a cooling requirement when the sun shone. 

In order to cope· with these problems, ~ir conditionin~ engineers developed 

fresh-air· supply systems that ~an either heat or cool. These-systems 

consume a large amount of energy in a complex situation that is a 

function of th~ weather, the time of the year and the use of the space 

by the otcupants. 

It has been estimated that in European countries between 40%-50% of 

energy is used for controlling the environment in buildings. 
( 2) 

This 

energy is mainly used for heating, cooling :and lighting. Comparable 

values fO"r South Africa arc not availabie, but: considering th;:it 

Sduth Afric~n buildings do not generally h~ve the same heating 

rcquir.ements ;is thei.r European counterparts, a· reasonable estimate of 

·the value of the total energy consumed in buildings is 20%..,-30%. 

-2-
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1.3 COST OF ENERGY 

Energy costs h~ve been increasing over the past few years, and 

building owners have been part~cularly severely affected. 

Figure 1.1 shows the cost .of crude oil for ·the period 1971 - 1975. 
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Although th~ Yorn Kippur war of 1973 was the main cause of the 

"energy crisis", it is also argued that oil was underpriced in the 

past, and th~t the higher current prices reflect the real value of 

this form of energy. 

Figure 1.2 shows the relative value of.oil and gas compared to the 

general price inflation for the period 1961 - 1972. 
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According to figures compiled by the Department of Planning, the 

price of electricity in South Africa is amongst the lowest in 

the world . 

. The average price .of electricity from various supply authorities 

expressed as a percentage of 1977 Escom prices is shown below 

French Power Corporation 

Tokyo ·Electricity Power Corporation 

Electricity Council England 
and Wales · 

State Electricity Council 
Queensland (Australia) 

Central Electricity Gener~ting 
Board (U K) . 

Nova Scotia Power (Canada) 

British Columbia Hydro and 
Power (Canada) 

500% 

420% 

310% 

290% 

240% 

230% 

230% 

· It is possible that in future Escom will be forced to charge for 

electricity at the same rate as overseas .supply authorities. This 

would mean rapid and large increases in cost w~thin a few years. 

This trend appears to be developing at present, as is evident from 

the curve of Figure. 1. 3 overleaf, which shows the cost of Es com 

electricity for the period 1950 - 1977. 
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Cost of Escom Electritity 1950 - 1977 

The installed capa~ity of the Es com grid· in .1974 was 13.435 MW' 

and a total of 70.808 GWh was generated. 

An increase of 20% in the number of units generated would add 

approximately R500m to the. overall energy bill at today's costs. 
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1. 4 FACTORS AFFECTING ENERGY COSTS IN .BUILDINGS· 

1. 4.1 .Load Factor 

A significant factor which has l~d to rising el~ctricity iariffs has 

been the load factor -0f South African buildings. Loa~ Factor is the 

ratio of average to peak demand supplied by the ele~tricity authorities 

and is approximately 0,4 on many commercial office buildings. 

A low load factor requires new generating facilities to be constructed 

to meet the p~ak load, but without adding proportionately to the 

revenue derived from the sale of energy.· 

1.4. 2 Maximum Demand 

Most·large consumers are metered on a maximum demand plus energy 

consumption basis. 

The maximum demand (usually measured in kVA) is the peak average 

consumption reached during a met.ering period. The metering period is 

usually between 15-30 minutes. The energy consumption is the straight 

forward units consumed (kWh) 

Depending on the load factor of the building, considerable scope may 

exist to save costs without actually conserving energy. A lo~ load 

facto'I'.' implies that the energy consumption is occuring at .an irr·egular 

and non-uniform rate. By varying the hours of operation, possibly 

with automatic controls, the consumption rate may be spread out more 

and the maximum demand will thus be reduced,leading to cost savings. 

Convcrsel.y, the nwx1mum. demand can n.se sharply due to inadverterit 

circumstances without a corresponding increase in units consumed~ 

resulting in an unexpected increase in cost. 
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The maximum demand curve of an office building during working hours 

is practically flat, apart from the cooling and heating loads, as 

there is little variation in the loads of lifts, lights; water heaters, 

or of the air conditi_oning ancillaries such as fans and compressors. 

Therefore,. those components of air conditioning load ~hich react to 

varying cohditions, i.e. cooling and heati~g plants, are the main 

vaiiables affecting the cost of energy. 

The following further points should also be borh~ in mind 

a) If any of the non-variable or "bas.e" load components 

mentioned above could be perman.ently · requced without 

repercussions, this would automatically reduce the 

maximum demand by lowering the "base line" above 

which the variable components rise. This approach can 

apply particularly to the air conditioning ancillaries. 

b) The maximum demand of the cooling plant (water chiller, 

pumps and cooling tower fans) does not vary in a linear 

manner with the cooling load. This demand will 

naturally be 100% at full load, but only d~crease to 

approximately 50% at.the lowest load (15-20%) which 

the chiller can achieve continuously. · If the cooling load 

is below that level, the chillE?r will "c.ycle", i.e. stop 

for 20 to 30 minutes and then restart, and it will then 

initially assuine the maximum capacity for which it has been 

pre-set manually. 

ln this manner, whilst the cooling load is only 10% 

of maximum capacity, one could easily get a maximum demand 

reading of.75% of fun load of the cooling plant which would, 

under the conditions described (small need for cooling) 

coincide with a high heating load. 

-8-



t) The response of the maximum demand meter installed by 

the Authority is normally _not linear. For example, a 

load of 100.kVA working .during 15 minutes will give a 

higher reading than would 50 kVA acting during a full 

·30 minute metering period, and t_his effect worsens 

that described in (b}. 

d) Any temptation ·to reduce heating in winter in order 

to reduce power consumption and maximum demand must be 

resisted. This will lead to occupants installing 

electric heaters, and the maximum demand will not be 

possible to control. 

e-) Often there is an aspect of power consumption which can 

be tackled to reduce maximum demand .. This is the. 

difference between kVA's (on which.the charge is ba?ed), 

kilowatts (representing useful power) and th~ relation

ship between these two, called -the Power Factor~ 

In most buildings, equipment cari be installed to 

maintain this Power Factor near Unity. 
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1. 5 BUILDING ECONOMY· 

Acceptable working conditions in terms of standards of heating, 

ventilation, lighting and acoustics have been comprehensively analysed 

by numbers of workers iri different countries and form the basis for 

the ~atisfactory engineering.design of services in buildings. 

basis of these staridards it is the architect's arid engineer's 

responsibility to provide the most economical solution. 

There aie certain initial critetia to be met: 

a) Fuel and energy conservation must be profitable 

b) Resources must not be devo.ted· to energy savings 

which could be employed advantageously in more 

profitable activities 

c) It is necessary to consider the economics of the 

complete system associated with a· proposed new 

building 

d) The location should be designed.for the most 

economical use of transport foi workers, supplies 

and products. 

On the 

The building construction should be as economical· as possible in the 

usage of materials and energy and the operation and maintenance of the 

buildings should require the most economical use of labour, materials 

and energy. 

To atta.in the least cost for the sum of transport, of buildings and of 

operation and maintenance, it may bo. necessary to compromise on the 

cost of one or more of the elements. The greatest economic advantage 

may not result in the least use of energy, but nonetheless in reathing 

an overall compromise it is necessary·to reduce 'the energy demands of 

.each element to a practicable minimum. 

-10-



1.6 ENERGY CONSUMPTION IN BUILDINGS 

In considering an energy management progrannne for buildings, two energy 

conservation methods have been advanced. 

The first method involves the implementation of specific conservation 

steps in buildings .. These "end-use" restrictions are simple and easy 

to implement and include such items as adjustment. of the thermostats 

to predetermined levels to use less heating and cooling energy, or 

removal of lamps_ to reduce consumption of lighting energy. 

A di.sadvantage of this method of conservation is that the extent to 

which a sys tern is use.cl has no hearing on its efficiency. tf a system 

is inherently inefficient, it will waste energy every time it is used. 

The "end-use" conservation steps do not take into account the systems 

which actually produce the environmental conditions, suc.h as the heating, 

cooling or lighting systems. 

Considerable .savings may be pos~ible by ~aking the systems operate as 

·efficiently as possible rather than by implementing "end-use" 

restrictions only. 

Each building is to a certain extent a unique system with many inter;... 

relating elements. As a result, removing lamps.and luminaires can 

sometimes cause consumption of more ene-rgy. 

Thus "end-use" restrictions are most suitable for very short.:...term 

applications. 

The second energy conservation approach is a Tcital Energy Management one. 

This method recognises that each building is a unique and complex system. 

-11-



In order to conserve energy, one must first understand 

a) how the building consumes energy 

b) how user's needs are met 

c) how the system's elements interrelate, and 

d) how· the external environment affects the building 

Any energy conservation modifications or improvements can thus be 

·integrated into the overall systell1, and each "end u·se" restriction, 

when analysed on this ba~is, ahd applied with flexibility, would 

result in maximum savings. 

The development of an overall Energy Management Programme requires a 

lot of time and effort in the beginning in order to establish the 

programme elements. 

Significant savings can also sub~equently be obtained through 

operational changes, improved maintenance and repair of faulty 

equipment. 

This project develops guidelines for an ef~ective Energy Management 

Programme for new and existing buildings. The programme elements are 

analysed to establish the potential savings, and the results Df. steps 

that have.been implemented are discussed. 

-12-



CHAPTER TWO . 

REVIEW OF f)EVELOPMENTS IN' ENERGY CONS.ERV AT ION 

Energy conservation has become a Very topical issu~, and a mass of 

liter~ture has proliferated dealing with energy utilisation in 

buildings. 

In America, Britain and in several European countries many research 

studies have been commissioned and sponsored by government agencies, 

and the results of these studies have provided a wealth of informatiori 

for building ~ngineers. 

·rn 1974 V L Sailor published a paper on "Conservation of Energy 1.n 

Buildings" which analyzed the energy situation in the United States and 

its relationship to commercial buildings. A study of the distribution 

of energy usage iri a 50 storey modern office building revealed the 
(4) 

following breakdown : 

Lighting 

Air conditioning 

Pumps ·and accessories. 

Elevators 

M·isce l laneous 

47,0~ 

34,3% 

10,5% 

6,1% 

2,3% 

A feature of A_merican buildings is their high lighting levels (700-1000 lux) 
' and the subsequent increase in the air conditioning load. The situation 

in South Africa is slightly different in that lighting levels are generally 

lower (500-700 lux). 

Sailor lists several methods for conserving e11ergy in buildings, and points 

out that the·time had arrived when fairly expensive modifications will pe 

economically justified. Architects and engineers will berequired to 

consider low energy design~ and operating systems. 

-13-



Current trends 1n $6uth Africa are g~nerally proceeding along the 

ahove lines, despite the obst~~les of convention. 

The United States Federal Energy Administr~tion Produced a series of 

Energy Conservation ,papers in 1975. Paper No 18 deais with off ice 

lighting and makes reco~mendations for changes to lighting design in order 

·to reduce energy consumption without reducing visual comfort.(sl 

The main recommendations .are 

a) 

b) 

c) 

Illumination for office tasks should be 500 lux; 

and for surrounding areas 300 lux 

Local switch.es should be provided as necessary 

to control .the lighting 

More use should be made of daylight 

These reco!Tilll(:'ndci tions have been analysed. 10 the South African context 

and are inclnde.d in Chapter 4. 

At a symposium on '.1\ir conditioning and t·he Built Environment" in 1976, 

HJ Spoormaker suggested that "adaptable" air conditioning and 
(Gl 

i 1 I un:i 11;1 t: i.on systems should he introduced to Sou th African bu i 1 il irigs. 
' ' 

This would result in a modern building illumination system average power 

demand reduction of approx.imately 40%, with a resulting reduction in the 

air conditioning energy consumption a,s well. 

The suggestions and guidelines contained in this paper have been found 

to be very ~pplicahle to the situations encountered on this project, 

arid have be~n developed further. 

-14-



The Department of Planning and the Envircinment have published a 
• (" 7,8,9) 

series of papers on energy conservation. On a qation~l and 

industrial level these papers contain many facts and figures, 

particularly with regard to estimated fut~re needs, On ~he 

subject of Conservation in buildings, the. guidelines are 

fairly general and deal more with statements of suggested policy 

·and planning .strategy than with speci'fic recommendations, Areas 

·requiring further attention are identified and the guidelines are 

formulated to provide a general review of the various factors 

involved and their relevant importance. 

It is unfortunate th~t a more detail~d.an~ly~is of energy consumption 

in buildings has not been undertaken by ·South African Government 

Departments. This ~ould have resulted in more detailed ·energy 

conservation recommendations as well as target consumption figures, 

and, per~aps, a mote consistent composition, interpretation and 

application of building by-laws by local authorities. 

In 1976 M Caratsch pu6lished a paper on "Swiss Examp]es of Energy 
(10) . . . 

Saving in Existing Buildings'', This paper described modification~ 

carried out on buildings in Switzerland. These modifications were 

concerned mainly with insulation of the facade and it does not appear 

that a detailed analysis of the ene~gy efficiency of the various 

building systems was carried 6ut. 

One of the most valuabl~ cont~ibutions to the field of energy conservation 

in buildings was a -conference held on "Energy - Key Factor in Property 

Development and ~anagernent" in Pretoria in April 1978. In a paper 

entitled "Building Systems and Space Efficiency", B Klevansky proposed 

some general guidelines to be used in building design for energy 

efficiency. Tlic'se include the design of lighting 'for specific ta.sks, 

control of solar gain, etc. and have generally been included and analysed 

in this project .1111 
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In South Afric~ there is generally a noticeable lack of a specific 

magazine or .publication dealing solely with all building services, 

with particular emphasis on operation; maintenance and. energy 

consumption. 

As en~rgy co~ts continue to rise, it is expected that the need to 

examine building servi~es systematically, with particular attention 

being paid to the interrelationship between systems, will assume 

more importance. This will. lead to a. departure from the present 

clear cut distinction betweeri electrical and mechanical b~ilding 

engineers tb an integrated approach tha~ ~ill contribute to energy 

economy and will result in a disseminatfon of applicable information. 

-16-



CHAPTER THREE 

ANALYSIS OF ENERGY CONSUMPTION IN BUILDINGS 

3.1 OFFICE BUILDINGS 

An office building can be described as part of an information 

processing system, containing : 

a) the building itself 

b). people 

c) rules 

d) ene~gy for operation 

·An analysis by the General Services Administration in-America, who 
' 

operate about 10.000 buildings, shows that the life costs of the system 

over 40 years are appr·oximately . 

i) 92% - cost of people to process information (salaries) 

ii) 6% - maintenance of facilities 

iii) 2% - first cost of the buildings 

"It is evident that building cost reductions can have only limited 

benefits, while a more thorough analysis of user's needs and, 1,1ltimately,· 
. . (12) 

behaviour, is potentially the.more beneficial". 

Preliminary research has found that increases in productivity are 

influenced by the personal satisfaction of the worker as well as by the 

working conditions. (According to Freder{ck Herzberg's Two-Factor 

Theory of Motivation, when people are dissatisfied, these bad feelings 
• • • • . • ' . ) ( 13). 

are generally associated with the environment in which they are working.· 

On a technical level, the lighting and air conditioning facilities are 

amongst the most. important components that comprise a ple_asant worl_cing 

environment. It is thus evident. that in analysing possible changes to 

the above systems, with the aim of conserving energy, the effect on t_he 

performance of the "information processing system" must be considered. 
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Modifications to these systems should not conserve energy at the expense 

of a largerloss in worker performance. 

3.l. l Lighting System 

Typically, modern office buildings usually have a.modular pattern of 

light fittings. In large areas this will provide a relatively high 

lighting level. .In smaller areas, with. partitio11 div{ders, the level will 

be lower. This is due to the. loss o.f light contribution from. nearby 

fittings, and because a percentage of the light is absorbed by the 

vertical surfaces. In many cases, the lighting level will be based on 

the maximum requirement. 

This arrangement has the following ·advantages 

a) Occupants can put desks and other office furniture anywhere 

iri the space and still achieve satisfactory lighting conditions. 

b) Lat:ge spaces can be sub~divided into.any reasonable size and 

pattern, and still maintai.n the minimum required lighting level. 

c) Once the initial installation i's complete, it can often 

remain unaltered, although the use of the space may change. 

Problems of faul'ty workmanship arising from cheap.and unsuper

vised alterations are thus avoided. 

d) The time needed to implement tenant's requirements (for both · 

new and existing tenants) is reduced, as alterations to the 

lighting system are unnecessary. 

Although the capital cost of providing a modular lighting system may be 

justifiable in terms of the. advantages listed above~ the energy that 

the '·'a\1<li_tional" lights consume 1.s an ongoing cost and is continually 

increasing. 
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3 .1. 2 Air Conditioning Systems 

Modern office air conditioning systems must cater for the heat 

generated by th~ occupants of the space, by the office equipment 

and machinery, and by the sun. The light fittings also generate 

a large amount of heat into .the space, thus imposing an additional 

load on the aii conditioning system. 

In winter, heating is mainly required at the perimeter office areas, 

especially ln the .ciorning as the building cools down ove~night. 

The air conditioning supply air diffusers are often integrated with 

the light fittings to allow them to be _easily installed and repositioned. 

Figure 3.1 below illustrates the typical installation of a modular 

lighting system and an integrated air conditioning system. 

- VllV ELECTRICAL RE;HEAT BOX 

FIG. 3.1 
. . ( 14) 

tfudular lighting and ~ir conditioning system 



The energy costs associated with good com~ort standards have 

in~ieased rapidly over the past 5-10 years. In addition, buildini 

owners and operators have been faced with th~ additional proble~ 

of oversupply of.office accommodation. In SoMth Africa's major 

cities there is a saturation of high quality office space, It is 

estimated that the overall surplus space available today is ·su(ficient 

to meet the projected requirements of the next 20 years. 

Building owners are thus in a situation where they are neithei able 

to demand higher rentals, nor able to f~lly. let buildi~gs, and yet 

are faced with ever-increasing energy bills. This has .resulted in 

some buildings op~rating at a negative cash flow. 

Ways and means have therefore to be found to reduce energy consumption 

of office buildings, while at the same time maintaining the comfort 

standards .as far as possible. 

Many studies have been undertak~n in this field and the results have 

often been incorporated in current building design. This chapter 

analyses the approach to be followed in investigating possible savings 

in energy consumption that may be achieved using these and other 

suggested techniques. 

J.2 REFERENCE BUttDING 

To measure and.estimate possible energy savings, a reference building 

has been selecte~ as a base against which to evaluate the merits of 

implementing the energy c6nservation ~roposals. This reference building 

is equivalent ·to the typical modern office buildings that have been 

constructed in the P.ast few years in South Afrlca. Examples are,: 

Sheil House - Cape Town 

B P Centre - Cape Town 

Carlton Centre - Johannesburg 
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The hypothetical building has the following par~meters: 

underground parking 

~ ground floor shopping podium 

multi-storey office tower 

modular uniform lighting layout 

(lighting level between 500-1000 lux) 

1ully air-co~ditioned offices 

served by a central plant 

Electrical consumption values have been .developed for this reference 

building. The data is shown in Table 3.1 below: 

c~n~cctcd l~ad "(entire building) 

Connected load off ice lighting 

Connected load .small power 

Annual_operating hours 

Ar,nu.:il energy· con$u~ption 

Aver.age montl1ly consunption 

A~NUAL ENESCY CONSU~PTIDN ALLOCATION: 

Li g'.1 ts· 

Air Co~1Citionin3 

V..:ntil:i-tion Fans 

S::1:i l l Pow~r 

Lifts 

Hot '.~at c r 

Mir.cell<::neous 

ARE\: 

Offices (net usable) 

Parking 

Sc~vi~H/Plant rooms 

F .:.n.s, 6 

Cooling 16 

Heating 11 

117 

40 

5 

3000 

. 2 50 

800.000 

33% 

6% 

5% 

3% 

2% 

9% 

1001. 

"-'/r:, 2 

W/w 
2 

w/m 2 

hours 

kHh/m 2 /a 

k1~ h 

2 
2 J_. 000 m 

2.;..100 m1 

8.000 r:i
2 

0 
7.000 m" 

0 
40.000 m~ 

TABLE 3.1 Model building consumption data 
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3.3 SYSTEMS ANALYSIS 

As modern building systems have become increasingly complex, the 

performance of each sub-system as well as their inter-action must 

b~ fully analysed~ If this approach is not adopted, the objective 

of energy conservation will not be met, and a·further increase in 

energy consumption could result. 

Some examples of steps taken to conserve energy, but which did not 

do so, are given below 

a) 

b) 

To reduce electricity consumption in an office 

building, lamps were removed from light fittings. 

This did not, however, result in less overall 

electricity consumption.· The air conditioning 

system had ~lectrical reheat coils :which wer~ 

automatically switch~d on by the'room thermostat 

when the light fittings were switched oft and the 

heat from the fittings no longer generated to the 

space. 

During ·winter, room thermostats wer$ reduced from 

24°c to 20°C to conserve energy. Energy 

consumption actually increased. The building 

zones had high internal heat gains and this, 

together with_ solar loads, caused the air 

conditioning system to actually reduce the 

room temperature to 26°c. 

These examples illustrate how simple explanations and immediate responses 

are not valid to deal with the rapidly changing en~rgy technology a~d 

complex systems that exist in modern buildings today. Therefore, a 

systems engirteering approach~ ·whi~h takes into.consideration the inter

rela.tionship between systems, must be· followed. 

-22-



3.3.1 Systems Behaviour 

A system is a set of inter-related el~ments whose parts are connected 

together in an organized way, are affected by being· i.n the system, 

and ~re changed by leaving it. The stages involved in a systems 
. . h d . (1S) engineering approac are escribed below; 

J. 3.1.1 Systems Analysis - The question of what is going on, and why, 

and whether it may be done better, is analysed. The system and its 

objectives can then be defined, an~ data is gathered about the likely 

performance. 

3.3.1.2 Systems Design - Different ways of operating ·the system are 

investigated and. the best ones are chosen~ thus optimising its 

potential. 

3.3.1.3 Implem~ntation - The optimised system will then ha~e to be 

built. After it has been constructed, it must be checked for 

performance and reliability. 

3.3.1.4 Operation - The system must be handed over to the people who 

have to operate it on a routine basis. This is an area where mis-

understanding and inefficiency must be.avoided and where great care 

should be taken. 

The effectiveness of the operational syst·em must be assessed and improved· 

if possible. 

Analysis of a building ("the system") and its sub-systems ("the 

components") using the systems engineering approach described above will 

ensure that the optimum Energy Management Programme is pr~duced . 
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3.4 DEVELOPMENT OF ENERGY SURVEY CHECKLIST 

As mentioned in Item 1.4.2, electricity tariffs for large consumers 

are normally based on a 2-part structure : 

a) 

b) 

The.maximum demand (kVA), which reflects the 

generating capacity that the loc:ai authority 

has to provide iri order to cope with the 

building load, and 

the consumption, measured in kilowatt hours (kWh), 

·which reflects the rate at which electricity is· 

consumed by the buildin~. 

Thus for a building owner to reduce the electricity cost, there 

are three possibilities 

i) Reduce the demand 

ii) Reduce the consumption 

iii.) Increase the amount recovered ftom tenants 

To achieve the above goals the owner may modify and improve the building 

and it.s sub-systems, and can improve the· operation and maintenance of 

.these sys terns. 

This is illustrated Figure 3;2 overleaf 
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Recuce Demand 
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! P.-J\:t...:r F.:ictor 
j Cor.recti.Jr. 
'-------~ 
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.services 
~;ystcms 

l 

I 
Mo<lify/lmpro~c 

r i. l,um.i '"' t i·on 
I . Sys t. "": 
.._:_ ______ _:___j 

3 

Reduce Consumption 

l 

Increase Recovery 
Cost 

· Moqify/ 
Ir:iprovc 

En s·u re E ff~ c i en t 
Operation + 

. Building :·I a i n t e n an c e o f . 
' S.Y s t·ems 

I 
l·ioJ i fy/I!l'prove 

ll. V. A. C. 
System 

2 

I 
Modify/Improv,:, 

:lo t.\..'.l t c r 

. 5 

FIG. 3.2 Energy e.conomy diagram 

For each of blocks 1-5 in Figure 3.2 a checklist has been dev~lop~d. 

This .step by step. approach makes it possible to systematically 

evaluate the cost benefit of implementing the ene.rgy conserving 

.modifications and improvements. The checklist is included in Appendix A. 

Each system is investigated and the cost of the modifications and 

improvements and the resulting energy savings are assessed. Many 

simple modifications may have a 2-3 year payl;>ack period, while other 

more.complicated and costly ones'will fall into a longer payback 

period category. 

The steps of the .checklist are described and analysed in Chapter 4. 
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CHAPTER FOUR 

ENERGY CONSERVATION MEASURES MODIFICATIONS AND LMPROVEMENTS 

A comprehensive list of possible modifications and improvements that may 

be carried out on buildings and th~ir systems is included in Appendix A. 

Each of these items is described in further detail in this chapter. 

4. 1 MODIFY AND IMPROVE. THE ILLUMINATION SYSTEM 

A USE MORE EFFICIENT SYSTEM 

B OPERATE SYSTEM EFFICIENTLY 

A USE MORE EFFICIENT SYSTEM 

4.1.l Select Efficient Light Fittings 

The efficiency o·f a light fitting will be determined by the characteristics 

of the following components : 

lamp le_ngth and wattage 

type of ballast 

type of diffuser 

physical construction of· light fitting body 

colour rendering of the lamp 

The most widely used light fitting in modern offices today 1.s a 4-larnp 40 

watt recessed fluore~cent fitting. 

It is 1,2 m long and is usually fitted with a prismatic diffuser. 

In the reference building these luminaires will p~ovide an even level of 

illumination and low glare discomfort. 

By replacing these light fittings with the most modern ones available, 

an increase in the efficiency of the lighting system .of 32% can be. 
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achieved while providing the same illumination level and a lower glare 

index. 

These new modern luminaires are called "low brightness reflector" 

luminaires. Instead nf prismatic diffusers they have a highly polished 

aluminium reflector scientifically designed to control the light 

distribution and to reduce the glare. 

The technical evaluation of this en~rgy conserving step is gLven 1n 

Appendix B. 

4.1. 2 Introduce Task Lighting and Conce.ntrate· the Light on 

Work Surf aces 

The lighting system using an overall uniform patternof light.fittings 

has been found, in many cases, to require alterations as tenancies change, 

and as the use of the space varies. 

This occurs even though the uniform system wa·s originally selected to 

avoid such alterations being required. It is extremely difficult to 

arrive at an optimum system of a reasonably uniform lighting layout.that 

will require minimum post-installation alterations, while at the same time. 

consuming the minimum of energy. 

The uniform lighting system is wasteful, not only in energy reguired for 

lighting, but also for the consequent increased.heat-load from the light 

fittings that the air condi'.tioning system must cope with. 

If lighting could be .designed specifically for the nature of the task and 

the location of the "work station" in the area, energy reductions of up 

to 30%-40% could be achieved. 

The lighting layout would.be planned around the requirements of the.user 

1n the area, and it would naturally have to be a relatively simple matter 

to reposition lights as the work stati6n 1s relocated. 

The use of such an adaptable, non-unif6r~ lighting system, (also called 

task lighting), of putting light where and when it is needed, is becoming 

more corrunon today. -27-



Non uniform lighting· can also provide better quality lighting in a given 

area as there is more control in locating the light fittings in relation 

to the 'task. This reduces visual discomfort c·aused by direct glare 

and veiling reflections. 

The quant;i.ty of light fittings and lamps.required for task lighting 

instead of uniform lightin~ is reduced ~esulting in less iriitial 

e~uipment, material and laboui costs. 

Less light fitting and lamp maintenance is required. However, greater 

dependence on fewer light fittings increases the importance of proper 

maintenance. 

There are two basic systems of task lighting, namely 

a) Ceiling mounted, and 

b) Furniture mbunted. 

4.l.2.1 Ceiling Mounted Task Lighting System 

An. illustration of this system is shown in Figure 4.1 below 

. ---VAV TE/lMl"Al lj MAIN TRUNK OUCl 

... \~EXl:LJ~_J_ \:CTRICAL ~~NU TRUHKlNU 

FIG. 4.1 Ceiling mounted task lig~ting 
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The light fittings have flexible c~bles that are pl~gged into outlets 

on the electrical distribution system. 

The ceiling tiles are interchangeable with the light fittings, and both 

are supported by the ceiling grid. 

Thus the light fittings can be readily in~talled in any location and 

can b~ easily repositioned. 

The electrical load and energy consumption of this non-uniform ceilin~ 

mounted. lighting system is shown in Table 4.1 below, together with the 

reference building values : 

Li r, ht i nr, 

Sys t c.tr. 

Energy 

C'J n s urn~ L i.0a 

Conn"cted Load 

A11tl11<1 l Encre,y 

C" i l i. n g -· t1 o u n t c d 

Ta~k Lighting 

~Jys tem 

(nriuptoblc arrange-

mc·n t.-) 

7 5 kWh/m 2 /annum 

R~f~rence Building: 

Un i f or 111 s.y s t cm 

(modular arrnur,cmcnt) 

J 20 kh'h/m 2/:innum 

'.l'ABLE 4.1· Consumption - Ceiling mounted task lighting 

4.1.2.2 · Furniture Mounted Task Lighting System 

A recent development in non-uniform lighting systems nas been that of the 

furniture mounted system. 

The.task light is position~d above, or to the side of, the working space. 

General background lighting, also called ambient lighting, is provided by 

one of two methods. It can either be provided by ceiling mounted light 

fittings that distribute the light over .the whole area, or from light . 

fittings mounted on the furniture that shine upwards, hence reflecting the 

light off the ceiling. 
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The ambient lighting level may be about 50% of the task level. Its main 

function is to provide general lighting to the non-task areas, such as 

circulation spaces. 

·The consumption data is given in Table 4.2 below: 

~ Furni.ture - Mounted Rcf crence Built!ing 

y 

m 

Tasl,: Lighting System Modular.Arrai1ce~1~nt 

. 

Connected 

Lo ad 20 W/m 2 
40 W/::i 

2 

Annuµl Energy 

kWh/m2/annum l 
" . Consumption .60 120 kHh/m~ /annum 

Consumption ..;.. 'Furniture mounted task lighting 

A recent development in space sys'tems design is the installation of a 

false floor to replace the suspended ceilirtg. · The .electrical and air 

conditioning systems then use the void below the flow for distribution, and 

the services terminate at the work station. 

This is illustrated fu Figure4.2 below: 

/' ELECiRiCAL 
OlSTRlBUTlON 

Raised floor distribution system 
-JO-

~
TECHNODRANT 

IGHTAlR 
OMMUNlc.A

TION 

/ 



A cost comparison between the modular lighting system and the ceiling 

and furniture mounted task lighting system is.shown in Table 4.3 below, 

taking into ~onsi<leration: 

a) the capital cost of the installation 

b) the energy consumption 

c) the lamp replacement cost, and 

d) the space adjustment cost 

(The space adjustment· cost is a function of the Area of Change x Rate of 

. Change x Cost of Change). 

·-

~~ 
Uniform Lighting Task J.ip.,hti.ng 

Sy$ t cm 
---·--

(l!odulnr) 
Ceiling Furni t:ure 

Co,, t F Jloun ted Moun LP<l 

- ·--
,._ _____ - . 

(.osl rv tf> 
Cap i. t n l 

.. 2 ... 1 ' 
( ll/m ) -~v"~~ ' 38 25 25 

,..... ~ 

Energy Cousum.pt ion 
/. 

(kWh /111 / r11011 um) 120 75 ~o 

-·-
Lnmp nepJ Dccmcnt 

Cost ( R/111 2 /annum) (l '9 .0. 6 0. 4 

------
Sp ac. c .Adjustment: 

·cost (R/1n
2 

/annum) 1, 5 l '5 1. 2 

TABLE 4.3 Cost comparison - Modular arid task lighting 

From the above data it is apparent that the task lighting sy,stem, using 

furniture-mounted light fittings, will be more economical.on a life

cycle costing basis. 
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4; 1. 3 Introduce Localised Light Switching 

In most modern commercial buildings, the office lighting switching 

arrangement is decided upon at the design or construction stage. Tenant 

requirements are unknown at that stage, a·nd ·it is thus impractical to plan 

a lighting switching system that will be inexpensive yet flexible enough 

to cater for the subsequent tenant requi~ements • It is usually the 

. building owner who pays·for this part of the installation and he is loathe 

to pay for additional flexibility that·may not be required. 

The solution most prevalent today is to sub-divide the floor into several 

lighting 'banks'. Each bank has a single switch, usually located against 

the core wall, near the entrance from the lift lobby .. 

This location is most suitable as it is us~ally kept free and accessible 

while the rest of the <3.rea may be altered. This 'bank' switching system 

is inflexible. The lights in individual offices cannot be controHed, 

and unoccupied areas such as store rooms and filing rooms must have lights 

burning continually. 

There- are many systems available that will allow switching and control of 

the lighting. Some are very sophisticated and incorporate dimming devices. 

This allows the amount of natural light entering the working area to be 

monitored and the artificial lighting is .then dimmed so that the total 

amount of light is kept constant. 

A .brief surrnnary of lighting control systems is given rn Appendix C; 

The installation of simple on-off switches to individual offices arid 

particularly to unoccupied areas can usually be economically justified, as 

can the switching off of perime.ter lights when there is sufficient daylight. 

In many cases_, these switches are installed after the initial bank switching 

system has been installed. The tenant is then e·xpected to bear this 

cost. This procedure, unfo.rtunately, often .causes problems due to the 

following ~easons: 

a) The workmanship is often of a· lower quality and is done under less 

supervision than the initial installation. 
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'b) There is a disruption to adjacent ·arc:is through wltieh 

wiring may have to pass 

c) Indiscriminate switching off qf lights may cause the 

air conditioning system to reheat the space due to 

the loss of the heat from the light fittings 

d) Any subsequent alteration to that o~ any adjacent 

office may require major rewiring work to be doqe 

It would thus b~ far better to install a switching system that will 

allow individual areas to be switched, and subsequent alteratiorrs 

to be relatively easily carried out. 

Such syste~s are available. but are usually vety expensive. As ~ 

compromise. the intitial ins~allation shou1<l be ~ired to provide ~ 

degree of flexibility for local switching, while at the same time 

without significantly increasing the capital costs. For example. 

more circuits than are actually requir~d from the desigri Dr 

tegulation aspects could be installed, as could extra wiring for 

switching controls. 

An exmaple of the capital cost and subsequeµt energy sa~ing when 

individual switches were provided to part of an office floor is 

given in Appendi~ D. 

4. l. 4 Switch Off Lights at Lunch Times 

The effect of switching off lights at lunch time has been widely · 

debated. 

On a practical level. this procedure mas be unsuitable in many cases. 

There may be very lit(le.n~iural light in cir~ulation areas. and the 
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switching system will have to be adjusted· accordingly. If people 

want to work duririg lunch time, or want to spend this period in 

their offices the system 1will have t9 alfow for this . 

. On a ~echnical level, there are two fundemental potential pr6blems. 

In cases where a· flexible switching system is not provided, th~ 

same problems will arise with the wiring as with the installation 

o,f any switching syst~m, as previously described. Secondly, the 

li[e of the lam'ps will be reduced due to the reduction of the 

continuous burning period. 

Despite the above drawbacks, there. are many situations where 

switching off lights during lunch times is a fe~sible energy saving 

procedure. Assuming that 80% of the lights can be swi.tched off for 

45 minutes on a normal working day, the energy saving per annum on 

the standard reference buildibg will be as shown in table 4.4 below 

------- -·-·-·---~ - --- -
J\EFERENCE llUlT.IJJ.NG DATA 

---
kWh/Floor kHh/m 2 R/m 2 !fonds (h as.cd on 

2 20.000 m -- -. ---·------·-

Aunua l · 

Saving 

TABLE 4.4 

5 .. 100. 6 RO. 10 R2.000.00 

Svritching Off Lights at Midday 

Annual Energy Saving 

In a situation where the controls have to be added to the original 

installation the payback period will be approximately 20 months, 

Th~ calculations are included in Appendix E. 
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4.1.4.1 Effect on Lamp Life, Regular s~itching of fluorescent 

lamps causes the life of the lamp to be reduced from the nominal 

rating of approximately 9 000 hciurs. This reduction is generally 

not more than 10%. 

If a planned re-lamping programme is used in which all lamps are 

replaced at 90% of the iated life. then the effect of the regular 

s~itching will not be significant. The savings in energy will be 

far greater.than any re-lamping costs due to early lamp failure. 

The effect of switching on lamp life is shown in Appendix F. 

4.1. 5 Introduce.Central Master Over-riding Switching 

Central switching systems are usually used. to ensure that all lights 

are extinguished after normal working hours. In most office buildings 

there are oft~n lights left burning at night and On weekends. 

although the building is urioccupied, 

The central switching system may be controlled from a convenient 

locatioh, such as the central Security office .. Naturally, in a multi

te~ant building an administrative system must be introduced to allow 

individual tenants to work after normal hour·s. Tenants may be 

~eqtiired to pay for the additi6nal lighting energy and may also be 

charged a levy for use of the air conditioning system. 

Central switching systems usu~lly co~trol each floot individually, and 

may also be adapted to allow lights to be switched off at lunch times. 

The technical details of some central systems are included in App,endix C. 
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. 4.1. 6 I,ntroduce Controlled "After and Before" Hours Cleaning 

Lighting Switching 

Cleaning staff usuafly do their wofk at riight. All the lights are 

either switched on, or left on by departing occupants, The 

cleaners then turn 6ff the lights 'once. they have finished their work. 

To sa~e this lighting energy, cleaning should id~ally be done during 

normal working hours, lunch times or immediately after normal working 

time. This is, however, often unsuitable to tenants. 

An alternative niethod is ·to introduce a special "cleaners switch" 

that would permit only a small perc·entage of lighting to be switched 

·on. This ariangement would be most suitable for offices ~ith large 

. areas or £Oinplete open plan. 

4.L 7 Introduce kWh Meters 

In many commercial buildings the total amount of energy used for 
l . 

lighting is not monitored, .nor the amount consumed by individual 

tenants. 

On buildings where meters are installed, they usually .meter a whole 

floor arrd the consumption is apportioned to occupants on a pro rata 

basis, according•to the area, In other ~ases the energy consumed 

by the total lettable area is metered and apportioned similary. Where. 

sub-metering is not installed, energy is usually in~luded in the rental, 

In order to encourage.tenants to consume less energy they should be 

informed of their actual consumption regularly and of the cost·of ,this 

eµergy .. Th~ ertergy cost.should·be a separate chatge to the basic 

·rental, thus providing an incentive to tenants to conserve, 
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To provide this cons~mption data comprehensive sub-metering must· 

be installed. Individual tenants should be metered separately, 

even if this means that the wiring must be altered, 

Other advantages of sub-metering are 

a) 

b) 

By keeping accurate records of consumption it 

is easy to compare the actual consumption with the 

budgeted one, This will immediately allow wasteful 

areas to be identif ie~ and corrective action to be 

taken. The budget can be based rin historical or 

seasonal data, can be e~timated or can be obtain~d 

from similar buildings elsewhere, 

Large users of energy can easily be identified by 

comparing recorded consumption with check figures, 

This may induce the user to investigate ways of 

reducing consumption. In some cases, there may be 

a penalty i~posed due to the extta load that the 

air conditionjng plant ~~s to cope with, 

Metering of tenants should monitor lighting and 

· power together. 

B OPERATE ILLUMINATION SYSTEM EFFICIENTLY 

4~1,8 Maintain and Clean tight Fittings on~ Regular Routine Basis 

Lighting design is based upon an "average through life" calculation, 

This takes into account the fact that the initial lumen .output of the 

lamp will drop off as the hours of use increase, This is illustrated 

graphically in Figur~ 4,3 overleaf, 
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As low energy lighting schemes· make ful L use of each lamp, ·this 

sharp reduction in lumen output will have a noticeable effect on 

task illumination. To avoid this,lamps should be replaced on a 

regular baiis it about 90% of the rated li~e. 

A second important factor in lighting design is the "maintenance 

factor''. This takes into accciunt that diffusers and. lamps g~t 

dirty and covered in dust as the building gets older. This causes 

the illumination level to drop. To prevent this happening, light 

fittings and lamps should be cleaned regularly. 

4. 1. 9 Remove Unnecessary Light Fittings 

A brief scrutiny of most offices today will reveal that there are 

many light fittings burning that may be removed without affecting 

the user. 

This situation arises from many causes, It may be due to a change 

iri·the use of the.space, due to a re~arringement of the office layout, 

due to there being adequate lighting from adjacent light fittings, or 

there may be sufficient natural light in ~he area. These caus~s are 

mo_st readily identified by inspecting· the occupied area. This should 

be done regul~rly and surplus light fittings sh6uld be r~moved or 

disconnected. 



4 .l.10 Remove Unnecessary.Lamp~ 

In most offices a standard light fitting .1.s provided to the tenant 

by the btiilding ~wner as part of the furnishings. This often leads 

to. a situation where a multiple lamp light fitting comr)lete wi)::h 
. . 

diffuser is installed in storerooms, record rooms; etc, In these 

areas a fitting ~ithout a ~iffuser and with less lamps will usually 

be adequate. When such a case arises tenants should be encouraged 

to re~ove lamps and diffusers from these fittings to reduce running 

costs. To provide this flexibility the fluorescent light fittings 

must be equipp~d with switch-Start control gear so that individual 

lamps can be disconnected without affecting other lamps. 
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4. 2 MODIFY AND IMPROVE THE HVAC SYSTEM 

A ELIMINATE SIMULTANEOUS HEATING AND COOLING OF A ROOM OR ZONE 

B ENSURE SYSTEM OPERATION AT OR NEAR OPTIMUM EFFICIENCY WITH 
REDUCED BUILDING LOADS 

C COOL WITH OUTSIDE AIR WHEN POSSIBLE AND DON'T WASTE ENERGY 
ON UNNECESSARILY LARGE VOLUMES OF OUTSIDE AIR 

D SELECT EQUIPMENT FOR EFFICIENT OPERATION INSTEAD OF ONLY 
FIRST COSTS 

E INTRODUCE EQUIPMENT TO REDUCE USAGE OF 'NEW ENERGY' 

The air conditioning system installed in ~ typical buildirig can use 

approximately 40-50% of the total building energy, and 'generally amounts 

to 50-60% of the connected load. 

The maJor energy consuming items are: 

a) The water chiller or main· cooling plant - con~isting of a 

centrifugal type machine with aisociated chilled and condenser 

water pumps, and, usually, a remote located mechanical draft 

cooling tower. It is generally found. that this system is split 

int6 two equally sized plants. 

b) Air handling units - .located in central plantrooms or distributed 

around the building. These units filter, cool.or heat~ humidify 

or dehumidify and distribute the air around the building by means 

of fans .. An additional fan (the return-air or exhaust fan) is 

generally associated with the air handling unit. 

c) The heating plant - usually consisting of an oil fired or electrode 

type boiler with associated pumps, which distribute hot water to the 

air handling units or to terminal reheat units. A further variation 

is the ·electric convector heater or panel radiator located in the 

conditioned space,.usually on the external window. 
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A 

4.2.1 

ELIMINATE . SIMULTANEOUS HEATING AND 
COOLING OF A ROOM OR ZONE 

Convert Double-Duct, Multizone or Terminal Reheat 
Systems to Var~able Volume Constant Temperature Systems 

The double or dual duct system consists of a hot and cold duct, from which 

it gets its name, which supplies hot and co1d air J:.o a terminal mixing unit. 

The hot and cold quantities are controlled. by a thermostat located in the 

space, 

Thus, for an unoccupied space, with no heat from the lights or solar gain, 

on a.mild day there will not be any requirement for heating or cooling. 

As the cold air duct usually supplies air at io0 cand the hot air duct at 65°C, 

and as the terminal units are designed to 'operate at a constant volume, 3 

parts cooling to 1 part of heating will be iequired to achieve a nil tempeia

ture change in the space. 

The multizone system operates on a similar design concept, with the mixing 

of ·hot and cold ~ir strea~s at the ~entral air hAndling plant. This system 

also operates on the constant volume principle, and the air.mix temperature 

is controlled by a zone thermostat. 

The terminal reheat system operates on the principle of cooling the total air 

quantity to the lowest temperature required by a particular room or zone. To 

achieve the required temperatures in rooms having less than the' maximum 

cooling requirement, terminal reheaters are used. 

The above systems are energy wasteful as the large constant volumes.of air 

are being treated and retreat~d. 

Variable volume constant temper?ture systems (VAV) include a terminal unit 

that adjusts the air flow to the space to exactly match the required cooling 

re qui remen t. 

The above systems are illustrated in Figu~e 4.4 ovetleaf. · 
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Hot air supply 
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co id air supply 
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t 
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~ room thermostat 

i 

'/ 

,T 
I 

air to room 

reheat coil 

room-thermostat 

air from fan __,__--m,_______.-. air to room 

t VAV box 

c) Variable volume system 

i· FIG 4.4 : Air- conditioning systems 
.1 
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In most modern buildings the design allows significant savings to be made in 

first costs and energy costs, as not all areas require maximum cooling at any 

one time. A ca.reful design using the VAV system will allow smaller main 

duct sizes and .installed motor kW. Further energy savings tan be made during 

the intermediate season and winter by fitting the fans with variable Speed 

motors, vari.able pitch control on axial fans or variable pitch guide vanes 

on centfifugal fans to compensate for the lower cooling ~equiremerit. 

A VAV system with a separate heating system has been shown to be one of the 

most energy efficient All-Air systems available. The heating system should 

not be a function of the VAV terminal as this will prevent increases in energy 

consumption due to malfunction of a thermostat, static pressure control.lei or 

branch line damper. 

Building and system surveys have shown that the VAV system, with separate 

heating, requirei approximately 30% less en~rgy to operate than a constant 

volume double duct system, and approximately 50%·less energy than a·multi

zone or terminal reheat system. 

4.2.2 Control Perimeter Heating by Outside Air Master Control 

Perimeter heaters usually have an integral thermostat which is often accessible 

to the room occupant. 

The heating system should be prevented from operating in sympathy with a 

malfunction on the cooling system, and the effect of unauthorised tampering 

or adjustments should be limited. 

Thus, the system should be controlled in such a way that it can only operate 

when the outside temperatµre falls below a pre!?et minimum. 

4.2.3 Use Only Water Sprays for Humidification 

Should ambient and room temperatures permit, a spray coil can· be used to 

obtain "free" cooling. Thus, the required humidity level may be obtained 

without operati~g the pre-heater ~oils. 

Elimin<Jtc Hc::iting in Interior Zones 

Interior zones usually have a steady cooling requirement due to the load 

from the lights and occupants. 
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It is thus important to ensure that the correct air volume at ·the correct 

temperature is supplied,· to prevent heat.ing being required. 

B 

4.2.5 

ENSURE SYSTEM OPERATION AT OR NEAR OPTIMUM · 
EFFICIENCY WITH REDUCE]) BUILDING LOADS 

Use Multiple Refrigeration Machine Systems with Auxiliaries 
(Pumps and Cooling Tower) which Operate (and Shut Down) as 
the Load decreases. 

Most centrifugal refrigeration machines will operate at 50% capacity with a· 

reasonably linear reduction in energy consumption. However, the pumps and 

fans will still operate at full capacity, and there will be no further reduction 

in enerfF consumption. Thus, multiple systems should be used which can be 

switched off as the load decreases, or central cooling towers should have 

multiple fans or inlet dampers. 

4.2.6 Cycle at Full Load and Stop and Start Manually 

On a multiple refrigeration system the' machines should be ?Perated at their 

peak efficiency. 

complete ·sys tern. 

This can be achieved by manually starting and stopping a 

4.2.7 Use Speed Control.on Pumps and Supply Fans 
Whenever possible on Varying Demands 

Speed control should be introduced on the chilled and condenser water pumps 

to match the reduced lo~d when one machine is shut down. Ventilation systems 

such as on garages should also be controlled in this manner. 

4.2.8 Monitor and if Necessary Relocate Sensing 
Points of Capacity Control System 

The sensing points of the system controls should not be affected by false 

outside influences that may lead to an·unnecessary and wasteful use of 

energy. 
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4.2.9 .Re~et ·Supply Air Temperatures and Pressures 
under Part - Load Conditions 

On a VAV system, the supply air temperature should be reset with an 

outdoor compensator to avoid over cooling of a space on minimum air 

requirements, which wil.l require energy to corre.ct. 

Urider part load conditions the supply air'pressure should be reduced by 

speed control, thereby reducing the motor absorbed kW. 

Figure 4.5 below illustrates the reduction in motor absorbed kW resulting 

from a reduction in air volume:-

w 
a: 
::::> 
(/). 
(/) 

w 
a: 
0. 

-·. 
-fan 

Curve· 

/ 

/ 

VOLUME 

FIG 4.5 ··Effect -of reduced air volume on motor kW. 
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4.2.10 

COOL WITH OUTSIDE AIR WHEN POSSIBLE AND DON'T WASTE 
ENERGY ON UNNECESSARY LARGE VOLUMES OF OUTSIDE AIR 

Use Outside Air~ Return Air and Relief Damper 
(Economiser Cycle) 

The Economiser cycle system allows l00%·fresh air or 100% return air to 

be introduced to the air handling unit; It usually consists of a ~et of 
.> 

dampers on the fresh air intake, exhaust air outlet and recirculation duct. 

With this system it is possible to ~se outside air for cooling. The 

.changeover point is measured by a wet bulb.or enthalpy sensor located in 

the fresh air {ntake. Whenever the total heat of the fresh air is below 

that of the required room comdition, o,utside air may be used to cool or 

assist in cooling the ~pace • 

4.2.11 . Use Spray Coils or Air Washers for Evaporative Cooling 

Under conditions of low ambient humidity,.evaporative cooling can be used in· 

conjunction with the economiser cycle. 

4.2.12 Reduce Quantity of Outside Air to Zero or Minimum during 
"before and after" hour Periods, and when on Cooling or 
Heating Cycle 

When the building is unoccupied, the fresh air should be reduced to zero. 

4;2.13 Use Outside Air for Precooling Building at Night whenever 
possible to reduce Maximum Demarid 

Precooling the building at night.will reduce.the peak maximum demand 

cooling load. 

D SELECT EQUIPMENT FOR EFFICIENT OPERATION 
INSTEAD OF ONLY FIRST COSTS 

The following self explanatory measures should be considered wheri select.irig 

equipment: 

a) Use life cycle costing - c.apital, energy and maintenance costs - · 

in selecting equipment. 
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b) 

c) 

d) 

E 

Modify ducting system for lowest practic~l static pressure to 

reduce fan kW. 
·. 

Select piping, auxiliaries and heat exchangers. for lowest practical ? 

pressure loss to reduce pump kW. 

Sele.ct heat exchange surfaces (condensers, evaporators and cooling 

coils).for lowest kW. 

INTRODUCE EQUIPMENT TO REDUCE USAGE OF 'NEW' ENERGY. 

The following recorrnnendations, if applied,, will reduce energy Consumption: 

a) 

b) 

c) 

d) 

e) 

Use .air purifying systems instead of outside air 

;x: 

Use heat reclaim devices(double circuit condens~rs)on air water 

sys terns. 

Use air heat recovery sy~tems. 

Us~ 2-stage evaporative cooling systems in dry climates_ instead 

of refrigeration. 

Use 'heat' and 'cold' storage (water, rocks, etc.) on daily or 

seasonal ·cycle whenever practical. 
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4.3 MODIFY AND IMPROVE HOT WATER SYSTEM 

A USE MORE EFFICIENT SYSTEM • 

B OPERATE SYSTEM EFFICIENTLY 

A. U~E MORE EFFICIENT SYSTEM 

4.3.1 Reduce Heat Los~es ~ Improye Insulation 

A poorly designed system may require the hot water tap to be open for 

several minutes·before hot water runs. One may thus draw bff 4 litres 

of "cold" hot water to get 1 litre of hot, which all requires to be 

heated from cold. 

Thus a pumped circulation or gravity fed system must be correctly 

design~d or modified· to ensure that hot water is available at the tap. 

4.3.2 U$e Efficient Heat Exchanger . 

The heat exchangers should be selected for.lowest absorbed kW? i.e. for 

low pressure drop. The surface of "the heat exchanger should also .be 

increased, if possible, as this will ;illo:w the "approach" temperature 

to be reduced. 

4.3.3 Run at Lowest Possible Temperature 

In commercial buildings·, the hot water is used mainly in toilets and 

tea kitchens. It is often too hot for people to use~ and is 

stibsequently mixed with ~old ~ater. 

Storing water at high te~peratures is usually energy wasteful due to 

an increase in the heai loss through the insulation caused by th~ 

increased tempera ti.ire differential. Thus, the water should not 

normally be stored above 50 - 6o0 c: 
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4.3.4 Use Cheapest Possible fuc.l 

Many buildings with central hot water systems either have boiler plants 

or electrically operated systems. In the ca~e of electrital systems, 

a peak load can be addec;l to the building's totai maximum de.mand, thereby 

causing the ovrner to incur additional costs unnecessarily. 

The design of the hot water system should include ~n evaluatfon as tb 

whether oil, coal, gas or electrically operated .a_ppliances should be 

used. 

. . 

4.3.5 . Reduce Heating Losses· Du.ring Periods of "tow" and "No" Demand· 

Whenever the temperature. of the hot ,water falls below the pre-set level, 

the heating elements will be switched on. Th.is will occur at night 

and on· weekends, unless· controls are installed. 

To avoid this unnecessary use of energy, there are two solutions. 

The storage tanks should be well insulated to reduce the heat loss, and 

for night time and weekends, controls should be installed to prevent 

heating taking place. 

B OPERATE EFFICIENTLY 

4. 3. 6 Monitor Controls and Operate. at .Lowest P.ossible Temperatures 

The efficient operation of the hot water system will only be ensured if 

the controls are regularly monitored. 

Faulty controls may.lead to energy waste. 
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Controls should be set correctly to ensure . 

a) Operation at recommended temperature. 

If the temperature can be lowered without causing 

complaints from tenants, this should be done. 

b) Operation at correct period&. 

c) That the bperation ·of electrical hot water systems 

does not cause the building maximum demand to be 

increased. 

4.3.7 Reduce Consumption Through Leaking Taps 

Leaking taps cause a draw off of water and hence the fresh water 

entering the cylinder will have to be heated. 

4. 4 ENSURE EFFICIE.NT OPERATION AND MAINTENANCE OF SERVICE SYSTEMS 

A ENFORCE ENERGY CONSERVATION 

B ENSURE EFFECTIVE BUILDING SERVICES OPERATION 

AND MAINTENANCE 

C UPDATE.OPERATING AND MAINTENANCE DOCUMENTATION 

A ENFORCE ENERGY CONSERVATION 

4.4.l Prepare Energy Consumption Budget 

J\n energy budget is the most important item of any energy manacement 

. programme. 

The budget breaks down the amount of energy consumed by the various sub

systems of the building. It allows large and. wasteful areas to be 

identified by comparing th.e actual consumption to the estimate. 
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There are two budget~ tha~ are useful aids: 

The "correct operation'' budget allocates the energy consumpt.ion 

bet~een the sub-systems based on the assumption that the building is 

being operated correctly. In many cases the ~tandard of operation 

of buildings is very poor, and features of the design intended to 

ensure efficient operation are ignored. 

There are many reasons for this, but very. often it is. due to inadequate 

training of the buildfog operator. The ope.rater is often i10t fully 

briefed about the systems or the way i~ which they have been designed 

to operate, and he lS left to his own devices .to establish operating 

.routines~ 

The operator is often also.piovided with inadequate and incomplete 

operat.ing instructions and documentation. This will usually result in 

a waste of energy as ~ontrols will not be properly set and monitored, 

and seasonal adjust~ents may not be correctlymade. 

The second budget. is the "energy efficient'' budget. This budget .reflects 

1 a saving over and above the "correct operation" budp:et. It is based on 

the implementation of specific energy saving measures such as those 

proposed in the checklist. 

The potential savings will naturally depend upon the type of building , · 

the air conditioning, lighting arid 6ther systems, and the capital cost 

of the modifications. 

The amount of detail to which the bu.dget is broken down must be 

reasonable in relatiori to the area of the building and the number of sub

systems. 
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. In commercial office buildings the following sub-systems should be 

separated · · 

,.,:, 

lighting 

small power 

lifts 

ventil~tiori .fan~ 

- hot water 

air conditioning . heating· 

cooling 

.fans 

miscellaneous. (e.g. computer ·suites)_ 

The following areas shoi.ild be·separately analysed 

Office Tower offices 

service areas 

special areas 

Podium offices 

shopping 

service area 

. Basements parking 

service areas 

Central Plant plantrooms 
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STEP BY STEP PREPARATION' OF ENERGY CONSUMPTION BUDGET 

4.4.1.1 Connected Load of Individu~l Eqµipment 

The building must be sub-divided into the various areas and energy 

consuming su0-systems. The connected load of each sub-system in each 

area is added to the schedtile, and this gives the total load for each 

sub-system throughout the building. 

A sample filled-in schedule is shown in .Figure 4. 6 below: 

Sy,r; t rm 

Offices g(, ] 3 * 25 l'll 

Shop1>i:q; . 17.70 '.>7 9 • 71 123 lll3 

(! ----·- -··- ------- --- ---- -·---- -·---- ---·-----·--!~-·--- --·----· :1 ------·----·--·---

·ti ~ c r vi c--l~ ,, 
r., I\ r l! ;1 s 1 20. 1 *' (, 

----- -----------·-- ----·-· .:__ __ ":__ -·-------- ----·-- 1-------- -------t----- -----
l' n r l. in r. 77 2 J 12 2 * 103 

4 6 '.J lf\J 

J9 3 

!l 9 I 

I J l 17 
" r. . ----- ------!----+----- ---· --------'-----~ ------ --~ -------- ------
"' ~~Service' 

Arc.is 

Ccntrnl 
I'} n n t 

Tot :i l 

FIG 4. 6 

57 1 • 1 2 2 

_2140 ls 7 .• 6 2 A. 1 3 

* Avcrngc ConncL~cd I.cad to _smnll p6~ct di~tribution syste~ 

Equipnient connected load 

.. 
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4. 4 .1. 2 Maximum Demand Work Sheets 

The maximum demand of the building reflects the sum of the maximum 

demands of the various sub-systems in the metering period. If part of' 

this load can be spread over other periods, a lower maximum demand will 

result. 

It is thus important to identify the time of the day. when the highest 

maximum demand is likely to occur. This must naturally be done on a 

seasonal basis. 

A maximum demand work sheet for summer 1s shown 1n Figure 4. 7 below: 

~22 

'""--;;znno.:
0

l<'d 

. ~·.'."--<1 
i):1·0 ~ 

l ~1 /1 l 7 [\ I . , !;() 
J 4:, J] ]() 86 

------··------ - ' .. --·· ---·- -· ·-· - ·-·----· ·----·--·--··- - -··-- --------·-·-- ··---- -·-·----- ·-- ··-- ·-·--·----·· --·-·----··-··-· ---,------·-··--· ----·-·------- -

)Z.l 0 (I 20 ~O .0 60 20 )0 )}(1 0 /.0~) 

--·---~··-·-··----· ~.-... 

-----~-·-------1- --·---- ---·--··:-··---·--·---' ·-----·-----.----- ----·------·-· ·--·- -- ---- ---- ------·-·----·-· '----·--'--·· 1-~-------- ----··-----· 
ot,(>O J 2(> I o o 20 so o c.c, 10 Jo J:•o 

---~;~-> ~i:~:_~-: 1::;~~-1~~~~=~-:~-:::: ~,~;==_,:::;~ :- __ :.:~:-_~1---;::~~:-·-~·::-=- ~'i~-~ 
1000 1110 1]) I :')0 170 580 JO DO 0o l l!10 ~i>:•l J 

-------- ----t·------------ --------- ---------- ---------- -------- ---- --- ------ -------- --------- -- ------, 
UCO · 1110 11,5 :'50 170 7/.0 30 150 70 140 270.) 

·-·-·-·--··------- -. ----- - ----------·- -----------··-'--··- -----·--·--·-· -----·----·------···-·---- -------- ---·--··- _,,_···-:--·---
11,00 1110 2 ~iO 800 30 120 70 140 

------- ----- - .:. --·--- --··-----·--·-,·--------- -··--··-- ·- ·-·-·----
l GOO J 110 Jli 5 2 so 

--1~-~- _____ 9: ____ -----~:) __ --~:__ __ L~~----- -~:~-----
:in a 

1300 1J10 5(1 25U l/~ 900 65 ' 1,0 )/; 0 2 i (·0 

-·---· ·-------- ···-~--- ______ _, -----···- --- --·----
2000 400 25 100 5u 0 0 60 20 JOO 350 

·-----------·- ----- -···-- -- ----- ---------- --·------·-·· ------· -------- ~------- -------- ----·---
120 10 0 20 0 0 60 20 

FIG. 4. 7 Maximum demand wor'K sT-ieeT-- --- -

.For a 24 hour period, the connected load for each sub-system (derived 

from the connected load work sheet) is estimated. 
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The hourly total maximum demand for the whole building.is thus 

obtained, as shown on the sample work sheet. 

4.4:1.3 Hourly Maximum Demand Curves 

The hourly maximum demand for the wh0le building for each season can be 

plotted as shown in Figure 4.8 below: 

Cl 
z 
<( 

.::; 
w 
Cl 

x 
<( 

::; 

0 

FIG. 4.8 

WINTER~ 
I 

I -

.8 1 6 2 4 

TIM E(hrs.) 

Maximum demand curves 

The curves readily show up the peaks in the maximum demand profile of 

the building. Ways must then be found to reduce or redistribute this 

load over the rest of the day, if possibl~. 

Fro111 the maximum demand work sheets the actual components of the peak 

maximum demand can be established, e.g. lighting, heating,· etc. 
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4. 4 .1. 4 :Energy Consumption Work Sheet 

In order to estima.te the magnitude and allocation between sub-systems 

of the energy consumption, all the loads must be put on an equhable 

basis. This is done by analysing the number of hours per annum the 

sub-system is likely to operate, and at what percentage of its full 

load. 

Thus the 'equivalent full load operating hours" for. each sub.-systeni 

for each part of the building is derived. 

Figure 4.9 below illustrates a sample energy consumption work sheet 

;\r ea I S"rvice: I Operating Annual Load Equivale·nt 

~---J'''~ . O;:eratir,g :?actor Full Load 

Hours 

I 
Operating Hours 

I I Tower I 
·/tfice~: ! .i..ights 0700-1800 

·; \forkdays 3200 1,0 3200 

I I 

I s :::-11 l + I 
I 

I I Po•·c r 0700-1300 I 

I I Woo:-kdays 3200 1. 0 3200 

I 
I a7co-aoo 

I 
L.i ft s 

j \·:orkd<'v.s 3200 o,2 I . 

I 1800-0700 

I 
Workdays_ 3700 0. o.s 

I Other Ti:nes 1600 0,03 
i 

I Toca 1 8 JO 

I 
ito t 

1 "·•Hk ',J,1 t c i: 1;.1 ,.,, 3300 o,4 
I I Ocncr Times 5460 0. 15 

_____ !_. ____ \ Tot:: 1 
24i2 

FIG. 4.9 : Full load operating hours 



4.4.1.5 Allocation of Energy Consumption · 

By multipying the connected load of the individual equipment by the 

equivalent full foad operating hours, the annual energy consumption 

(kWh) is. obtained for each sub-system for each part of the building. 

An.example is shown in Figure 4.lb ·below 

---j '' ;;:--::, ;:r~ ~:::·:~- ~-' ;;: r; :~ :; ,',:'f-~--:i--,;;;,·1-;-~-:~-~ ~,.....:1.-~:-:·-.,-r.,._M-i -,-c--, -,,,---.-, :::-;---

··--·- - .. -~~~-: ,~;,··- 1o1 on , - ·; 1:~-6-·· ·- :m --;~:-- ... -~~.·;- - --~~~ ~~~~-F~-~ ~-~ -~:~:- ~~:~- ~-~-~-- ~~~4 & :~ -~:~~-

~~;:!;;-~ ~:= -~:=:-'" ~- ~~~---[~ ----·-· ----- --~~~ ----- --·--· ·----~- 01, ~--· l "\ /':' .. " 0 I• 

~:; t 
" (.) ,, 

II 
:> 

"' 0 

'" 

Cor::put er 

GI. f i ('f".'f. 

-- -··-----· --· ····•. 
!;JiL'J•f•i llj: 

-_,__ ____ ---
s (• t'\' i Cf: 

/, 1· r a r. 

2591 ~99 

1 7 70 2 I '· 
-·--·-··---

1 70 3 ·s. 

l 1,5 1l·8 ~87 

28 75 }()0 5_9 f02 ·3 I 0 

--·-· --· 
65 50 (, 4 0 J (, ·' 

I 5:'. 
t-·-··--···-

52 90 ·1 50 

~ :~:~_'. ~:-~= ~~-~~1 ~~--~-~ ,,_ ___ -~ -·-7-~~ ~~~~~------:~~ ~--~ ~= -:---__ _:~ -~= ~---~~ -~---~·'·~~~I~;~~~- -
~ (·i 
~ !•l' 1 v j ( (' 

·.~ Arcn& 51 ~?. SS 9&~1 

~ 

__ ._!1:_ __ -·-----·-- ---- ··--·--·--1-----j 
Cc·n tr:• 1 
I' 1 itn t 49 23 

FIG. 4.10 Energy Consumption Allo<?.ation 

The information in this .table ~llows a full e~ergy analysis of the 

buildirig to b~ carried out. 
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Annual consumption figures for any sub-system for any part of the 

building can be calculated, a-s well as the average monthly 

consumption for the·entire building. 

With appropiate sub-metering of the subsystems, ·the actual 

consumption can be compared to the budget estimate. 

4.4.1.6 Total Energy Budget 

The average maximum demand and average monthly.consumption reflects 

the total energy status·(e.lectrical) of the whole building. 

Application of the relevant charges and tariffs enables the actual tota.l 

·energy budget to b.e calc:ulated. 

Figure 4.11 illustrates the derivation of a typical monthly account 

e'stimate. 

If other sources of energy, ~uch as oil, are used, the monthly costs may 

be added to the electricity costs, and the building's monthly energy 

costs obtained. 

- --·--··----------.. -·-·-------.--· ___ __:. _________ :,_ __ . ____ _ 
f.) IJ cm and k VA (Av c r a r. c "'ax d "m n n d ) 

!~ )' LJ 11.i. Ls k \.i,h (ii v c rag c month I y e o i1 sump t i on ) 

r:) Number o( !Jaye 

Tl ) S c ,. v i c e C: ,; a. r ,; c 

C) llcmanrl Cha rp.c 

L_:!; _ _ Rl1 '.''. Q 
l'oi.:1c r F :ic. t l'l 

F) Unit Charge @ 1, (10c/ k\.Jh 

G) Total 

II) .7% Disc.cunt for ll,V, .Bulk 

I) M0nthly AcccuuL 

------·-----·--·-

(PF C0.rr,·c!'ion) 

- --------·---·-·-----·-·7··-------·----·-· 

FIG. 4 .11 : Derivation of monthly account 
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4. 4. 2 IN.STALL kWh AND HOUR M.ETE~S 

4.4;2.l Sub-Systems. 

In o.rder to monitor the consumption of the ·various sub-;--systems-, the 

building owner must meter each of these systems indivi<lually. The 

meters should be installed in each plantroom, on all major items 

of plant and eq~ipment .. 

The meters will enable the following ,functions to be tarried out · 

a) 

b) 

. c) 

d) 

e) 

4.4.2.2 

Comparison between actual consumption and estimated 

consumption 
'' 

Comparison between actual consumption and previ'ously 

recorded consumption 

Accurate monitoring of the. effectiveness of the energy 

conservation measures 

Quick and easy spotting of items that may have 

excessive consumption due to faulty controls or· 

incorrect operation 

Spot checks to ensure that sub-systems do not operate 

wastefolly' (e.g. heating in warm weather). 

Tenants 

Large buildings are usually master-metered by the Supply Authority. 

This means that one central meter is installed by the Authorities. 

This meter ig usually read monthly and ~n account for the total' monthly 

consumption is rendered. 

Consumers within the building are often not sub-metered and the owner 

provides thv e I ectrici.ty ''free" ns part of the ovC'ral 1 rental. Tennnts 

thus also benefit from the bulk disc.aunt as the owner passes on this 

saving to make the rerit more competitive. 
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(In residential areas, when individual consumers do not have .monthly 

feedback and an economic incentive for con-servati'on ·of electricity 

usage, their consumption usually increases). 

The economic incentive to reduce cosu~ption will be strongest if 

tenants are charged for their electricity separately to their overall 

rental and if they are metered individually. 

In some offices, factors stich as the lighting level, occupancy, 

therm~stat settings and- hours of operati'on are often determined by 

company policy and not by electricity consumption. Tenants should be. 

encouraged t.o reduce their consumption even if this means .a review of 

company policy. 

Figure 4.lz illu~trates the inter-relationship of the above elements 

·: 

. ,__ __ ,___ _____ - J 

~!on.it or I 
Analyse 

' .. 
' . 

!---...._, __ __, .••••• - ••• 

~--L_i_g_h_t_i_~._g_L_e_'v_c_i_·--~' . 

'""P""'Y "' .. '---------~~ Cornpa•1y 

• ~Policy 
Thermostat Setting ;...o / . .---. 

I Hours. of Opero.tio~}.P'. ' 
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EIG_: ~.:-1.? : Relationship between energy consumption and 

company policy 
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4.4.3 Reconcile Electricity Accounts with Budget 

Comparison of electricity ac.counts with the budget' estimate should 

be done on a regular basis. 
.• 

Discrepancies between them should immediately be resolved. These 

may be simply explained, but can also identify areas where in':-depth 

investigation ·is required . 

. If the actual account is above or below the budget, the reasons should 

be identified. Below-budget consumption can have serious cbnsequences 

as this may be due to incorrect operation of equipment. 

An air conditioning plant that is switched off too early to reduce 

energy consumption wi 11 lead to complaints from tenants and will 

adversely affect ·the ''marketability'' of the building. 

Comparing the account with the budget will also.enable the following 

aspects to be monitored 

a) 

b) 

c) 

d) 

e) 

Wasteful use of energy 

Irt~orrect operation 

Selection of ~o~t suitable tariff 

Checking on tariff at which· tenants. are charged 

Faulty meters 
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B ENSURE EFFECTIYE BUILDING SEIWICES Ql'ER,ATION AND MAINTENANCE 

4.4.4 Appoint Manager of Engineering Ser-Vices 

A large building, complete with its services, but without suitable 

people to operate them,can be co~pared to a ship withriut a rudder 

as far as the operation and maintenance.aspects are concerned. 

These dynamic systems are vital to the smooth functioning of the 

building as a whole. 

The replacement value of the equipment i.s very high, and they consume 

large amounts of energy. 

Building owners. in South Africa generally, do not safeguard their large 

investments in building services. This is evident by the fact that 

many buildings have a single handyman who .acts as plant operator, 

maintenance mechanic. and general repair man .. 

To ensure effective operation and maintenance of all plant and equipment 

an Engineering Services Manager should be appointed on all la·rge 

buildings. (For smaller buildings one ·person can look after several 

buildings). 

This person must be responsible for ensuring that the building is 

·correctly staffed, that energy consumption is minimised, and that the 

overall operation and maintenance is effectively carried out. 

4.4.5 Appoint Building Technicians, Operators and Servicemen 

The Engineering Services Manager must have adequate staff to ensun~ that 

the building services are kept in prime condition. Complaints must be 

.dealt with promptly; while routine maintenance must be carried out 

according to schedule. 
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4. 4. 6 Provide Job Aids and Training Programme - _......_,,.,___. 

In South Africa today post corttra~t service from Ccintractors is generally 

poor. Upon compietion of the project the services ar~ handed over to 

the building owner or operator. The training he ieceives is minimal, 

and the operating and maintenance documentation is usually extracted 

from suppliers' catalogu~s and is often difficuit to relate to the 

ipecific installati6n. 

Thus, a thorough training progrannne should be implemented for the building 

operators, who must be taught to .understand the building systems, generally, 

and must be trained to operate and maintain the particular installjtion. 

J'ob-aids geared to the capability of the operator must be compiled. 

job aids could also be used in the training proces~. 

4.4.7 Record and Log Equipment and System Performance Daily 

These ' 

To ensure that malfunctioning arid faulty items are detected as early as 

possible, the operator must record and log the plant dailj. Faulty 

operation can result in expensive repairs and wastage of energy. 

4. 4.8 Analyse Logged Data and Correct Deviations 

The data that the plant operator records must be regularly analysed by 

a responsible person such as the Engineering Services Manager. 

This will ensure that the plant is operated in accordance with the correct 

settings. 

estimate. 

Consumption figures must also be compared against the budget 

The reasons for any deviations must be established as soon 

as possible so that corrective action will have an immediate effect. 

4.4.9 Implement Preventive Maintenance ProgranUl)e_ .. _ 

Maintenance, embraces all work done to prevent, repair,. or compensate for 

deterioration caused by use~ by aging, and by accident. It also incl~des 

modification work done to enable plant to carry out its present task more 

reliably. 
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Most plant equipment maintenance is done on a failure basis ~ when 

the unit fails,repair work is then done to get i-t working again. 

The maintenance staff become involved in urgent -repair tasks, and the.re 

is little time left over to overhaul equipment or to correct minor, non~ 

cri~ical problems. 

Preventive maintenance is not based on the failure approa~h. Rather 

than wait for a unit to fail, a preventive maintenance programme 

attempts to uncover problems and their causes while they are still minor, 

and before the .equipment breaks down. 

Although· the maintenan.ce staff workload and the maintenance costs may 

increase initially, in.the long term this approach will be more beneficial. 

I~ will b~ possible to schedule the staff.workload, and spares 

requirements· will be easier to plan. The life of the plant will be 

increased, operating costs will be· contained, and premature equipment 

failure due to.frequent. breakd.own will be avoided. 

Disruptions of building operations with possible loss of profits, lost 

rental income ~t penalty clauses within the lease will be reduced. 

4.4. 10 Employ Specialist Equipment Service and Maintenance Contractor 

To ensure that each sub-system in the building is maintained by people 

with the necessary expertise, outside. specialist contractors should be 

appointed. 

A new approach to building air conditioning system·mai:ntenance has 

recently been introduced in South Africa. The entire maintenance of the 

plant is put into the hands of a specialist maintenance co.ntractor who 

has to guaran.tee that the plant will not break down due to usage. In the 

event of a breakdown for reasons beyond his control, parts must be 

replaced within a specified time limit. 
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All repair ·and maintenance costs are borne by the contractor, 

Although the building owner may face a relatively higher annual 

maintenance bill, there are maJc:ir advantages that will offset this. 

The plant will be well-maintained arid will operate efficiently, ~nd 

this correct maintenance will increase the life of the plant, as well 

as optimise energy consumption. Further, the owner will not be 

presented with large repair bills when plant does break.down, and he 

will be able to budget more accurately for annual maintenance. 

•4. 4. 11 , Implement Reporting System for: Sy?tem Malfunctioning and 

Corrective Repairs 

In large buildings with several operators and ·maintenance staff, a 

sy.stem must be implemented to ensure that t:he Engineering Services 

Manager is aware 'of all problems encountered with the services .. 

Rem(;dial repair work carried out must also be monitored by him. 

A comprehensive reporting system will be a useful a.id in ensuru1g 

that the reasons foi;- malfunctioriing e·quipment are identified and 

analysed. The appropriate aetion can then be taken~ depending on 

whether the malfunction was caused by ·faulty equipment or maloperation. 

C UPDATE OPERATING AND MAINTENANCE DOCUMENTATION 

An important job aid for the build-ing operation and maintenance staff 

is comprehensive documentation. The existing documentation for the 

building sub-system should be reviewed and improvecJ upon in accordance 

wLth the following guidelines. These guid~lineS should also be used 

when specifying the documentation to be submitted by the .contractor 
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for new buildings 

a) 

b) 

c.) 

d) 

e) 

Provide technical sch~matics and systems geography 

in the building 

Update ·systems and equipment.stopping, starting and 

emer~ency operating instructions 

Provide .equipment logging and inspection instructions 

and reporting system 

Provide system malfunctioning diagnosis sheets 

Provide system description and troubleshooting 

guide 

The efficient operation and maintenance of the servic.e systems 1s described 

in block diagram in Figure 4.13 overleaf. 
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4. 5 MODIFY AND LMPROVE THE BUILDING 

A REDUCE COOLING AND HEATING LOSSES THROUGH 

THE FACADE OF THE BUILDING 

B IMPROVE BUILDING HOUSEKEEPING 

A REDUCE COOLING AND HEATING LOSSES THROUGH THE FACADE OF 

THE BUILDING 

4.5.1 Reduc.e Glass Area 

Energy is supplied t~ the HVAC system ·to offset heat losses and gains 

in order to mjintain the comfort conditions within the building. 

The heat gain and heat loss vary with each day of the year and with 

every hour of the day. It varies with the orientation of the building, 

ihe geograp6ic location, exp~sure to winds and usage, and will ~ven 

be influenced by surrounding buildings. 

A large amount of glass ii1 the facade will lead to increased heat loss 

in winter and heat gain in summer, with a corresponding increase in 

energy consumption. 

Figure 4 .14 illustrates the heat gain variation clue to a change in the · 

percentage of glass in the facade in a typical building. 
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The .glass area of the facade should thus .be kept to a mimimun and 

should not excee~ 25%. There is often ·an aesthetic problem 

in trying to reduce this glass area, bu,t energy consumption 

considerations aie now having greater infl~ence on this subject, 

4.5.2 . Install Double Glazing, Imptove Shading and Insulate 

Facade 

The reduction of splar heat gains presents an important opportunity 

to reduc·e energy consumption in the entire building. 

The sun's i_nfluence, starting in the east when tenants arrive, ·and 

moving to the west in the evel'i.ing is high in the sky in summer and 

low in winter.· Mechanical systems have difficul~y in coping with 

this changing situation, and often supply air based on the maximum 

l!=Jad. · 

To reduce the associated large energy consumption, the solar 

influence must be redueed as far as possible. This can be done by 

double.glazing, by improving the shading·devices on the building, 

and by ins~l~ting the facade. 

Table 4.5 below illustrates the solar heat gain through glass for 

various types of glazing and shading devices. For example, a light 

colour venetian blind will reduce the solar heat: gain through 

ordinary glass to 56%. 

Type of Glass Glass Factor. Inside Venetian Outside Shading 
No Shade nlind Screen -·-·-- . _, ·- .. .. - ····-· ----·-· ·-------·-- --·--------- --·· ----·----

Light Med. Dark Medium. Dark 
Col. Col. Col. Colour Colour 

- ------. ------ ·---·--- ··---·-
ORDINARY GLASS 1,00 o,~6 0,65 0,75 Q,22 0,15 
---------- -- -------A• _,., .... ___ .. ____ 
HEAT ABSORBING 
GLASS (48-56%) 0,73 0,53 o, 59 0,62 0,16 o, 11 

DOUBLE PANE 
Ordinary Glass 0,90 0' 54 0,61 0,67 0,20 0' 14 

TABLE 4 .. 5 Solar heat gain through glass 
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4. 5 .• 3 . Make Facade Air Tight 
·. 

If there are leaks in the facade of the building, the warm air in 

winter and cool air in sunnner will not maintain its temperature. 

·Thus additional energy will be require~ to maintain the temperature 

requirements of th~ office space. 

B IMPROVE BUILDING HOUSEKEEPING 

Efficient operation .and maintenance of the building t6 ensure energy 

conservation is an ongoing process. The operator should inspect 

the entire area regularly, in accordance with the following guide..,. 

lines. ·Where necessary, other building personnel should be 

instructed accordingly. 

a) 

b) 

Close curtains and blinds every night when .cleaning 

building 

Instruct tenants in proper usage of shading devices 

and monitor their use 

c) Close doors (or install self-'closing devices) 

d) Close windows 

e) Repair air leaks 

f) Reduce amount of lighting used by cleaners 

g) Switch off unnecessary light~ 

h) Tour "used area" of building on a regular schedule 

and adjust wrong temp.erature settings 
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. CHAPTER FTVE 

APPLICATION OF AN ENERGY MANAGEMENT 

PROGRAMME 

In order to. investigate the merits of introducing an energy managemen't 

programme on existing buildings, several buildings were.surveyed and 

analysed, and the results are described in this chapter~ 

5.1 ENERGY SURVEY 

Two approached were considered and are discussed below. 

5 .1.1 Meth6d A - Detailed Survey of Sub~Systems and Measurement 

of the Energy Corisumpti6n 

This method requires an in-depth survey of the building to be carried 

out initially, to establish where the ''load centres" are located. 

Measurements and recordings are then taken of the actual consumption 

over a period of several days for each of the sub~systems •. ·and for the 

building as a whole. Reconciling this data with the monthly energy 

consumption account rendered by the Authorities enables a complete and 

~ccurate energy profile of the building to be established. 

The consumption can then be.compared to the standard reference values·for 

similar buildings, after makirig due allowanc.e for any special non

standard operating characteristics of the particular building, such 

as after-hour operation. 

If the resulting actual consumption figures are not in line with the 

reference values, an energy and/or operation investigation should be 

implemented. 
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This method of surveying a building will provide very accur;;1te. data. 

However, this is a costly process, as it involves skilled people for 

several days, and expensive recording equipment must be utilized. 

5 .1. 2 Method B - Detailed Survey of Sub-Systems and Preparation 

of an Energy Audit 

As with Method A, i detailed survey of the building sub~syitems is 

carried out. The operation of these sub-.systems and usage of the 

building ·as a whole are also· investigated. 

Using this information, an energy budget is then prepared. This 

budget is an estimate of what the energy consumption ought to be,· 

provided that the buildlng is being ~orrectly operated and maintained. 

Comparing this estimate to the actual consumption will establish 

whether there is scope for energy to be saved and whether the building 

is being correctly operated. 

s. 2. DATA. COLLECTION 

To assist in carrying out an energy survey, a comprehensive questionnaire 

was compile.cl. It had t.o be detailed enough to identify the important 

loads, but it also had to be sufficiently general to avoid collecting 

detailed time-consuming information on sub-systems, analysis of which 

would not significantly alter the energy ~r~file of the building. 

The scope o! the. questionnaire covers the building area, the electrical 

consumption, operation of the building, as well as the building structure 

and equipment load details. 

A sample filled-in questionnaire is included in Appendix c. 
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Several bui~dings were surveyed on the basis of this questionnaire. 

The results of other buildings that were .surveyed were made available 

and these results were also analysed on the basis of the questionnaire. 

5.3 .SELECTION OF BUILDINGS 

The b~ildings that were surveyed are located.in Cape Town, Johannesburg 

and Durban. They include commercial office buildings and shopping 

centres.· 

The buildings varied in age from 3-10 years and in total area from 

20 000 m2 to 50 000 m2. 

These. buildings were selected as typical examples of the different 

categories of modern commercial buildings most common in South Africa 

today. Although nearly all the buildings were more than 80% let, the 

owners were very con~cious of the amount of energy being consumed, and 

were _interested in investigating methcids of saving energy. 

The offices had.a high lighting level of be.tween 500_:700 lux (30-40 W /m2) 

over most of the nett usable space, and were served by a central air 

conditioning plant. 

5.4 OPERATING AND MAINTENANCE DOCUMENTATION 

Before an on-site inspection is carried out, it is always useful to study 

any documentation that may be available. This includes plans of the 

~uilding, schematics of the sub-syste~s and operating and maintenance 

manuals. 

This· cn;lbles .a comprehensive picture of the building and its sub-systems 

to be obtained,. provided that reasonable documentation is available. 
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5.5 SITE INVESTIGATION 

Seyer al interesting problems arose when on-sit·e ·investigations were 

carried out. 

The building staff were often suspicious of the personnel undertaking 

the survey, in fe~r of .~riticism of the present method of operation 

and maintenance of the building. The surveying en~in~er requires the 

co-operation of the building staff and must be very tactful in his 

approach .. 

Very often the actual instal~ation on site was fo~nd to be different 

to the information· shown in the documentation. This was due to 

changes in the usage of the area, or caused by modifications implemented' 

by the ope~ating staff. 

The observatio~s described below were ~ade ~hen buildings were surveyed. 

They do not all apply to all the buildings, but are representative of 

the problems encountered. 

5.5.1 Documentation 

On buildings tha·t were more than about three years old the operating 

and maintenance documentation was sub-standard. In some cases the 

original documentation was inadequate and in others it had not been 

updated in line with alterations to the premises. 

5.5.2 Staff 

On many buildings the number and qualification of the people responsible 

for operating and maintaining the sub-systems was well below what could 

reasonably be expected and justified. 

-74- .. 



Any breakdown or maintenance problems were 'u.sually attended to by 

outside contractors, and the owner had very little control over 

costs. 

The building staff wer'e .not fully conversa."nt with all the features 

of the sub-syst~ms. They had not been properly trained and did not 

understand, for example, how some control systems were designed to 

operate. 

5. 5. 3· Maintenance of Plant 

On most buildings the plant and equipment .. showed signs of· a lack of 

involved maintenance. 

Deiailed inspections of the installatidn as a whole* and of the 

equipment and its components, had often not been c'arried out since the 

plant was installed. 

Thus d~f~cts such as 

corrosion on cooling towers 

worn bearings on pumps 

poorly fitting and dirty filters 

corrosion on coils and sumps 

slack belts and poorly aligDed drives 

leaks 

were not being revealed and repaired as soon as they occurred.· 

On newer buildings this would not have an adverse effect in the short 

term. However, if these d~fects ~re not attended to, expensive repair 

bills will result in the future. 
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5. 6 CL_ASSIFICATION OF BUILDINGS 

Each building sur~eyed had particular features that initially made the 

building seem a "special case". These featur~s ranged from the 

physical location and construction of the building to the condition and 

type of the systems and ·equipment. 

In order to group buildings into categories, a chart wa.s cbmpiled taking 

the general f~atures encbuntered into consideration. This chart telates 

mainly to the thermal qualities of the building and to the type and 

energy efficiency operation. of the air cond{tioning system. 

This chart 1s illustrated 1n Figure 5.1 below: 
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FIG 5.1 Building classification and energ~ consumption 
(E energy efficient; I = energy inefficient; 
W = energy wasteful) 
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The classification of the buildings surveyed into one of the above 

categories enables the actual consumption to be assesied on a 

realistic basis. 

Thus a· thermally efficient building with an energy efficient HVAC 

system and operated efficiently .should have an, energy consumption 

of ;:tpprocimately 100 kWh/m2 / annum .. 

The. classification consumption figures have been derived from 

theoretical studies and published survey results and have been used 

as a guide only. In many buildings surv-eyed the diffe;rence between 

efficient, inefficient and wasteful systems and method of operation 

was difficult to distinguish. 

5. 7 IMPLEMENTATION OF ENERGY CONSERVATION MEASURES 

On all the buildings surveyed there were possibilities of conserving 

energy. In certain cases simple adjustments to control setting~ 

resulted in savings, while in others major modifications were required. 

5.7.1 Pre~aration of Ene~gy Budget 

Having established the potential for energy savings, an en~rgy budget 

was prepared for each building. 

Preparation of the budget was based on the procedure outlined in 

Chapter 4, and included the maximum demand and unit consumption. 

The completed budgets· for several buildings are included in Appendix 

These budgets are based upon the curient way in which t~e building ,is 

being used, but assuming that the sub-systems are being operated 

correctly a~ designed. Thus, any weekend or after-hour operation, and 

other non-standard features, are allowed for. 
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Using the bµdget as the energy consumption target, an energy analysis 

was undeitaken of each building. This analy~is was assisted by using 

the energy conservation thecklist as a guide (Appendix A). 

Each potential energy saving modification was investigated in relation 

to the building. The cost of implementing each energy saving step 

varied between sub-systems and between buildings, as did the estimated 

savings. 

5.7.2 Classification of Conservation Measures 

To put these· steps of the energy management programme into perspective, 

a classification.sy~tem was introduced. This system categorises the 

steps into short, medium and long term items _(Category 1, 2 and 3), 

and is 'based upon the simple. payback formula of 

Estimated Capital Cost of Modification 

Estimated Annual Energy Saving 
Payback Period 

To bring the buildings into line with the "correct operation" energy 

budget, the modifications usually fell into Category 1, although on 

some buildings the cost of the modifications put the energy saving 

step into Category 2. Implementation of some C;3.tegory 2 steps and most 

Category 3 steps would usually result in an improvement over the budget. 

A new budget would ·then be prepared, called an "energy efficient" budget. 

Ah example is included. in Appendix H, together with the "correct 

operation" budget. 
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5. 7.3 Energy Management Programme Sample Recommendations 

S.ame sample steps from an energy management programme recommended 

ori several buildings surveyed are described below. 

are included in Appendix. 

Further exam~les 

5. 7.3.1 Energy Management Prograrnine Recommendation - Example A 

Modify and Improve the Illumination System - Use More Efficient System 

Introduce Task Lighting arid Introduce Light on Work Stirfaces. 

In one building analysed it was recommended that instead of installing 

a unif~rm pattern of lightirig~ a task lighting installation would be 

more advantageous. 

It was further recommended that lum.inaires incorporating highly polished 

aluminium parabolic reflectors be used. These Low Brightness Reflector 

luminaires are approximately 30% more efficient than the conventional 

luminaires with prismatic diffusers. (Lum.inaires with bare tubes are 

not usually permitted in offices because they create too ~uch glare) .. 

A waiver to the local regulations had to be obtained for the task 

lighting system. The regulations require that a uniform. lighting level 

of 500 lux be provided over the whole of the interior office area. 

With a task lighting in~tallation, 500 lux would orily be provided over 

the desk area, and about 256-300 lux in the rest of the space. The 

waiver was readily granted and the installation is currently proc~eding. 

2 
The use of task lighting is expected to save 15 W/m. of energy. dver 

the entire block this will result in a saving in energy costs of 

appro'xim.ately Rl2 OOQ,00 per aunum. . 
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The use of the Low Brightness Reflector luminaires has increased the 

capi,tal cost of the installation. However, due to .the resu.ltant energy 

sa'\rings, this is expected to have· a· payback period o.f 2 ,25 years. 

The calculations are shown in Table 5.1 below. 

Alt. 

U.ght Fittings 

E ff i c i c n· c y. 

C.U. (for 70, 50, 10 

Roo::: Index L 5) 

x !1J.intc:1.~:nc·e. Factor 

:\urn~er of fit.tings 

requlred Eor 16.500 m
2 

Lighting Connected 

Lo:t<> 

C;:pi tel Costs 

!\.:Jr1r.1r:z Cos ts 

.i!. O.~· Ur:.it Cons~1:nptio11 

(includins ~ir Conditioning) 

Illu~indtion Cons. x 1.3 

Base~ on 3000 brs/p.a~ 

R4,Sf.:/kVA 

+ 

ray back period 

~c ebove electricity costs 

Standard 200 Watt Low Brightness 

(Prismatic Diffuser) 100 Watc 

0. 3 7. 

1700 

340 kW 

RBS 000 

R.4 6 300 

0 

.Al. Single 

Parabolic Reflector 

0,49 

2500 

250 kW 

Rll2 500 

. R .3 4 000 

·~~~ ;gg =2. 25 

years 

TABLE 5.1 Payback Period to Install L B R Light Fittings 

-80-



5.7.3.2 i Energy Management Programme Recemmendation Example B 

Modify and Improve HVAC Sys.tern. 

Ensure system operation at or near optimum efficiency with reduced 

building loads. 

After~hours - Part System Operation. 

Extended Operation of Supermarket. 

The tost to provide ai~ conditioning to a supermarket up to 20h00 on 

weekdays was :investigated as part of the overall energy management 

analysis. 

The r~sults are summarised in Table 5.2 below. 

MODE OF OPERATION CAPITAL TOTAL ANNUAL 
COST ELECTRICAL ·ENERGY 

COST 

a) Fit positive shut-off da.mper~ in branch 

duct to allew supply ai.r to Supermarket 

only. RS00,00 

b) Operate: Supply air fan 

Condenser.water pump ' 

Chilled water pump 

One cooling tower fan 
' One refrig·eration compressor unit R_3 7 • 4 4 4 , 0 0 

As above, but provide smaller condenser and 

chilled wa t.er pumps to mat.ch load together 

with alterations to pipe work. RS.000,00 R36.016,00 

Provide complete self-contained plant to 

serve Supermarket. R40.000,00. R35.302,00 

TABLE 5.2 Extended Operation of Supermarket 
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From Table 5.2 it is clear thit the main pl~nt ductwork should be 

~edified to close off the supply ~ir ducts serving the rest of 

the building. One supply air fan should be operated with one 

compressor of the standby water chilling set (Scheme 1). 

5. 7·. 3. 3 Energy Management Programme Recommendation - Example C 

Ensure Efficient Operation and Maintenance of Service Systems by 

Improving Operating Documentation. 

As mentioned previously, cin·most buildings surveyed the operating 

documentation consisted of manufacturer's catalogue extracts and,. 

were unsuited to the operating s~aff. 

It was recommended that the information from the."standard" 

·maintenance manual be extracted, re-arranged and modified.specifically 

for the plant operator, to enable him to run the plant at the lowest 

possible energy costs, while limiting tenant complaints. 

It was recorrnnended th8:t tl)is' docume.ntation be adapted to the skill· 

and understanding of the operator, and that it should be used as a 

means of instructio~ and training. To be most effective, it was 

recommended that this documentation should incorporate the following 

information 

1) Descri,ption of the Building and its HVAC System 

a) HVAC systems connected load matrix 

b) Air conditioning - Technical Schematics 

Power Distribution 

Chiller and Condenser Water Distribution 

Air Distribution 
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2) 

3) 

4) 

5) 

Geography of Sub.,...Systems in the Building 

c) Ventilation 

d) Heating 

HVAC Systems Operating Instructions 

~) Air conditioning ·-

Sel~~tion of equipment to be operated 

Starting instructi'ons - air handling units 

and chi:llers. 

Emergency.operating instructions 

b)_ · 'Ventilation 

c)_ Heating 

Syste.nis Logging and Observation Procedures 

a) Air conditioning 

b) Ventilation 

c) Heating 

System Malfuntioning Diagnosis Sheets 

~) Air conditioning 

b) Ventilation 

c) Heating 

Diagrammatic· Sub.,..system Description 

a) Air conditioning 

b} Ventilation 

c) .Heating 



5.7.3.4 Energy Management Programme Reconunendation - Example D 

Modify and Improve Building by ,Improving Shading: 

The building surveyed had a b_uilding sttucture that was designed to 

provide shading of th.e glass areas during sumr:'ler. 

However, not all the glass areas were completely protected against 

direct solar heat gains. Thus the installati~n of a reflective film 

was evaluated. The financial implications were 

·Approximate ·cost of reflective film 

Estimated Ene.rgy Saving 

. 2 . 
RlS/m of glass area 
. 2 . 
Rl,60}m per annum 

Th.e -modi·ficati'on · would th.us pay ,for itself within 15 

1,6 

9,37 years 

,At pre.sent day cos·ts this modification. was not worth considering. 

5. 7.3.5 Energy Management Progranune.Reconunendation - Example E 

Modify and Improve the Illumination System - ~se More Efficient Systc;m. 

Introduce Localised Light Switching. 

An investigation was carried out into the possibility of installing a 

lighting control system that would monitor the average sum of the natural 

and artificial lighting. As the daylight ihcreased, the system would 

reduce the amount of artificial ligh~ing_to the space. 

The costs are sununa"rized below 

1) 

2) 

3) 

. . 

Lamp-s per floor 

Actual load (per floor) 

Annual electrical consumption 

based on 2250 hrs use per year 
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17,29 kW 

38902 kWh x 18 floors 

700245 kWh 



4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

Design illuminance 

Assumed daylighi factor 

R~duction in use of el~ctric 

lighting achieved by control 

Dimmer rating 

Control system cost 

(single zone system) 

Additional cost of heater 

transformers 

364 lamps @ R4,30 

Total cost of fluorescent 
' ' 

lighting control system 

Cos·t of· installation per kW 

12) Annual elect~icity consumption 

of installation at 20% of 

initial consumption 

13) Electricity consumption by 

·cathode heaters 

5 x· 2250 hrs x 364 lamps kWh 

This is the max~mum quantity of 

electricity consumed by the lamp 

·heaters assuming th~y are on. for 

2250 hrs/year. In practice the 

figure will be lower because heaters 

will be switched off at times; 

500. lux 

3,6 

80% 

40 kVa per floor 

R4 176 per floor 

Rl 565,20 per floor 

RS 741 per floor 

"' Rl03 338,- for 18 floors 

R332 

140049 kWh 

7 3710 kWh 

14) T~tal annual electrical consumption 213759 kWh 

15) Annual saving (line 3 minus line 14) 486486 kWh· 

16) Effective reduction in electricity 

consumption 

17) Annual reduction in runnihg costs 

·at 3,J c per kWh 

18) Period to recover costs 

(Line 10 ~ Line 17) 
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In this particular case, the capital cost of the modification was 

relatively high and. it was decided to reassess the situation when 

electiicity tariffs are raised again~ 

5. 7.3.6 Energy Management Programme Recommendation - Example F 

Modify and Improve the HVAC System ..:.. Cool with Outside Air and 

Do Not Waste Energy on Unnecessary Large Volumes of Outside Air. 

Use outside air, return air and relief damper. (Economiser Cycle). 

An air conditioning plant on a building was investigated,· This 

plant operated continuously at 100% air and h~d been equipped with 

132 kW of heating and a spray pump which appeared to run 

continuously. By converting to an Economiser Cycle, the heaters 

became redundant. 

The following recommendations were made : 

1. Install motorised fresh air', recirculation· and 

exhaust dampers. 

2. Install economiser control system. 

3. Stop pump and remove eliminators to save pump 

and fan power and reduce maintenan,ce (corrosion). 

Estimated Cost 

Estimated Saving 
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CHAPTER SIX 

POTENTIAL FOR ENERGY CONSERVATION 

6.1 EXTENT OF ENERGY MANAGEMENT MEASURES 

The results of the energy consumption analyses carried out on the 

buildings surveyed clearly indicate that the implementation of energy 

management programmes would lead to a definite conservation of energy, 

In South Africa at present many building owners are cho6sing sbort

ten~ solutions to their energy problems. Thus, quick payback 

items su~h as Power Factor Correction equipment is oft~n installed 

as a.solution. This equipment does not require any maintenance,. and 

the savings are usually immediately apparent, with dre overall 

payback period being between 12-24 months. Al thougli in..;..depth and 

costly modifications are implemented less frequently, this situation 

is expected to change as energY, costs increase. 

6.2 SURVEY QUESTIONNAIRE 

In ~ndertaking energy cdnsumption sur~eys, the comprehensive survey 

que~tionna~re proved tb be an extremely u~eful .aid, especially on the 

older ( 5 years· and over) and larger buildings. On the old.er buildings 

it was difficult to obtain any operating and maintenance documentation, 

and that which was available ~as often out of date. 

As the surveying engineer usually had a limited time in which to 

complete his work, the questionnaire enabled the important areas to be· 

identified immediately and only the most reievant information was 

gathered,; 

The questionnaire an·d the subsequent transformation of the information 

into the energy budget enabled the entire building to be broken down 

into sub-systems that could r~adily be analysed. 
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6. 3 EFFECTIVENESS. OF ENERGY CONSERVATION GUIDELINES FOR NEW 

AND EXISTING BUILDINGS 

The application of the recommendations of the energy conset,vation 

checklist could often not be easily implemented. Many·existing 

installations couid only be conver~ed or m~dified at great expense, 

which would have resulted in a long payb'ack period. 

Thus many of the energy conservation guidelines are more suitable for 

inclusion ln the design of new buildings than for the retrofitting 

of existing ones. This applies particularly to items that do not 

immediately show any energy savings, or .that do not have any apparent 

savings, such as the installati?n of sub-meters, effective operation 

and maintenance and optimum equipment selection. 

The above notwithstanding, many of the energy conservation measures 

recon@ended could be ~pplied to all the buildings surveyed. 

·An example of the effect on energy consumption of the implementation 

of an energy management programme ,is shown in Figure 6.1 below . 

z 
0 
I
Q.. 

::!: 
::::> 
CJ) 

z 
0 
u 

FIG. 6.1 

. REDUCTION DUE TO 
IMPROVED OPERATION 

REDUCTION DUE TO 
RETROFIT 

TI ME 

l 

Consumption reduction due to· energy management 
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Immediate· energy savings were achieved by readj.usting the controls 

and improving the operation of the sub-systems, particularly the 

air conditioning system. Subsequent larger savings were made. 

possible after an in-depth analysis of the building and its sub

systems, ·and the implementation of the energy management programme 

recommended. 

It was generally found· 'that energy savings in the order of 10% to 

20% could be achieved by implementing short-:-term and medium-term 

recommendations. Long term recotnmeridati.ons (10 years and over 

payback) would result in a furth~r s~vi~g of approximately 10%. 

The calculated results of the implementation of the conservation 

.recommendations generally agreed with the savings predicted in the 

theoretical analysis on the model building. 

6.4 FACTORS INFLUENCING PRESENT ENERGY USAGE 

. It was interesting to observe the many possibilities that exist in 

most b~ildings in South Africa today for energy conservation. 

Although many building owners and operators ·interviewed were fully 

·aware of the possibilitie.s of saving energy arid of the rapidly. 

increasing costi of energy, ve~y few had actually implemented 

any iignificant m6difications and improvements to th~ir buildings. 

While undertaking the energy surveys an attempt was m:Jcle to identify 

the reasons for this apparent inaction and the following observation.s 

were made nnd conclusions drawn 

6. 4. 1 Cost of Energy 

Energy had always been cheap and its use uncontrolled and unmonitored. 

There appeared to be little awareness of the amo~nt and proportion 

consumed by the buildi~g sub-systems. With the recent sharp price 



increases,a qew understanding and appreciation had to evolve, and 

this has taken time to ov~rcome the inertia of the ptevious 

operating methods and procedures. 

6.4.2 Post Contract Professional Advice 

On most buildings, the normal procedure at the end of the contract 

has been for the building and its sub-systems to be test~d, 

commissioned and handed .over to the ·owner. The Consulting Engineer's 

involvement was virtually terminated, and it was· left to the building 

operate~ and th~ maintenance contractor ~o operate and maintain the 

plant and equipment. 

The operator's priority was to ensure that the plant operated 

satisfactorily so that tenants·did not complain. This was done 

regardless of the amount of energy consumed and regardless of whether 

the plant was actually operated correctly~ as designed. Thus any 

energy conserving fea~ures of the design that were not fully understood 

by the operator were simply ignor~d arid the benefits iost. 

6.4.3 Design 

In designing a .complete building that will only be occupied in the, 

future by as yet.unknown tenants, the designer requires considerabl~ 

skill to accurately estimate the total ariticipated load of the building 

sub-systems; 

For example, in sizing air conditiqning equipment, the engineer must allow· 

for average as weil as peak conditions. Naturally, the lower the 

estimated load, the smaller the capacity of the equipment required, and 

hence less energy .will be consumed. 
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Building owners rely fully on ·the engineer for correct sizing of the 

plant, and the consequences of undeisizing a plant appear to have 

influenced many designers to specify plants t"hat cater more for peak 

rather than average conditions. 

During many m_onths of the year these plants do not operate near 

their full lOad which results in their ineffici.ent running and, thereby, 

in an energy wasteful situation; 

6.4.4 Owner and Operator 

In many property development ogranizations there appears to be a very 

definite di vi-ding line between the develop_ment department and the 

operating and mainten~nce staff. The. personnel staffing theie 

departments often co~e from very different backgrounds and there. is a 

noticeabl~ lack of co-operation arid integration between them.· 

Some organizations have attempted to overcome this problem by involving 

~he maintenance staff in the design process of the building. Thus, 

any energy ~aving proposals and criticism of equipment manufacture or 

layout can be considered by the design team prior to the construction 

stage. 

It also has the advantage of allowing the operating staff· to fully 

urtdetstand th~ design philosophy of the installation, especially as 

regards energy saving techniques .. 

6.4.5 Authorities 

Unlike their counterparts in many countries abroid, South African; 

authorities (local and national) do not appear to h~ve the same concern 

over their own specific energy co.sts and over those of the-cominercial 

sector gene~ally. 



In considering new designs, energy ·consumption as well as operating 

and maintenance costs do not appear to have i major influence and 

serious attempts are not made on existing buildings to regulate these 

costs. 

In addition, designers have to contend with ·building by-laws that are. 

outdated ~nd unrealistic. For example, the minimum requirefuents are 

prescribed specifically with regard to .the illumination al'ld air 

conditioning systems and there is no scope for a "performance 

specification" approach. 

As the~e by-laws are restrictive, they tan lead to inefficient usage 

of space and wastage of energy. 

It is encouraging to note ho~ever, that in recent months a reappraisal 

of these building by-lays has taken place and waivers have been 

readily granted when properly motivated. 

6. 5 REVIEW OF RES.ULTS IN RELATION TO PUBLISHED LITERATURE 

The results of the ca1£tilations carried out on the buildirigs surveyed 

agree generally with the main observation made by others on this su~ject, 

that the principal savings potential in energy consumption in large 

buildings can be made on the air cofiditioning system. 

In the literature surveyed, detailed examples of energy conservation 

measures applied to commercial buildings w·ere difficult to find .. The 

data published was usually for a sector of the·economy as a whole, and 

was not concerned with the sub-systems of a particular segment. 

Where case studies were available, they generally ·dealt with several 

buildings and showed the overall savings achieved. The reports do not 

deal with specific steps implemented on each building and the associated 

energy savings. 
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'Many reports describe in great technical detail modifications to 

components and circuitry of a specific item of equipment that 

resulted in lesa use of eriergy. There is an abundance of this 

type of report available, mainly in overseas technical journals. 

Total energy management programmes, using a systems engineering 

approach and describing irt detail the steps implemented and the 

resulting savings, along the lines of this thesis, were not 

generally available. 

6. 6 GENERAL PARAMETERS FOR ENERGY ECONOMY 

The subject of energy management in buildings is very vast, and 

can be dealt with on many levels, ranging from the broad conceptual 

approach regarding the use and location of the space, to a detailed 

engineering examination of individual items of equipment; 

This project .is mainly concerned with the application of energy 

management programmes to existing buildings, and with the 

application of the guidelines to new building design, while 

maintaining in. all cases a systems engineering approach. · 

The following items should be.considered when investigations·are 

carried out into enei:gY' economy : 

6.6.1 Building Sub-Systems 

The energy management programme described is concerned mairily with 

the lighting, air conditioni'ng and hot water systems. Other energy 

cqnsuming items such as pumps and lifts offer very little scope for 

energy economy. 

Lifts may, ·for example, be prevented from operating during quiet 

periods, but the energy consumption will not change significantly 

as the remaining lifts will run more frequently. 
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6.6.2 Tenant Managenient 

Building tenants should not be allowed uncontrolled use of building 

energy. This is particularly relevant for after-hour operation. 

In addition to the cost of lighting en~rgy, tenants should be 

charged for the vse of air conditioning plant. This latter charge 

should comprise an operating and maintenance part, as well as a 

cqst incurred by the owner to replace the plant with a shortened 

life due to the extra hours 6f operation. 

6.6.3 Annual Energy Consumption 

Fig. 6.2 below illustrates the range of energy consumption of 

typical thermal efficient and inefficient office buildings. 
. 2 

In America and Europe an energy consumption target of 175 kWh/m / 

annum has been promoted. 
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FIG. 6.2 - Range of consumption for typical buildings. 
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6.6.4 Award Price Formula 

In Americq, the General Services Administration make use of an 

Award Price Formula in evaluating building tenders, 

This for~ula takes into consideration the following costs 

a) capitat. 

b) maintenance 

t) sp~ce adjustment 

d) energy 

e) luminaire relamping 

Tri South Africa more emphasis should be place on a similar approach 

to building ~esign evaluation. 

6.6,5 Automatic Energy Management Controllers 

Automatic control units are being used with increasing frequency for 

building energy management. These ~nits monitor, the consumptiort and 

automatically shed non-essential loads if a predetermined limit is 

about to be reached. Further savings are achieved by lciad cycling 

and pre-programmed switching control. Whereas the cost of these 

microprocessor based units may be justifiable in terms of the savings 

achieved, in many cases these savings are due to energy cost reductions 

and not due to more efficient use of energy; 

6.6.6 Solar Energy 

Solar energy has not had a great impact on commercial buildings;· The 

main area where this could be readily applied is on the hot water 

system~ The payback period for solar assisted systems is in the order 
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of 3-6 ye<Jrs, and ns energy costs rncrC"::rsc nnd as th0. relinhi lity 

of the solar systems improve, one can expect to see a ·wider: 

application of these systems~ 
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CHAPTER SEVEN 

CONCLUSION 

The world has e~perienced rapid increases in the cost of.energy over 

the past 6 years, together with many warnings of likely depletion of 

traditional energy sources i,f the current rate of consumption continues. 

The cost of energy has become a significant factor in the total owning 

and operating costs borne by building owners, a~d this has led to an 

increased awareness of the potential for energy.conservation. 
' ' ' 

Investigations carried ~ut on Soµth African Buildings with the broad 

aim of energy conservation l.iave revealed that many buildings are operated 

inefficiently, resulting in an uncontrolled.and wasteful use of energy 

and a rapid deterioration in the condition of th~ plant. 

Further analysis has resulted in the identification of three major areas 

where efficiency can be improved,.namely: 

a) Reduction in energy consumption 

b) Improvement of-operation and maintenance methods 

c) Reduction in energy costs 

The complex interaction between building sub systems, and between the 

components of individual -sub-systems, required that a systems 

engineering approach be followed in analysing. these buildings. 

A total energy management programme was formulated,. and a comprehen

sive set of energy management measures and guidelines was compiled. 

Appl~cation of these measures to a hypothetical model building indicated 

that short to medium term energy reductions of 10% - 20% would not be 

difficult to achieve. The model bu{lding was chosen as being repre~ 

sentative of typical niodern commercial office buildings in South 

Africa. 

The energy management programme was applied to several existing buildings, 

and the results achieved generally agreed with the p.redicted outcome. 
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On some buildings only a_limited application of the progrannne could 

be implemented, due to restrictions imposed by the existing building 

and services design. 

' 

The maximum benefit would naturally be achieved if the guidelines-are 

followed during the design process for new buildings. 

Principles of energy conservation should play a more important role in 

the management and administration of ·new and existing buildings. · The 

following specific re·comrnendations should be investigated further: 

a) 

b) 

c) 

d) 

Building Code - A set of building guidelines sh~uld be 

developed setting energy consumption limits 

for various types of buildings. To 

encourage the modification of 

Consumption 
Da·ta 

Operation and 
maintenance 

Capital· 
expenditure 

existing buildings to bring them in line 

with these guidelines, tax. concessions 

should be' made available. 

Building owners and users should be made aware 

of the importance of minimising energy usage. 

This can be done by disseminating information 

on actual energy consumption and on: possible 

reductions that can be achieved. 

More attention should be given to training 

suitable people to operate and maintain buildings. 

Owners should be made aware that this is one of 

the best investments they can make, and that 

ultimately they will be cqntributing to a 

reduction in the country!s energy demand. 

Building developers should be encouraged to 

consider designs in terms of life cycle c6sting, 

including energy consumption, rather than in 

terms of first ·costs only. 

-98-



e) Leases - Lease clauses dealing with energy consumption should 

be carefully compiied. Energy should·be charged 

for· separately for each in?ividual tenpnt. Although 

competitive conditions in the letting market today 

may make it advantageous.to include energy costs in 

rentals, many leases signed 6n this basis will still 

be v.;:i1id when the surplus of accommodation ends, and. 

opportunities to encourage energy conservation will 

have been lost. 

The current approach to building design and operation 1n South 

Africa should be ·reappraised in accordance with the above 

recommendations, with the objective of minimising energy con

sumption. 
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A 

1.1 

1. 2 

1. 3 

1. 4 

1.5 

1. 6 

APPENDIX A 

·CHECKLIST OF ENERGY CONSERVATION MEASURES 

MODIFY AND IMPROVE THE ILLUMINATION SYSTEM 

USE MORE. EFFICIENT SYSTEM 

Select efficient light fittings. 

Introduce Task Lighting and concentrate the light on work surfaces. 

Iritroduce localised light switching. 

Switch off lights at lunch times. 

Introduce central master over-rioing switching. 

Introduce controlled iafter and before'. hours cleaning lighting 

switching. 

1. 7 Introduce kWh meters 

B ·OPERATE ILLUMINATION SYSTEM EFFICIENTLY 

1. 8 Maintain and clean light fittings on a regular routine basis. 

I.. 9 Remove unnecessary light· fittings. 

1.10 Remove unnecessary lamps. 

2. MODIFY AND IMPROVE THE HVAC SYSTEM . 

A ELIMINATE SIMULTANEOUS HEATING AND COOLING 
OF A ROOM OR ZONE 

2.1 Conv~rt double- duct, multizone or terminal reheat systems to 

variable volume constant temperature system~. 

2.2 _Control perimeter heating by outside air master control 

2.3 Use only water sprays for humidification 

2.4 ~liminate heating in interior zones. 
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B ENSURE SYSTEM OPERATION AT OR NEAR OPTLMUM 
EFFICIENCY WITH REDUCED. BUILDING LOADS 

.· 2. 5 Use multiple refrigeratibn machine systems with .auxiliaries 

(pumps and cooling tower) which operate (and shut down) as 

the load decreases. 

2.6 Cycle at full load and' stop and start manually. 

2. 7 · Use·speed control on pumps and supply fans whenever possible 

on varying demands. 

2.8 Monitor and if necessary relocate sensing points of capacity 

control .systeip. 

2.9 

c 

2.10 

2.11 

2.12 

2.13 

Reset Sl1pply air temperatures.under· part load conditions. 

COOL WITH OUTSIDE AIR WHEN POSSIBLE AND DON'T WASTE ENERGY 
ON UNNECESSARY LARGE VOLUMES OF OUTSIDE AIR 

Use outside air, return air and relief damper (Economiser Cycle). 

Use spray coils or air washers for evaporative cooling. 

Reduce quantity of outside air to zero or minimum during 

'before and.after' hour periods, and when on cooling or 

heating cycle. 

Use outside air for pre-cooling building at night whenever 

possible to reduce maximum demand. 

D . SELECT EQUIPMENT FOR EFFICIENT OPERATION INSTEAD 
OF ONLY FIRST COSTS 

2_. 14 Use· life cycle costing - capital, energy and maintenance 

costs in selecting equipment. 

2 .15 Modify ducting· system for lowest practical static pressm;e 

to reduce fan kW. 

2.16 Select pipitig, auxiliaries and heat exchangers for lowest 

practical pressure loss to reduce. punip kW. 

2.17 _Select heat exchange surfaces (condensers, evaporators, 

c;:qoling. coils) for lowest kW. 
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E 

2.18 

2.19 

INTRODUCE EQUIPMENT TO REDUCE USAGE OF 'NEW ENERGY' 

Use aii purifying systems instead of outsid~ air. 

Use heat reclaim devices (double circuit condensers) on air 

water systems. 

2.20 Use air heat recovery systems. 

2.21 Use 2 stage evaporative cooling systems in dry climate. instead 

of refrigeration. 

2.22 Use 'Heat' and 'Cold' storage - (water, rocks) on daily or 

seasonal cycle whenever practical. 

3. MODIFY AND IMPROVE HOT WATER SYSTEM 

A - USE MORE EFFICIENT SYSTEM 

3.1 Reduce heat losses - improve insulation. 

3.2 Use efficient heat exchanger. 

3. 3 Run at lowest possible temperature. 

3.4 Use cheapest possible fuel. 

3.5 Reduce heating losses during periods of 'low' or 'no' demand. 

B OPERATE EFFICIENTLY 

· 3. 6 Monitor controls and operat.e at lowest possible temperatures. 

3.7 Reduce consumption through leaking taps. 

4. ENSURE EFFICIENT QPERATION AND MAINTEN~CE 
OF SERVICE SYSTEMS 

A ENFORCE ENERGY CONSERVATION 

4. l' Prepare Energy Consumptio~1 budget. 

4. 2 Install kWh and Hour Meters. 

4.3 Reconcile Electricity accounts with budget . 
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.B' -· 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

·ENSURE EFFECTIVE .BUILDING SERVICES 
OPERATION AND MAINTENANCE 

Appoint Manager of Engineering Services. 

Appoint Building Technicians, Operators and Servic~men. 

Provide Job Aids and Training Programme. 

·Record and Log Equipment and System Perfor_mance daily. 

Analyse logged data and correct deviations. 

Implement preventive maintenance programme. 

Employ Specialist Equipment Service and Maintenance.Contractor. 

Implement reporting system for system malfunctioning and 

corrective repairs. 

C UPDATE OPERATING AND MAINTENANCE DOCUMENTATION 

4.12 Provide ~e~hnical Schematics and Systems Geqgraphy in the building. 

4.13 Update Systems and Equipment stopping, starting and Emergency 

Operating Instructions~ 

4.14 Provide Equipment Logging and Inspection In~truttions and re

porting system. 

4.15 

4.16 

'5. 

A 

5.1 

5.2 

5.3 

Provide System Malfunctioning Diagnosis Sheets. 

Provide System Description and Trouble Shooting Guides. 

MODIFY AND IMPROVE THE BUILDING 

REDUCE COOLING AND HEATING LOSSES THROUGH 
THE FACADE OF BUILDING 

Reduce Glass area. 

Install Double Glazin~, Improve shading and. Insulate facad,e. 

Make facade air tight. 

1 (' ') ... 



B IMPROVE BUILDING HOUSE KEEPING 

5.4 Close cortains and blinds every night when cl~aning building. 

5.5 Instruct tenants in proper usage of shading devices and monitor 

their use. 

5.6 

5.7 

5.8 

5.9 

5.10 

5 .11 

Close doors (or is~all ~elf-closing devices) 

Close windows. 

Repair air leaks. 

Reduce. amount of lighting used by cleaners, 

Switch off unnecessary lights. 

Tour 'used area' of building on a regular schedule and adjust 

wrong temperature settings. 
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APPENDIX B 

COMPARISON IN EFFICIENCY BETWEEN FLUORESCENT t,UMINAIRES WITH: 

A) PRISMATIC DIFFUSER, AND 

B) LOW BRIGHTNESS SINGLE PARABOLIC ALUMINIUM DIFFUSER 

Low Bright-
Prismatic biffuser ness Reflector 

(1) Coefficient of Utilisation 

(Room Index : 1,5 

Reflectances : Ceiling- 70% 0,44 0,52 

Walls - 50% 

Floor - 10%) 

(2) Maintenance Factor 0,84 0,94 

(3) Overall Efficiency 

(= (1) 'X (2)) 0,37 0,49 

Increased efficiency 32% 
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APPENDIX C 

LIGHTING CONTROL SYSTEMS 

SYSTEM 1 - LOCAL AND GENERAL CONTROL USING RELAYS 

This system is suitable.for both cellular and open plan offices. 

It can be readily adapted as the space is rearranged, and-can be 

easily .altered as partitions are moved and switching requirements 

changed_. 

The office floor is divided into a number of modules of 

approximately 2-3 square metres in area. Two relays are installed 

in each module, as usually each module can accept a light fitting. 

One relay is for control of the light fitting and the other will 

be controlled by the local switch. , 

All the relays are interconnected via a grid of switching control 

wires, which in turn pass through two "on-off" switches per module .. 

Once the switching_arrangement has been selected, the two "on-off" 

switches of each module ~re set, and the relay controlling the 

local switch to be used is "primed" by insertion of a coil across 

the' terminals. The local swit~h designated will thus coritrol the 

number of modules comprising the area to be switched. 

To change the switching arrangement the "on-o{f" switches are simply 

re-set and the local switch relays adjusted accordingly. 

This type of system is generally expensive to install. A-wiring 

network has to be installed throughout the space and the relays and 

switches have to be added. 



SYSTEM 2 · PR09RAMME CONTROL 

The programme control system is used mainly to reduce energy 

consumption by reducing the lighting level through the use of 

automatic dimmers. 

Each floor is divided i~td several zones, .e~ch zone being contro1led 

by a dimmer. At predetermined times the artificial lighting is 

changed to suit the usage of the space. Thus, at, say, lunchtime, 

the lighting level would be reduced to 40%. 

Overriding facilities have to be provided in case the natural 

lighting is insufficient. This type of system is usually expensive 

to install ai:id cannot be easily.adapted to changes in the use of 

the space. 

SYSTEM 3 PHOTOELECTRIC CONTROL 

The area is divided up into individual zones. Each zone has a sensor 
' ' 

mounted on the ceiling which measures the combined reflected artificial 

light and natural light. This lighting level is compared to a preset 

level by a controller unit, which then causes the level of the 

artificial lighting to.be adjusted via a dimmer. 

This is shown diagrammatically in Figure C .1 overleaf. 

,. 
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P-reset 
required 

I ighting 

FIG C.l 

Time clock 

CONTROLLER 1---------'--~ DIMMER 

sens:> r light 

day- i 
I ight ~ 

L 
desk 

Photoelectric Lighting Control 

This. system is particularly useful in areas where a large quanti-ty 

6f daylight exists. 

It can also be combined with a central programmer which wUl 

operate the system automatically along, for example, the following 

.lines: · 

08h30 

l 7h30. 

17h45 

switch on system (working days only) 

fade system to ± 20%output 

switch off all lights 

allo~ corridor lights to be 2-way locally switched 

Should staff wish to work late, they can override the system and 

this can also be monitored by the security staff. 
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SYSTEM 4 - ELECTRONIC GROUP CONTROL 

This system comprises a m1mber of electronic "slave" modules that 

each control the lights in particular sections of the buildings. 

The size of these sections depends upon the complexity of the 

control required. The system can be built up to provide any lighting 

control facility, suc·h as dimming, master control and automatic 

switching, by selection of the appropriate modules. 

This system is best suited to large single tenancy offices or 

buildings, where the initial installation and its control can be 

planned around the user's requirements, The advantage of this system 

is that energy consumption will be kept to a minimum. However, 

alterations to the lighting system may require adjustments to be made 

to the slave modules and changes to the mains wiring. 
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APPENDIX D 

COST.EFFECTIVENESS OF INSTALLING LOCAL SWITCHES TO 

INTERMITTENTLY OCCUPIED AREAS 

In the reference building the estimated pay back period of installing. 

local switches was approximately 22 months, based upon the following 

calculation : 

Area of floor to be locally switched 210m2 

No. of local switches required 6 

Estimated cost of installation :R 300,00 

Est::imated reduction in energy 
consumption 40% 

Payback period (@ l ·, 6c/kWh) Rl,40 

(25%) 

2 
(1 per 35m ) 

2 (Rl,40/m ) 

2 . 
(48 kWh/m /per artnum) 

= 22 months 
48 x R0,016 

In addition to the above direct saving in lighting energy, there may 

als0 be a -reduction in air conditioning power and in the Tl'.aximum 

demand. 
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APPENDIX E 

COST EFFECTIVENESS OF SWITCHING OFF LIGHTS AT· MIDDAY 

ANNUAL SAVING ON MODEL BUILDING . . 

a} Percentage of lights switched off· 80% 

b) Duration 45 ruins. 

c) Days per annum 260 days 

d) Floor 830 2 
are.a m 

e) Lighting load 40 W/m 2 . 

Energy· saving a) x b) x c) x d)x e)=.5100 kWh/floor/annum 

@ R0,0166/kWh = R85/floor/annum 

Cost of modification: 

Time clock R60. 

Alterations 50 

Labour 32 

Rl42 

Pay back period Rl42 20 months. 
85 
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APPENDIX F 

EFFECT OF SWITCHING ON LAMP LIFE FOR . 

FLUORESCENT LAMPS 

<iJ 
4-1 
•H 
H 

Q) 
bl) 
ell 

200 H 
Q) 

:> 
ell 

"Cl 
Q) - -.w 
ell 
H 

4-1 
0 

Q) 
bl) 
ell 
.w 
~ 100 Q) 
tJ. 
H 
Q) 

P-< 

o· 1 2 24h 

The effect of switching on lamp life 
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APPENDIX G 

SAMPLE FILLED-IN ENERGY SURVEY QUESTIONNAIRE 

UNIVERSITY OF CAPE TOWN ENERGY RESEARCH INSTITUTE Date: Sept. 1977 

ENERGY CONSERVATION IN LARGE BUILDINGS -·STEPHEN CARLIN 

ENERGY SURVEY QUESTIONNAIRE. 

For any further information please telephone Stephen Carlin 43 7281 

PART A - .AREA AND ELECTRICAL LOAD. 

1. AREA 

No. of Gross Area 
Floors per floor 

(m2) 

1.1 Tower - lettable 
area · .. Z?.... ll?J .... 

1.2 Podium -Offices 

1.3 Podium -Shops 

1. 4 Podium-Other 
Use (Please 
specify) 

1. 5 Basement -
parking 

1. 6 Basement -
Other use 
(Please specif:0 

1. 7 Machine Rooms 

1. 8 Other(Please 
specify) 

......... 

. . . . ~- .... . · ...... . 

. . ........ 
.... f ... 

........ 

, TOTAL AREA 

-113-

Gross 2 Area (m ) 

.1-99.~ ... 

n?~9 ... 

19~~ .... 

48.092 

Lettable Area 
per Floor(m2) 

. ... 97'f •.••• 



2. ELECTRICAL LOAD 

2.1 Installed Transformers .~Q9P; ... kVA 

2.2 Tariff :0 
D 
D 
~ 

Large User Rate (Rate No. 4) 

H. V. Large User Hate (Rate No. 5) 

General Rate (Rat~ No. 2) 

Other (Please Specify) H.V General (RateNo. 

2.3 Consumption Units 
x 1000 

kVA 

June 

July 

August 

September 

October 

November 

December· 

Janµary 

February 

March 

April 

May 

June 

July 
August 

September 

~? ~ .. 
qQ!) •. 

~~? .. 
65 7 .. 

~.~.s .. 
q~ f .. 
q (?'? •. 
5 6 ~ .. 

~~~ .. 
6 i 8 .. 

5 ~~'. 

?. ?fa~. 

Winter Max Demand: ·2",8 MVA 

1975/76 

Buildini Beifig Converted to Rate No. ·5 
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ENERGY SURVEY QUESTIONNAIRE. 

PART B - BUILDING DETAILS. 

This form should be completed for each of the areas listed in 

items 1.1 to 1.8 . .in Part A, where relevant. 

1. DESJGNATION OF AREA 

Tower · .. · . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . 
• • • • • • • • • • . • • • • • • • • • • • • • • • • • • • . • • • • • • ~ • • • • ~ • • • • • • • • • • • • • "! • • • 

2. OPERATING HOURS FOR .AIR CONDITIONING PLANTS 

Weekdays Start . 7 • a. .. Ill • Stop • /j .. p • m .. 

Saturday Start 7 a.m. Stop 12.30 p.m. . . . . . . . . ........ 
Sunday •. Start . . . . . . . . Stop . ....... 

3. OPENING WINDOWS / NON-OPENING WINDOWS 

... No n;-.a.p e ni.ng . · ....................... · ..... · ............. . 

. . . . . . . . . . . . . . . . . . . . . . . . .. • . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . 
4. TYPE Of ·SHADING DEVICL 

(Venetian blind, Vertical Shades etc.) 

... 4 0? . .F.~ t ei.na 1 . .C.a.i:o er .. Ov er.haug .................... . 

. . ... . . . . . . . . . . . . . . . · ..................................... . 
5. SWITCHING OF LIGHTS 

(Bank, Individual) 

... U? n.k. . -: . A .. z o u e.s •. -: . ti . .B.a u ks./.Z o n.e .. '16 . .S.w it c.he s) ... 

. . . . . . . . . •.• ............................. · ................ . 
6. · FOR'.'! OF HEATI~G 

(Elettric, -Oil, Gas, etc.) 

, .. ~ i ~ .s.e. ~ .. .CR.~ Z 2 .3.,.Q Q f il.l\ll tJlJl) ...•.••.....•......••....• 

. . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • . . . . . . . . . . .. . . . . . . . . 
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ENERGY SURVEY QUESTIONNAIRE 

PART C BUILDING DETAILS AND EQUIPMENT LOADS. 

This form- shbuld be com~leted for each of the areas listed .in 
items 1.1 to 1.8 in Part A, where relevant. 

1. DESIGNATION OF AREA - -
Tower. -----------------------------------------------

2. IS ROOF INSULATED ? Conc_rete Air Gap 
--------~-------------------~-------------~----

3. FACADE AREA (GROSS EXTERNAL) 2 _lD.2Ji..U_llL _________________________ _ 

4. %AGE GLASS AREA IN FACADE . 47% 
-~---------------------------------------

5. TYPE OF GLASS Clear Laminated 

6. ORIENTATION OF FACADE · --~~-----%N -25 %E 25 %W 25 %S 

7. FRESH AIR SUPPLY QUANTITY TO LETTABLE AREA : . .§_Q_._Q.Q.Q __ C_tt:! ___ 3_C2.:..Q.9_0 __ l}!J /hr 

9. ,,/ 
ECONOMISER.CYCLE ._ ------------------

-11.6-

YES 
t\O 



10. HUMIDIFICATION 
--------------------~--

/' 
~ YES 

---~----------- NO 

11 • TYPE OF HUNIDlFICATION ----~.Q_!'_?._y__g,g_i_l _______________________ _ 

12 .. TOTAL INSTALLED,LETTABLE AREA 

ELECTRIC LIGHTING LOAD· : __ 2 .. ~1-~X------------------------

13. ILLUMINATION LEVELS FOR LIG.HT 

14. 

15· 

16· 

17· 

18· 

COLOURED FINISHES, : _____ j_O_Q._];,~_x ____ J_J __ !J.I?.P_ELI._.fJ_o_Q.:t:.s_...l..50 Lux 

NO. OF LAMPS PER FITTI.NG (LETTABLE AREA) 

NO. OF FITTINGS (TOTAL) (LETTABLE AREA) 

WATTS PER LA.MP 40 W U-Tube 

1 ,.... 15: 2 

16 - 28: 3 

---------~-~-----------------~------------------

ESTIMATED BURNING HOURS PER WEEK 60 

TOTAL ESTIMATED LETTABLE AREA 
SMALL POWER AND EQUIPMENT ELE.CTRICAL LOAD --~YJJ!?...2_ __________ _ 

19. TOTAL ESTIMATED HOT WATER CYLINDER 

ELECTRICAL LOAD : -----------------------§~-.!:.~----------------

20. TOTAL A.C. SUPPLY AND RETURN AIR FAN kW 
SERVING LETTABLE AREA : 300 kW 

-----------------------------------~---

21. .TOTAL A.C. CHILLER kW SERVING LETTABLE AREA 2 x 500 kW 

22· TOTAL A.C. SPRAY PUMPS kW SERVIN~ 
LETTABLE AREA 6 x 3~ kW 



23 . TOTAL A. C. CHILLED WATER PillIPS kW 
SERVING LETTABLE AREA : 2 x SO kW 

· 24 · TOTAL A.C. CONDENSER WATER PUNPS kU 
SERVING LETTABLE AREA : 2 x 75 kW 

--------------~-----------------~------

25 · TOTAL A.C. / HEATING CAPACITY LETTABLE AREA 1200 kW 

26 · TOTAL ELECTRIC LOAD - SERVICE / PASSAGE / TOILET . 
AREAS : . · kW ----------------~..,:6. __ . ________________________________ _ 

27 • TOTAL VENTILATION FANS kW : __ 2.5_ .... ~_\.l_ ___________________________ _ 

28· TOTAL 'LIFT kW ____ ..6.._&Q~--------~------------------------------~ 

29· TOTAL AUXILIARY PUMPS kW . 

30· PEOPLE DENSITY·: 14 7 3 . 

Fire 

Water 

125 kW 

100 kW 

---------~--------~----------------------------

31· TEMPERATURE - SUMMER OUTSIDE 

SUHMER INSIDE 22°c 
-------~-------------------------

WINTER OUTSIDE 

WINTER INSIDE 20°C 
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