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ABSTRACT

An {nvestigation was carried out on & pharmaceutical factory which
is still in the counatruction stage to quantify all the sources of
energy usage. The major energy consumars were investigated and
comparisons carvied out with internatiousl standards to sgee If
improvements are raquired.

The Performance Indicator of the building was determinad ae
1,666 {‘.J/mz per operating yeer by simulating energy consumption.

A corrvelation between smblent dry buld and bellding cooling
elactrical demand were established.

4 wmonitoring and targeting ingtrumentation schedule was proposed
after defining a targeting philosophy.

The proposed building services ware analysed snd possible energy
cogt ssving investments were identified and analysed by different
costing models to see the effuct of the costing model on the type of
proposal.

The two proposals which showed financial viability are firstly, the
removal of dehumidifier heat with evaporation which showed an
electrical energy saving of 965,76 MJ p.a. and a payback peried of
2,9 years and secondly, tha inatallation of high efficlency lights
which showed a electrical energy saviag of 76 MJ p.a. and a payback
period of 0,62 years.
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CHAPTER 1

INTRODUCTION

A congidarable amount of time is spent throughout the Western World
on minimising the consumption of emergy. This tendency started
during tha OPEC cartel price f£ixing of the wmid-seventies and
continued wich more or less vigour as the oil price fluctuated. The
art of managing energy turned into an autonomous field of activity
and is now known as knergy Management.

The main aim of energy management is not to minimize the consumption
of energy, but the minimization or optimization of expenditure on
energy. This anomaly can be illustrated by the rules of buying
energy i.e. tariffs. In South Africa electrical energy is generally
paid for in terms of a maximum demand measured over a period of ome
month, six months or even one year, plus the cost of units of energy
congumed generally on a monthly basis. In Great Britain, for
instance, some electrical tariffs are based molely on uunlts of
energy consumed. An anomaly therefore exists with the present
structure that payment 18 not effected for the use of non-renewable
energy. Lt 1s evident that the aim of energy wmanagement is to
optimise energy costs per unit of productiom. .
The above then implies that the Energy Manager should exploit the
various msthods of paying less money for eme.gv, firstly by studying
the tariff str\'.lcmres open to him, secondly i, congerving energy,
thirdly by recovering waste energy and fourtl.y by relaxing process
and comfort eavironmental conditions to consume lass energy.

In South Africa due to the very low cost of coal, the unofficlal
condonement of the use of coal {very low kay official u+tion against
environmental pollution) and the availability of coal as an
indigenous energy resource has made most energy consuters pay only
1lip eervice to energy conservatlion, energy recovery, and where it
doss not affect production costs, energy managements. On the other
hand effleiently run organlzations have spent a lot of time, effort
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.and money to minimize enerzy costs to keep their competitive edge in

the market place. However, the cost of primsry emergy is still so
low that energy reclaim is only applied whenever a great abundance
of energy in the right form is availabla.

Due to the ateady and regular lucrease of the cost of energy, even
the cheap energy sources Llike coal, a greater awareness of energy
conservatjon, optimization of emergy costs and energy reclamation 4s
starting to occur im South Africa. In the nineteen seventies and
early eighties, with the economic boom, very little time and effort
was spent on anything but producing enough. Today wany plant
operators are taking a hard look at every avenue availeble of
winimizing production costs. The present economic climate and the
creeping costs of enerty is forcing everybody to take a hard losk at
opportunities to cut costs. In future years the tendency will
eacalate because zonservation must become way of life. 1%hig g a
logical comclusion if the limited reserves of coal, the prohibitive
cost of nuclear power, the limited reserves of oll which hag I .
discovered and the capitel limitations of South Afrieca to
further thermal power stations is considered.

As South Africa ewmerges from being a third world nation and nore
technical people become avallable to operate the technologleaily
more  intricate plants the reliabllity and therefore the
acceptability of thne mc cowplex plants will improve and become
more commonplace. This t. .hnology is available either from overseas
or from specialised South African instibutions like the Chamber of
Yines Research Laboratories, the CSIR or {in lhouse research
facilities. The concept 1s not foreign to South 2frics, but the
combination of history and imertia to change has %k many a good
proposal.

When the opportunity arose to design a pharmates.+:2l plant for

Messre Reckitt and Colman in Durbam all indicatiecny wace that this

plant will be a large emergy consumer. Speci:''ed buildings,
environmental vrequirements, electtical requirets..s and process
requirements made the integratfon and optimiiatizm of enérgy
congemption an interesting proposal.
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In the design brief a definmite upper limit of money avallable was
imposed on the project and the whole design team had to keep this
objective in mind. 'This monetary restraiut made the ultimate in
dasign out of the question and, within the acope of the
ingtallation, energy management sowetimes had to td.e secondary
imporctance.

The aim of this report is to analyse the present installation and

gee to which norms the air conditioning design complies with. The
design will be analysed on the following aspects @

Building process

Manufacturing process
" Environmental requirements
N Air conditioning installation

In order to do this the following steps sre desiresble. Estimate

energy consumption of the bullding services on a monthly basis,
i identify and quantify the users of energy and complle an energy
perfermance indicator.

Opportunities where emergy could be saved should be identified and
L quantified to see the amount of energy that could be saved on a
yearly basia.

Opportunities 6 save money on energy consumption and energy
consumption patterns should be iuvestigated by defining the
electrical costing atructure: Then, by applying diffurent financial

- costing models to determine which of the energy saving proposals are
: cost beneficial the telative advantage of sach of the proposals may
be determined.

A wmonltoring and targeting schedule of instruments and plan of
action should be drawn up to be able to institute a positive energy
consumption feedback and targeting management asystein.
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BULLDING REQUIREMENTS L . :
BYILDING SNVELOPE ’ 4
The bullding envelope has a decisive iInfluence on air
éonditioning cooling and  heating ca}:acitianz> and
tharefore on piant eize i.e. capital costs and running costs.
No South African national divective oxists on acceptable N
on ds dox naservation of energy. The f
information available ox construction standards are the i
National Building Ragulattnnsa) whick cover the aspect of
structural strength for public safety, ventilation openings
for occupant health, sewer standards for hyglene etc, but no 2
Ansulation values or conmstruction standards for energy .
conservation. : .
Typical standards used in this country for the design of an \‘
office building are as follows : o
Windows 20% of facade area good
40% of facade area average '
0,3 shading coefficient good |
0,8 shading coefficient average
dalle U value 1,8 W/ % gocd
¥ valve 2,8 Wal % average ‘
Roof U value 0,7 Wil % good A
U value 1,5 W/a® % average
The above 1s not really applicable to factories, bicause ‘
process requirements do have an influence in the design of [
fenegtration for a factory and even the Factories' aee®)
: mgkes provision for a windowless factory 1f a process '
! i demande no daylight, although for normal factories the «
oo window area must be equal to 153% of the floor area. This »
"}/ i value 4s a standard requirement. !
o L
|
i
R
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The leading acceptable practice for comstruction of
bulldings s the ASHRAE STANDARD 90-) Although other

codes are alse Iin existenssn 078

this code of practice
was drawvn up after the oil price increases of 1973, The
first recommendatlions were published in 1977 with updates
£111 1984, Being a United States of America standard it is
not altogether applicable to South African conditions, but
it sives a good indlcation of whet is an acceptable
standard. A comparison of how our building envelope
compares to this standard gives a good indication of how
this building compares to American buildings. The standard
mekas use of a degree day e:hadg) to determine insulation

values.

According to the ASHRAE Standard the building must comply
with the following values

Walls U value = 2,2 Wit %
Roof U value ~ 0,57 wia® %

The actual values for the building considered in this report
are as follows

walls U velue = 1,5 %t %
Roof U value ~ 0,6 Win® %
Window to facade ratio = 7%

These values compare well with, and on walls exceed, the
ASHRAE Standard 90 prescribed velues. From a thermal point
of view the building envelope can be congidered to be in the
South African state of the art category.

The differenca between American and South African valuee can
be attributed to the South African climate, because oversess
building iasulation has evolved from the heating of
buildings and aot from the cooling of buildings. Due to our
ghort winters heating has never been a cost factor to the
extent experienced in the United States of America and
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therefore has not influenced building designs to the extent
that it has in America and Europe.

MANUFACTURING PROCESSES

The production facility has been platned to manufacture the
following products:

Gaviscon powder in sachets

Gavison tablets in bottles or sachets
Gaviscon liquid in bottles or tubes
Fybogel powder in sachets

Fybogel tablats in bottles

Disprin tablets in bottles or sachets
Disprin X tablets in bottles

Codis tablets in bottles

Senokot tablets im bottles

The above products all comaist of a chemlcally active
ingredient stabilized or tabletised with large quantitiss of
inert material, sweetener or preservative. The chemically
active ingredient in Disprin is Acetylsalieylic Acid For
example. Thege ingredients are made In laboratories under
gspacial conditions and arrive at the factory pre-packed,
tested and lot  numbeted. Although this 4s  the
h logleally active 1 di the on factlity

receives these material as a final product to be further
processed fur human consumption.

The reesons why these two processes are separated is firstly
to prevent any contamination f£rom one facility te the
other. Secondly the active ingredient is a suwall portion of
the finished product and therefore the quantities required
for a production run can be produced under laboratory
conditione. Thirdly, quality assurance before dispatch is
mich more easily countrolled, because no uncontrolled
movement of material is possible. Of secondary importance
is the completely different type of manufacturing processes
Dbetween fina chemistry and tablet production.

w e e - . e
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The additives to the chemically active ingredients are

b loglcally fnert or presarving substances

to ensure chemical stability of the active ingredient. Some
of the substances are used to flavour the product. The bulk
of the material handled is starch., saccharine, chalk, citric
acid and calcium carbonate, and the only requirement of
these ingredients s that it reaches the production facility
without contamlnation, and at an acceptable level of purity
£or human congumption.

The production facllity has been designed to produce powders
in one area, liquids in another area and Senokot in a
completely geperated arvea. The isolation of Senokot is
necessary, because geuna powder 1s yellow and a natural
laxative and contamination of other product lines can be a

serfous problem.

The production facility is also designed to operate om a
bateh production principle. The batching of production is
necessary and each tablet, sachet or tube must be traceable
to irgredient batch mwumbers according to the inspection
authority of the Department of Health. This requirement
first of all requires a very intricate and thor.ugh system
of production tagging, checking and inspection, but it also
implies that many inspectlion stations must be operated in
the production line te carry out the necessary inspections.

Due to the abeve, the whole production facility has been
designed around bins, hoppers, buckets and pallets which
implies substantial intemql transport by forklift, machine
and human power. The advantage of this system 1is
flexibility fn the production of differant types of products

or on mixes or d

The £irgt major operation is the weighing and homogenation
of ingredients. This is ecarried out by dispensing big
volumes of inert material in tote bins, sieving the material
to ensure homogenity and them restoring it to a tote bin for

-« i o an el i
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processing. Tho imert and chemically active material are
still in separate tote bins after dispensing, the first
sieving operation being only to establish homogenity.

into different
type of production processes, mainly due to different

The Ling then

environmental requirements of the various products. The
general. sequence of production L5 then to blend the
ingredients, mix thoroughly with a high energy mixer, add
binding agent, tabletize and finally pack either in bottles
or seal in foil. .

PROCESS REQUIREMENTS

The different production lines have very distinet
environmental requirements for each line, as well as for

some processes of each line.

The most 4important environmental vequirem s all
processes 1s that no contamination occurs . vient
condizions. This requirement i3 met by filtefing all
ambient air (i.e. f£resh alr) and return eir from the
production facilities through filters with the required
arrestancs and dustholding capacity. Generally thesa filter
banks consist of pre-filters, medium class bag Eilters amd
then high efficlency particulate air (HEPA) filters. The
aim is to filter to 5 microm particle slze. The pre-filters
and bag filters ave to protect the HEPA filters, because
HEPA filter, although an excallent arresting wmedium, has a
very poor dusthelding capacity.

The building is also overpressurised to allow leakage out of
the building, but not imto the building. If amy of the
processes were toxic the pressure differenmtial would have
been reversed to allow the inflow of alrs The
over-pregssurisation is for the pravention of the inflow of
contamineted air.

- e whb e & . "~ e
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Another genersl environmental requirement is scontrol of the
air veloeity in areas where the powders are exposed to
amblent counditions. The powder, whether in component form
or final product form before tableting, is extremely fine
and very light, and the product particles become airborne at
extremely low air velocities. The contamlnation of this
powder with other products is one serious problem; the
deposits of powder on walls, rceilings and wachinery is
another problem and the ingestion of sirborne product by the
uperators 1s one of the more serious problems im a plant of
this nature. Dust supressiom, closed » wder storage and
transfar and dust extraction are major portions of the
production equipment. Where powder is dispemsed in open
hoppers extreme care 45 taken to. have tha correct air
velocity acrnss  the  hopper  wouth  otherwise the
abovementioned problems may impair production or the health
of tha production workers.

The main production line of this facility is for the
production of Disprin. Disprin is an effervascent tablet
which when dropped into water emits carbon dioxide. For the
production of Disprin it must be kept in an area with low
relative humidity from the moment the calelum carbonate is
dehydrated. The atandard has been get at 207 velative
humidity because it has been found that Disprin packed in
£oll ubsorbs water through the foil at a fixed rstem).
If the tablet 1 started off at a relative humidity of 20%
the shelf life of the tablet is approximately two years, If
the tablet is started off at a higher relative humidity the
shelf life reduces linearly. A shelf life of two years was
determined as belng acceptable, because lesser peziods may
require periodic re~calling of old stock of Disprin in folls

The liquids and olntments production usrea requires no
special environmental conditions and are therefore treated
only to ensuyre human comfort.

el
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The Senokot area, being separated from the other lines
because of contamination requirvements, alse requires no
special environmental conditions except for the treatment of
exhaust air from this area to minimise contamination
probabilities. The environmental conditions are designed to
satisfy human comfort conditiouns.

The total plant requirements ave low relative humidity in
certain areas and for the rest thera are no process
requirements; but human comfort is required for optimal

working conditions.

vy o P O T I T . . N 7
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GJAPTER 3

AIR CONDITIONING INSTALLATION

The function of the alr conditioning installation is to provide the

process environmental raquirements ad stated in the previous chapter

as well as providing acceptable thermal working conditions where

production people are working.

3.1

THERMAL CONSIDERATIONS

The process requirements were specified as 20 + 5% relative
huaidity and 20 + 1 °C dxy bulb space temperature in the
low rvelative humidity area, and nn special requirements
except humsn comfort in any other area.

Tha abova design values were used to determine the cooling
and heating plant capacities for the process areas where ao
fluctuation of ambient temperatures outside the control
tolerance were to be allowed. Where no spacial procass
takes place, ambient conditions wmust satisfy only human
comfort and legal requirements and are taken iato
consideration as determined below.

Human comfort and human performauee“) depends om the
independent variables of clothing level, metabolic rate, alr

velocity, radlant and air re. In the
factory the clothing level 1s rigidly fixed for external
clothing du¢ to hygene fequirements. Each operator has to
wear a full cover overall, shos protectors, gloves and a
cap, In summer couditions with no other clothes than those
gpécified above the clothing level has a minimum value of
0,66 clo. The metabolic rate for the type of work done in
the factory is approximately equivalent to 2 mets. (Medium
activity), The air velocity Ls kept as low as possible 1,e,
below 0,15 w/s to minimize dust entrainment, To nullify
radlant evergy it is assumed that the wall temperature will

- e e v e b dete b oaes e Rt g il S
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be identical te the room temperature which is a pood
approximation for this building. From the above parameters
the optimium operative temperature will be 20 °C and the
maximum acceptable operative temperature will be
26 °cu)- This value may be compared te the old
Factories' Act Regulation of the maximum permissible indoor
temperature of 27 °C Effective Temperature when 80% of the
workers would complain if this maximum Indoor effective
temperature of 27 °C were maintaineds

The cholce of which design value to use is usually left to
the designer. The Factories' Act Regulation specified
indoor tempsrature is only applicable under normal amblent
conditions. This implies that the regulation can, be
exceeded under abnormal ambient conditions. It }s coumon to
assume an arbitrary desiga criteria of L0%Z, 5% or 2,5%
probability level as a design criteria. The probability
level determines the number of days in a year the design
ambient conditions can be erusudads The design amblent
condition has a direct relationship with plant capaecity and
therefore capital costs. Due to this being a manufacturiang
plant the client selected the 2,5% probebility level as the
design criterton*®.

This criteria theoretically allows 2,5% or 9 days per year
to exceed the deaign temperature. Lf only working days are
considered this £igure reduces to approximately 6,5 days per
year. 1f an annual cloging periad between Qtiristmas and New
Year is comeidered the 6,5 days statistically reduces even
more, because this time of the year is part of the maximum
ambient temperature cycle. Howevar, £{t 4s difficult to
quantify this period of time in a epecific number of daye

per year.

The temperature distribution of a 2,5% probability desiga
day indicates that the design value may be exceeded for a
pertod of only 1,5 hours pex day.

[
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Ambient tempu.- ‘ive, golar theat gain, insulation and
building mass ar e main external parameters having an
effect on cosling icads™™. This bulldtng, with its small
fenestration and excellant building insulation materials for
the bullding envelope, tends to lessen the ambient
temperature effect l.e. to time delay the external heat gain
with a function which is dependent on thermal inertia.
Thermal inertia is primarily a funetion of building mase and
ingulation.

With the above congideration, the total excess of design
temperature pericd may reduce to say 1 hour per day. To
determine the exact time a computer simulation programme
taking all relevant parameters in consideration must be
used. A number of these programmes axistls), but have
seldom been used in South Africa because of the wmassive
amount of input that wust be processed to arrive at a
meaningful answer.

During the six hours per year the design temperature may be
exceedad the clieant has decided to stop production, or te
curtall production to lessen heat generation frow production
machines. The above philosophy is what is propvsed in the
new Factorles' Act to be implemented. The proposad act
evaluates comfort with a single value expressed as a Wet
Bulb Globe Temperature Imdex (WBGT) which is a combination
of air temperature, humldity, air movement and radiant heat
as one value. If Lthe reading exceeds certain valves
dapendent on type of work carried out in the building
production ia halted to prevent heat stress

Por comfort considerations the ounly twe valuss under
consideration are thevefore the legal valus of 27 °C
effective tempersture and the optimm 20 °C operative
temperature value: The decision was mada to deliberately
undersize the capacity of the coollng plant to allow
temperature ewifgs to occur between 22 °C dry buls and
27 °C dry belb (cooling mode) and 18 ¢ and 22 %0 dry
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bulb fhesting mode) under -the various outdoor c¢limatic
conditiong.

Optimum plant capacity was determined by progressively
changing ambient temperatures between the 2,5% probabllity
aud 10% probability level and then simulating the cooling
load capacity of the bullding., The difference between 2,5%
probability and 5% probability on ambient air conditions had
a 10% influence on total plant cooling capacity, while the
influence between the 5% and 10% probability levels had a 2%
effect on plant capacity. Amblent temperatures lower than
the 10% probability level influenced the plant capacity even
less and design values of just below the 10%Z probability
level were used &s an optimum value. A total saving of
approximately 11,2% in plant capacity were effectad by
deliberately  relaxing  design  amblent  conditioas.
Uafortunately plant cost is not directly linmear with plant
capacity and a capital cost saving of spproximately 6% were

envisaged.

ACCEPTABLE INDOOR AIR QUALITY

Another very important function of the air conditioning
installation is to provide enough fresh air to veplenish air
that leaks out of the building or is consumed by the
process. This air {s also used to overpressure the building
and to ensure an acceptable indoor air quality.

adr quality 1s dependent on human odour, building mrterials
emitting gasses and process contamination. The method to
combat unacceptabla indoor alr quality 1s o latroduce
elther the correct amount of fresh eir into the air
conditioned area or to cleanse the existing alr in the alr
conditicned areas.

The inttoduction of Eresh air inko an alr conditioned avea
is a well~knowa method to control uir quality.  Because of

the low rvelative humidity vequirements in some areas the

" . b e e e e K



3-~5

uncontrolled Lntroduction of fresh alr is a costly process.
To dehumidify 10 000 malh of ambient air from 83% relative
humtdity to 20% relative humidity requires s dehumidifier
costing approximately R50 "0 in January 1984.

Air conditioning plant capacity is also dependent ou cooling
coil euntering conditions. air flowing to the coil is made
up of return air and fresh air and under design conditions
the enthalphy of the fresh alr is wmuch higher than that of
the return air”). Tharafore, to minimise plant capacity
it is very important to limit the fresh air quantity to the
abgolute minimum acceptable levels.

When the enthalpy of the outside amblent air is more
beneflcdal than the return air which will be used as supply
air to the cooling coil, a method of saving rumning costs is
to use the "free cooling” concevt of Eresh alr insgead of
cooling return air. This will be discussed at a later stage.
Local gas cleaning devices were conaidered to cut down on
ambient alr as a cleansing medium. Devices avallable are
mechanical  filters, electrostatic  filters, cyclones,
scrubbers and adsorbents.’ Cyclomes and scrubbers are
usually too bulky to be effective inside a production area
while elactrostatic filters tend Lo generate undesirable
quantities of ozone. Filters were wused to prevent
contamination, but are not suitabla for removal of odours or
gasses and can therefore not be used instead of introducing
fresh air. Indoor adsorbents are usually for gaseous
contaminants and are ineffective galnst airborne particles,
which din this case %s the major source of dangerous

contaminants .

Determiuation of .optimum fresh alr quantity Ls dependent on
the usage, tha level of contaminants, human odour and indoocr
freshness required, Because thia value 1s a value
determined experimentally ASHRAE standard 62-1981 were

R ot s o T
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cousulted. This indicates a requirement of 5 litres per
seconid per person f£or nun swoking, medium activity workers
in industyial fncilu.i.esw), while the Factories' Ac:h)
regulations require a fresh air supply of 8,3 litres per
second pel‘l person or 1,6 litres per second per m” of floor

area.

The criterion laid down by the Regulations of the Factoriss'
Act were the ouly legally enforceable standard in South
Afrfca at the time the factory was bullt, and because these
requiremeats are wmore stringent than that of the AVHRAE
standard 62-1981 these walues had to be accepted and were
therefore implemented.

Gonsiderable thought was gpent on the aspect of fresh air
quantity becsuse the effect the ambient alr had on the
capacities of the dehumidifiers. Even now the illegal
downturn of fresh alr quantity is being considered because
of the runniog costs of the dehumidifer. The monitoring of
air quality with  infrared light sensors were
investigated, but were discarded as being too sophisticated
for this type of application. An additional complication
was that this method of gas control 1s not in compliance
with the regulztion of the Facteries' Act.

ALR GONDITIONING INSTALLATYON~GENERAL

An initisl decieion was made to separate each low humidity
production area Inte its own self coutained autonomous plant
installation. Thie decision had the advantage of creating
good control ovar running costs because a plant can be
switched off when the production area i not fn uses It
also had the least effesct on production capacity if only one
plant is out of service due to maintenance. Unfortunately,
the capital coats of dehumidifer plent is not .2 lipear
Eunction between cost and alr capaclty, but becomes
prograssively more expensive for low capacity plant. This
lead to a compromise where two plants were combined and
served by one air conditioning inetallation.
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The confort air conditioning is divided into the Packing

Hall area, the Fybogel/Semogel area, the Senokot area, the

Dispensary area and the Grapulation/Liquids area. The

division of the areas im the above plant is done because of

the following reasons :

Packing Hall ¢ This area operates l00Z of the time and
operates longer hours than any of the
other production facilities

Fybogel/Seno~
gel :  This is an independent production area
which will be used intermittently and
can be stopped when not in use.
Senokot ¢ Apart due to contamtnation problems.
n y : 1 on area and will

only be used intermittently.
Cranulstion/
Liquids :  Independent production area which will
be used intermittently.

Cold water is generated in a centrsl chiller plant and
distributed throughout the building with a pump and piping
systen. The chiller 185 a dual cireuit iL.e. a twin
independent refrigeration eircuit machine giving 50%
capacity with one refrigsration cireuit out of commlission.
‘Two steps of capacity unloading per compressor gives a total
of 4 capacity steps each step being 25% of total chiller
cooling capacity. The uumber of capacity steps is
indicative of finme contvol of leaving water Lemperature and
limite huating of compressor capacity.

Two methods of heat rejection exlst, namely, directly to
amblent dir or through an evaporation device (cooling tower)
to ambient air. Ths dry cooler rejents heat to atmosphere
above dry bulb and the danain
temperatures is in excess of dry bulb temperature. The

cooling tower water and rejects heat to
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atmogphere above wet bulb temperature. Because of the
differenne between wet and dAry bulb. temperatures the
cordensing temperatuve for cooling towers ig at least lower
by khe amount of the difference between dry and wet bulb
temperaturea. The result 4s a higher coefficient of
perforiance (G.0.2.)%Y) for a chiller operating with a
cooling tower. The chiller with the cooling tower therefore
uses less emergy, to produc? the same amount of <ooling,
than an air cooled chiller.

The disadvantage of a cooling tower is the malatenance
required, the cost of the chemicals for the water treatment
instellation and the cost of water. If, as in this case,
the client has cooling tower imstallations in use the choice
is mich iu favour of a cooling tower installation because
the client knows what o expect and what to do to endure
gatigfactory cooling tower performance. The choice
therefore was in favour of a cooling tower instead of an air
cooied condanser. The capital costs favoured the cooling
tower installation as well.

The funetion of the chiller plant is to supply cold watar to
each air handling plant Ffor cooling and dehumldification.
The water temperature enkering the coil has an influence on
running a8 well as capital costs. If the chiller leaving
water temperature 1is high (in the reglon of 8 ° to
10 °C) the €,0.P. of the chiller is higher then when the
water temparature is in the region of 2 °G to 4 °C. '

The C.0.P+ of the chiller is a direct indication of running
costs and with a lower §.0.P. more elactricel enarg}; is
consumed than with a higher C.0.P. Oun capital costa the
lower the water temperature entering the cooling coil tie
less the nuuber of rows required to malntain identical coil
leaving conditions. TIf the coll is manufactured Efrom
copper, as is in thie case, an appreciable amount of money
18 invelved in ghe salection of the optimum chiller water
leaving temperatura. The correct method to determine the

YR 1
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optimumn condition 18 to carry out life cyele costing
exercises, because pump running costs are also involved in
the costing atructure. Coil selections are carried out by
suppliers and computer selections for various water entering
and leaving conditions can be obtained.

The chiller has been specified ss a standard item from a
supplier and no additional energy saving devices were
specified on the chiller refrigeration circuit. Capacity
control is by mesns of compressor cylinder unloading and
switching off of one refrigerant circuit when capacity is
less than 504 of full loads Tntercooling or mulriple
compression stages 1s not usual in this size of cowpressor
and has not been specified.

The air distribution has been designed to be a low pressure
iow velocity system. This design oaved on complexity and
the capital cost of terminal boxesu because enough space
for installation waa available in the ceiling void.

AIR CONDITIONING PACKING HALL

The alr conditioning system deslgnated Packing Hall serves
the Packing Hall, Bin Peed and Dust Extract Area, Stove,
Bervery and Canteen.

The system ia a variable air volume terminal reheat system.
When in the cooling mode the fan supplies the designed
amount of air te each zome. As the cooling requirement
diminish the room undercools if heat is not added to the
gupply air or if the quantity of supply air is not reduced.
The alr quantity reduction continues till the alr quantity
is 33% of the design value. To maintain room temperature
after capacity rveduction the rehzater 18 then switched om.
This is a classical variable eir volume installation saving
on reheating costs hy reducing eupply air vahm‘xez3 .

e il t
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The energy saving device fitted to this uystem is an
enthalpy controller comparing the enthalpy of the return air
with the eathalpy of the amblent supply air. If the amblent
air enthalpy is more sultable than the return air the return
alr i{s exhausted and 100% ambient air is used. A refinement
to this system 1s to cowpars enthalpiea and adjust to the
source with the more advantageous enthalpy and then adjust
dampers to optimise the enthalpy of the air mixture to the
cooling coil. This energy saving eystem Is called an
economy cyele and it engsures that no valuable air is
exhausted {apart from etatutory fresh alr requived) when its
enthalpy is better than the ambient air enthalpy or returned
when entalpy 1s worse then amblent air. The system is
particularly useful during the intermediate deasons of
autuan and spring. Buring these periods amblent air
temperatures are low and can be utilized with considerable
aaergy savings. The waximum energy of waste air still
ocours under design amblent conditious, because the fresh
alr amount must be introduced inte Lhe alr conditioned space
although the maximum design differen~e between fresh air and
return air enthalpy cccurs at thio point.

In classical VAV (Variable Atr Volume) systems tha supply
alr temperature from the coil is kept constant regardless of
ambient temperatures. This is doune to comntrel humidity. It
also lmplies that under heating conditions the alr must be
cooled before being raheated by the terminal reheaters. If
the fine control of humidity %s not that critical it can be
advantageous to adjust the cooling coil outlet conditiona to
vary with amblent Cemperature. By resetting the cooling
coil outlet conditions with amblent air conditions the
implication is that the amount of cooling needed to keep
spate temperature constant varies with amblent conditions.
This statement is partially true, because heat trausmigsion
galns do reduce with lowering of amblent temperature, but
when high internal cooling loads or big solar cooling loads
are present the sitvation i somewhat different. 'The aystem
belng imstalled ie usuwally fully adjustable and after the




!

:oozEﬁmmwsq_
~
P .

<

3 - 12

Y U A |

FIGURE 2




i s G

gL - €

LOWER PLANTROOM




3.5

3-13

plant {s put in oper: ‘on final adjustments to the various
parameters are carried out. This control system is called a
coll reset concrnuat“) and the aim of the system is to
mlnimise reheater emergy consumption under minimum and

i ambient

ALR CONDITIONING FYBOGEL SEROGEL

The air conditioning system serving the Fybogel Senogel area
19 a conatant volume terminal reheat system.

The system 1s fitted with an economy cycle, but due to tha
fact that it is a single zone area it does not require a
coil resel controller because the temperature semsor
controls exactly in the same way as a coll reset
contreller. No humidity control is required.

No energy saving is posaible by umaking the system a variable
volume system.

AIR_CONDITIONING SENOKOT

The air conditioning system serving the Senokot area ia a
congtant volume terminal reheat systea.

The ayetem 18 fitted with an economy cycle and as above has
not been fitted with a coll reset controller.

The systeit 18 & constant volume system for the same reéasons
as the Fybogel/Senogel area. .

AIR CONDITIONING DISPENSARY

The alr coaditioning system serving the Ulspensary is a
variable atr volume terminal reheat system.

Y




3-14

ZONE 1
EYBOGEL _SENOGEL

B

FYBOGEL
SENOGE L

4
|
|
|
|

$
MAN PLANTROOMS &

| H
. .._.@._ _____ p—

GAS DETECTOR

FIGURE 3

AN et




3~ 15

ZONE 2
SENGKOT.

£
A I |
‘%i’g“* o |
; e — e —— —
L i |
¢ |
’. | i -
! i
S l I SENCKOT
e |
i E—
|
: [ wudiuu
; ‘ i
K |
L } {
& -
Lo
§ )
o H
> MAIN  PLANTROOM
Wl
\;\‘i FIGURE 4
i




3 -'16

. ZONE3
DISPENSAR

; i,
|
' i

: &
; B
| {

Ll

| :
i
5
{ I3

4
MAIN PLANTROOM

FIGURE §

B, 2.,

N . ma T T, B T |



3=-17 o
The system is fitted with an economy cycle as well as a coil ' 1
reset controller. B 1
The syotem ig & variable air volume systam becauvse it serves .
six individually controlled production areas,

AIR CONDITIONING PROTECTED FILLING AND TABLET COMPRESSING i

Although the aly conditioning installations for the
protected f£iiling and the tablet compreesing areas are two L
independent systems, they are identical and can be discussed '

similtaneously.

These systems serve Lue low relative humidity (20% relative b

humidity) and 20 °¢ ambient temperaturs areas.

t
|
Due to the fact that the relative humidity 4s 20%
dehumidification of supply air could not be done by the ’
conventional method of dehumidification by cooling moil.

The conventional method of dehumidification 1s to condense ‘
the water out of the supply air stream by selecting 4 coil

shich will cool the air far enough below dew point. When

air is cooled below dew point condensation of wakter oceurs

and the humidity ratio of the air decreases.

The waual way to achieve this effect 1s to select the cold
water temperature to the coil app, wimately 5 °C lower
than the temperatura of the air lesvang the coil. This
s temperature difference ensures enough temparature differance
I to economically dehumidify the alr pasping through the colls

Trying to do the sase for a low relative humidity area is

i
i
i
4
i
lmpogsible, because 1f the same allowance is mada with a )
5 %0 yater temperature drop and with & unity.sensible heat 1

H

factor the temperature of the water to the coil must be

approximately =10 °C.  Supply water (Ln this case a

glycol/water mixture) of ~10 ¢ 4g a possibility, but the
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C.0.B. of the chiller will be extremly low, a specialised
refrigerant mist be used and the chiller would have to be
apecially designed to supply vater temperature of -10 °C.
This ig a technical possibility end is commercially
available in an ice storage oystem, but expenaive.

The alternative option was to use a deiumidifier. The
dehupidifier works on a process which absorbs water by means
of a chemlcal substance ({n this cage lithium chloride) and
then, when 3t is saturated with water, to dry it out by
meang of heating the Yithium chloride. This prucess can be
carried out in a batch precess whereby ome cell is abssrbing
water while the other cell is being regenerated or by a
continuous process whereby the lithium chloride is coated on
a wheel. The wheel revolves through to the atr to be drled
out and then revolves iato the regeneration ares where the
aolsrure 11; driven off frow the lithiusm chloride with hot
air.

As can be seen the heat of regeneration msst be enough to
evaporate the water abporbed in the dehumidification
process. Tha choice was made to heat this alr with steam
becaurs of the favourable cost of steam encrgy versus
electrical energy.

One peculiarity of the dehunddifier {s that it is a coaskant
alr volume machine i.e. it can only dehumidify a constant
volume of afr. Although the ailr may vary ia wolgture
content the voltme flow may not change. A reason for this
1s the drying wheel vevolves at a conafant speed and this
Eixes the water abi ion rate at a valuas  With
both inlet asir volume and inlet air humidity as variables

and the above conmstant water absorbtion rsté the controls
reduces into & twe independent variable control problem
which, under conditions of less than maximunm air flow or
maximm air huwidity, vesults in a solution with an infinite
number of air flow versus dehumlidity control settings which

* IRV T+ Y a . s
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satisfy the required outlet humldity. This 1s wot a
feasible control system and therefore the air flow rate is
fixed Bt a comstant amount and the variable belng the
humidity of the alr

This results in the fact that the dehumidifiers are' ooly
avatlable in specific sizes e.ge 3 500 w/h, 10 000 2
and 15 000 m3/h wodels. They can be used at intermediate
air voluses, but the bigger size of unlt gmst be used when
intermediate quantities of alr must be debumidified.

To desiga the system as a constant volume terminal reheat
system would have had the effect of {ipstalling a
dehumidifier capable of handling the total amount of asupply
air (for wmaximum conditions) ind then cooling the air down

to the required cooling toil leaving temperature (again for

meximum conditions) and them to rehear che air inr ecach
production area which does wot regquire the design cooling
load.

The effect of this would have been @

1) The dehumldifier would have been selected to operate at
Full capacity for 6 hours per year.

2) The dehumidifier would have been selacted to dehumidify
at approximately 70% of dehumiffer water rejection
capacity because aupply air through the unit is the
governing criterion.

3) Rehearers would have been in operation for a period of
the full production year minus the six hours 2t maximum

awhient conditions«

~bave Jesign is an energy inefficlent and capital
© o Jive golution snd was rejected.

The design was refined to have a constant volume loop in

- LR W ik i, b,
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which the dehuymidifer 1s installed and a variabla voluae
loop which supplies the required amount of air to the
production area.

The advantages of thie system is :

1) The dehumfdifier is sized for dehumidification as well
as alr volume.

2) The dehumidifier is operating in s constant volume
system for which it is designed.

3) The dehumidifier operates much nesrer to 100X capacity
and for longer duratlems of time.

4) Terminal reheat is reduced by introducing less air into
the production areas under heating conditions.

Unfortunately the variable alr volume concept could not be
used to its full advantage, because enough air for the
dehunidifier (being a constant volume device) had to be
introduced. The air gquantity required to satisfy maximum
load conditions are more than the dehumidifier requires.
However, under heating conditions less eir 1s introduced to
save on reheating capacity but the dehumidifier required
wore than acceptable minium quantitles. Thie resulted that
the turndown ratio i:ad to increase Zrom the normal L to 0,33
to 1 to 0,82 in the Tablat Cowpression avea and 1 to 0,55 in
the Protected Filling area. An appreciable amount of
capital costs were saved, but on reheating capacity lesa
than 50% of the normal savings were realised.

The characteriatics of the dehumidifian is that the exhaust
atr is at a dry bulb temperature of 43 °C and u relative
humidity of 10%: The air mist be ccoled down to 12,7 %
before being i d into the di areas. Thus up
to 198 kW {both systems) of low grade heat ig available for
heat vregain. Again, this value .will vary as ambient
conditione vary.

W
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The constant volume loop supplies the dehumidifier with
return alx and ambient air mixed in the correct volume, but
at  varylng modsture econtent. This amount of air is
continually suppliad to the system.

The variable volume loop bypasses the dehumidifier and is
introduced with the air £rom the dehumidifier into the
cooling coil. The volume of this bypass alr may vary from
0% to 100%. Nl bypass will happen during the heating cycle
while 100% will bypass during the maximum cooling cycle.
The maximun energy- saved by using the variable volume loop
18 30 kW 1n heating capacity. The capital cost saved by not
installing bigger dehwsidifiers is approximately RL5 000 per
unit.

N

-




Y

41

CHAPTER &

ELECTRICAL INSTALLATION

The electrical imstallation supplies power to the bulk of
the ingtallation i.e. the production machinery, the lighting “’

installation and the air conditioning installation, The
installation in itself 18 a fairly conventional system which
connects to the 1 kV supply of the Ducban Corporation, i
transformed down to 400 Volts and then distributed through

the main distribution bosrd to moter control centres and
] lighting distribution boards.  Adequate fault level
Uk protection &ud metering 1s instelled to make the
installation safe and controlable. Power factor correction
. equipment was installed and the system is .Jasigned to have a
: power factor of 0,95 237,

The energy mansgement available on this system 1s the main
area where cost savings can be utiliged and a careful study
of the tariff structure of the Durban Corporation is
necessary to optimise savings.

Five possible tariff contracts with the Durban Corparation

are available

Two Part Bull Low Voltage
Three Part Bulk Low Voltage
Two Part Bulk High Voltage
Three Part Bulk High Voltage
Buginess and General

The LV {Low Voltage) and WV (High Voltage) tariff structure
is identical, the metering for the HV I8 done before the
trensformer while the LV metering is done after the
transformer. The LV vates are approximately 3% more
expensive which would account for transformer losses due to

i
]
i

the positicn which the metering is carried out in the
distribution system.
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The definition of terms used by the Durban Corperation are
aa follows : i

kV4 ~ Maximum demands This is the highest kV4 demand
per running half hour period
during the billing month '
kWhr - Baergy consumed: This ds8 the actwal emergy
consumed by the user
kVA - Reatricted demand: This 48 the highest kV4 demend
during the hours 16h30 to 18h30
in & billing month. (The Durban
Corporation would give a discount
W for savings on weximum demand

made during these houra)
Notified demand: DJemand  regilstered on  which
caleulation ig carzied ocut

—

The tariff atructure is as follows {1984 values)

- 4.1 2 Part Bulk Low Voltage

.. KkVA - maximum demand R7,70
i Kir - consumed firsr 5 000 units  6,95¢/unit B
‘ next 10 000 units  4,45¢/unit
i remaining units 2,75¢/unit "

! . Minimum kVA demand charge 70% of maximum notified demand.

4.2 3 Part Bulk Low Voltage

kVA - maximun demand R12,00

kithr ~ consumed 1,8¢/unit

X kVA - restricted demand R2,35

o { tiintnum KVA demand charge 70% of maximim notified demand.

s The tdriff structure is paculler in the fact that an
agreement 13 wsigned whereby the consumer agrees to a
notified demand., This 1s the basis for calculation of
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winimum KVA charges. However, 1f the actual demand exceeds
the notified damand then the highest actual demand becomes
the notified damand. The congumer has the option to reduce
his notified demand once per year and if this optien is mot
exercised the wotified demand may be based on maximum demand
figures a few years old.

As indfcated before the High Tension meterdng tariffs are in
accordanca with the Low Tension tarlff except that
transformer losses had been digregarded. The minlmim charge
18 baced on & wmaximm dewand of 1 000 kVA (this
automatically becomes the minimm notified demand) and e
tharefore aimed at the bigger users of electricity.

The Buginess and General tariff structure 1s as follows :

kW-hr consumed 7,45c/unit

This tariff structure 15 aimed at general businegs and
household consumers and is not applicable for industrial
electrical consumption, being much too expensive.

1t 1s immediately apparent that the tariff structure itself
is compiicated and to make the vight cholce between tariff
structures can have a significant bearing on energy costs.
The additiomal charges e.g. regional surcharges, general
surcharges, coal adjustment charges and service charges have
been ignored, becauge they have no bearing on the structure
of how the charges have been compiled and how ko choose the
correct tariff structure.

To congider the cholce between 2 Part and 3 Part Bulk Low
Voltage a load factor mat be determined, Asgume a user
with a maximim demand of L 000 kVA with unit power factor
1f he is a consumer operating his ‘plam: 24-hours per day
then the maximum number of unlts that can be consumed is

%4 hours/day x 30,5 days/month x L 000 kVA x 1 =
732 000 kWh/month.

i
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A user consuming only half of the possible 732 000 kWh would
have a load factor of 0,5, Although maximum demand is
automatically fixed as notified demand the load factor
womparigon L8 vaiid for any maximun demand.

The cost of elactricity could be read from this graph 1f the
load factor is known. The shaded area indfcates the savings
poasible with @ three part bulk low voltage tarlff agreement
exploiting the poesible savings with restricted demand. The
lower boundary indieates the maximum saving during
reatricted hours; the upper boundary is when no advantage of
the restricted demand tariff fe made.

The break even points 1 and 2 between the different tariffs
indicate the ecomomical point to change f£rom ome tarifg
strueture to the other. Thus, if no gsavings is made within
the restricted demand timespan, it would be more economical
to go on a three part bulk low voltage tariff at a'duty
factor of 0,59 and higher. With increase of savings of
vaximm demand during the restrictzd hours the duty factor
reduced to & minimum of 0,27 when muximum saving must take
place in the restricted demand time.

To determine the correet tariff structure the duty factor
and restricted demand values must be determined after the
£ull plant is in operation to be able to make an intelligent
decislon. If a table of the pensitivity of the tariff
structure is analysed the following elecrical costs will be
payable each wmonth. (The guoted figures are based on the
1984 tariff structure when the plant was in construction)

[ o P o ol
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LV 3 PARY

DUTY 2
FACTOR PART RESTRICYED DEMAND UTILISATION

100% 50% 0%
0,1 R 9 600 R10 000 R11 800 R13 300
8,3 R13 800 | R13 5v0 | R13 000 R16 600
0,5 B - K16 600 ®”17 500 B18 300
0,7 R22 200 R18 300 R19 600 R21 200
0,9 R26 800 R21 200 R22 500 R24 200
1,0 R28 196 R22 826 | ®24 000 R25 176

Table 1

From the above table it is clear that whatrver tariff
grructure 1s conaidered the maxinum saving iunat can be
realised is between LV. part and 100% restricted demand LV3
part. 1If the duty factor were unity, the difference would
be 23%, - 1in real terms is RS 370 per month or a total of
R64 440 per year. (Assuning the notified demand is 1 000
%VA which 1s the size of the transformer for this factory).

If a more realistic restricted demand is taken l.e. 508 and
the duty factor comes down to a more realistie 0,7 (say) the
difference now total 14,8% or in real terms R2Z 900 per month
or a total of R34 800 per year.

If the influence of maximum demend is investigated it is
R1Z,00/kVA (LV3 part) or R7,70 kVA (LV2 paret). Once thig
maximum dediend has been reglstered the cost of one kVA is
R104,4 p.a. (LV3 pa t) or R66,99 p.a. (LV2 part).
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The inflinence of duty factors is also of interest, because
the complete tariff structure is sadmed at penalisiig
consumers with a low duty factor. To increase the duty
factor i.e. to have a steady continuous demand at all times
i3 sdvantageous both to the conswmer, by paying the minimum
amonnt of money for energy consumed, and the utility company
b utilising the distvibution network to its full steady
state capacity. Th: uaetwork then runs at the most
economical state with no excess cavaclity required to cater
for demand peaks.

The full e-ploitation of restricted demand on the 3 part
tariff brings about a saving in wonthly charge of between
33% (duty factor 0,1) to 10% (duty factor 1,0}, This is
alsc an aspect vhere savings cam be made, but the full
implication of having a 100% restricted demand wmesns
svitching off the complete factory between 16130 and 1Ba30
each and every day per month. Onec day operation between
e hours negates all the savimgs made on all th. other

dayr that month. Savings expressed in monetary terms are
‘betwean R3 300 per month and R2 350 per month which must
wake this option a very carefully considered option.

Ta fully exploit the tariff structuve the optione open are:

1) Choose correct tariff structure
2) Reduce duty factor

3)  Reduce maxirum demand

4) Optimlze restricted demand

The aunteresting point ie that a consumer ig not encouraged
£o sav: wswergy as such, because the LVZ Part has a backup
sliding scsle making energy savings less and less
advantszeous snd the absplute cost of energy under the IV3
Part sivvcture of 1,8c/kWhr 1s so semall it is hardly worth

conserving.

e
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The above again 1llustrates the dilemma of energy
conservation in  South Africa. Although the Durban
Corporation has a difficult tariff structure to optimise it
again’ proves the point that saving on maximum demand charges
18 much’ more advantageous than saving on the consumption of
irreplaceable energy. The commment 1a mede without even
applying aany financial model to see if the above is correct;
the magnitnde of the figures above is a clear indi.ation of
the dilewma,

In this plant as stated above money can be saved as follows :

1) Choose the correct tariff structure. When the actual
load pattern becomes available the choice of the
correct tariff strueture ls made according to fig 2 and
application for the most advantageous tariff structure
golves the probdlem.

2} Reduce the duty factor. The tuprovement of the duty
factor is, in effect, equivalent to controlling maximum
demand and forms part of the next point.

3) Reduce maximum demand. Maximum demand can be reduced
employing the following techniquest

1) Measure kVA on the same basis as the Durban
Corporation, This ensures the same information is
used by both parties to calculate costs according
to tariff structure.

14) Contrel startup In morning to ensure that the
target pesk demand 1s not exceeded.

111) Shedding load when maximum demand exceeds target
peak demand if possible.

1v) Optimise time to get bujilding on temperatura.
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v) Interlock plant to prevent systems working
together and thereby exceeding maximm demand.

vi) Store emergy in a useable form during off pealk
periods to ralse the load factor.

Optimise rastricted demand. Taking advantage of this
digcount may be feasible, but since it has a direct
iink with production it is not a strategy *hat can be
used without affecting production and production
periods. Cognisance of this must be taken with
production scheduling in mind.
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CHAPTER 5

ENERGY CONSUMPTION

In Chapter 1 the argument was made that savings can only be effected .
by snalysing the pricing structure of the various forms of energy i
and then optimising on those components which ecan realise the
biggest return on investment. This is true, but it is also true
that non renewable energy costs money and by saving this energy a
saving in overall energy coats are also achieved. .

If a speculation about the structure of future emergy costs can be
ventured it Ls conceivable that once the overall demand of the .
national grid 1s satisfied the pricing structure of electricity may .
chapge. This change will be in the relative charges between maximum
demand, which determines the generation capacity of the paticnal
grid, and unlts consumed, which is a reflection of the running costs
of a power station. If the genmeration capacity is satisfied then
emphagis from maximum demand will tend to shift to energy 5,

on and

& Lo more exp energy cen be
foreseen.

It is also a declaved pollcy of ESCOM to put a high priority oa the
conservation of non renewable energy. o

For the economic life of this factory it is therefore imperative
that enersy consumption is identified and quantified and that the
same is done for all energy congervation opportunitiea.

&
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ENERGY CONSUMPTION

The three main sources of ewergy available for this factory
are electricity, which 4s brought from the Durban
Corporation, steam, which 4s generated on site aund
compressed air, which is also generated on site. The steam
is  used for dehumidification and process cleaning
requirements, the compressed air is uged for production
machinery and the electyical installation i1s used for
preduction machinery, lighting, heating and air cor.itioning.

To the energy on of the factory each user
of energy must be snalysed. The major user of energy is the
air conditioning Installation and must therefore be analysed

in detail.

The bullding thermal energy behaviour was simulated using
the HGC III cocling load calculation prograw. This program
simulztes a building cooling load by taking in account
external ambient conditions, imternal conditioms, the
building emvelope and the type of air conditioning system,
to arrive at hourly thermal energy requirementa to maintain
specified indoor requirements.

The eooling loads of the comfort and low humidity areas were
simulated independently, because the tamperatures in the
comfort areas were allowed to drift within comfort
conditions, while the Ilow relative humidity areas wéve
simulated at a4 fixed indour temperature and humidity. For
both cases a system analysis (variable volume or constant
volume system) were {necluded in  the analysis,. The
dehimidifier of the low zelative humidity systems were
simulated on an hourly basie by taking In account the air
entering volume, temperature and absolute humidity to obtain
air leaving temperatures and absolute humidity, This was
done on an hourly basis by hand, because the computer
programme was incapable of simulating a dehumidifier,

e e o b




- i ~ °
5-3 .
Hou T T T T VR ORI
i
[l My
B T T 000 B0 B0 810 B T i 1
igﬁv cm“;zai gi &% g:g gz 27 zZZ §7C ﬂi z;: i %E
WE R e
FROGEE 80 3183 S Sy 3 S1heg g Sjied 303 30 Send 105 T TR “
r L h Hoed 1003 TH0. S0 T 0T TaLt. b I0saan.0 :
ﬁg t;n X xozlg 12“ lixi £ ug'.? ”§:9 ?:zie i;ﬁ. o) 1:%13 1 lg é%:z Tk s
CHILLER XVh 125.3 196.8 148.7 15B,7 159.2 1504 $50.2 196.2 157,3 1517 1511 108.7
FEBAUSRY TEND £ 80 0.0 70 750 T 1.0 78.0 100 700 710 75
o 1 11 8 51 B3 1 4 B3 04 4 BB ~
i) g 1 1 (3 8L B pils LS B B0 T 00 taass s
GO 087 7S 7 6 (P 200 0L 2 ey 2804 1050 138's (e el c
PROCESS 61,7 6L.7 6L.7 BI.7 B1.7 L7 “BIi7 L7 SL7 8l.7 L7 8.7 bI1L1 Y2WZ.. L/
R L R O O T R e
Egéﬂﬁ”" sslg 7 zgig i R SRR 12 148 e 0 e k.
i 0 o ol ond bl udd o] o bl B3 ol o5
wo e T A4 8000 BYBE B K e R B ?
lBeions 1 %2 Il 88 80 8 4l o 23 i ;g.' |
) 0 (2711 1S54 10 (A5 LT Ul kY LECY IR 1S A0S g 2710ns
EBRFORT i. 115. 1362 1937 L 76,3 181.1 184, lBi. 177.7 18,2 109.2 1562,6 31252.4
e st i By 1aize
uuftm w G 32%:1 RER IR TR AR SRR Al RN 2531% 5.4
€15 7] LI R Rt N 19 0.8 0.0 0.8 )
CHILLER KA 622 L4 674 92.5 0.3 9.5 100.2 103.9 1043 103.5 %6.2 740 5
R 10N £ 2 @, 112. 4 @0 188 . ;§ gg. ;g. 2. ’
UENSIHNG T 19,6 22.3 2418 267 77 w0 2% Wl fog e 2 g
E§§a§ .5 108, 1i, 37 kg 0 8 gy i 0T B 2w ome.
Sl i T e A e ) U :
o g"}ﬁl;:sﬂ-l;;ﬁl 6;5;0;0552!1’%5;& tg:g! Igl{"!«;""?;;lﬂg;l l;"f;l] 44510 L:
Mﬁ{;u W jg: sgig ai: eg!g bg?g 73: 7 ﬁ:g ’%g 7‘1'52 o S0 U .
BTl on 23 708 70 o8 s o8 w0oh ohd Wd 69 st 604
WY TEREE ALO 4L S0 4 60 400 §2.0 420 40 3.0 3. ! j
it 1 15 17 g: AL R 0 e R . l
i .g.l.\.1};.1.13.1,51.“@3. 4 d.s 0400,
Qm' 07 2 «g. Al i 23 13 gy g NE el I }
PROCESS  6h,7 81,7 80.7 Bl.7 Bl L1 eld b7 sl a7 L7 RINT (20 .
B H G HH T UM i
ft TGRSR AR S
B T R I R R R A sé:« &3 K
e 3 2.0 40 5.0 S50 B0 8.0 5.0 570 IO 30 S0 4. i |
{gﬁ&gmm %: : {E: T 0 B3 0B B B R
ﬁng i‘f 2 o q;. 12,0 198.2 4. x?. xg;. i _%. vzi.g e
i U A R R G I I .
me BRI gy
filLe ke g L3 %é & %2 I%g 2?.! g Bs xé.v :;é ?zﬁ 3 J4
TIPS A B G R S IR L P )
HOURLY GHILLER ELECTRICAL OEMAND
TABLE 2
e
- & an v oA se w4 P . ST



= =82 @ @mes =e @29 oo i =39 we 2o% 92 .
g=5 &8 dagf o gy &g gxg 22 B e 88 5
: EREE BRE 2B R BEE O =REH
e e ) st Y pense iy sl 4 b} ome T
o omE E=E O EE BF 0 EFE  EF
=} foqoaomfemen  comee Jrremn ooocer Fomme areen Foeas svason Fonue oreaan Fosme 3
- : mmmm t ..xWMM 2% nuﬁmmum“.,ﬁom SENgdsisEcs SNepdiga g 2
=3 oREnTIaT et S SRt R R IR EEITE QNNIIIISION ST 3T SO * 3k 5y =
B FSRECIEERST  NNgRIiEASd diddeiidecd oidediigder Seddgdioney Sdiigddecs 2
=f Foraer Fomm=  coooun Foryme ogman e oo Foomer gogwen Zrzano. ommanes e B
SEgesn ] dekitgeog doduidlzdes SdngddigeSy dSngsEinnd
mf Fomeees fomme oeemon fopomrn e Foma omaoer Fronma organor Ty oo f<em 2| o
FlgAIEEn  ANSeeEdAYR SAGNEdlpnSd InddedigdSd SRSEgEETees AdgESEed 5 8§
=f fomoronfnome  aveoo Ty e iz crmmar Fomeny ey Fersmo, aram-aney Fryeem O] F
Bingsdipdod ATids SidecN Sagadigecd dendgdiascd SNEiSpeds Sduddised o O
=+ RN T A R RN R FRARS 2T TR QM e STEIEET TN SN 320N 2 8
2z sdd Teice SddggdegdSd daRisindsY SadgEST S widaacisy &
- ESIES HEIR IBEEES EEREE ERSIEETS kI = I
' of fomemmndncms  coecmnd Formry ey ForEe orree TN Sy S gooonn izess o
- SiNgAsEEASd  BINIA RS Sniaees dengisidacs ddefSSigdes edigidigess o o
= O.Duﬂuo.i.-l.ml.Q.JT- nwv“.v..lnumvl.mhu.mﬂw.m o.xulnnul..T.m.D-.winl“ ...... m e v Y FOIIE SRR 2 o) 2
sig=sinsed SRS Sidigacs Sendddind Sy SRSEgSigdcs SRHEESigatys N &
2} fommcorfanm  crem e gaern Frremey ommacn Frumma oagene Formme orron: fowor 2
iSRS Egod  AUNgdSianSE dAdadiAdcd TidensindSs SaGES e idddigeE 3
=% Foseey Fomae  sommoend Tome ¢ sordomme ooeeaae Fome soguer Frimmn quea s B
i Sedisd geig<or noagmsigets Sdafdtisss miEsgdsdNes 2
=F Eomen-eia_em  gwemon Fus- SNETYTY ST SR ST Fee B .
STSRESIER FTRENIIER EBIIERTR SWETSEEIOS SINSHSIRNTE FRGEZSINNCH
[ I B el Eoa i Eloma grmare Fomme g Fa
SEERXE: O S RO S bk g E SHET NS NS
2 =% = =% 2 23 g =% 2 =% =E
woZ2E8 B woZpER B8 wolebm 60N wozmn moE o R G
ZeeBlH i oelTHE FUJ oo BUoH oolT0N S ool S selTHE BT -
iBES5EF BEES BRasl: B Bieag: Do Hhonie Bomm Mo oy Biesir B
o H = & 8
Iet. g z &
gisin g B & g g

ED T e R

ol d e b



5§55

Simulationa of one design day of each month of the year was
carrled out over the periad the alr conditioning system will
be in operation. The hourly thermal energy of the different
gystems plus the process thermal energy requirements were
totalled on the same basis au set out above to obtain an
hourly cooling load requirement,

To determine the electrical energy consumption from the
cooling load requirements the chiller was manually simulated
on an hourly basis to obtafn the electrical consumption
£izure 26). The chiller performance is dependent on
condensing temperatures which again 43 dependent on cooling
tower performances. I# the chilled water outlet temperature
is comstant the above can be determimed with the wet bmld
awbient temperature and the chiller performance curvas to
obtain the alectrical energy consumption on an hourly basis.

Table 2 represents the design day cooling requirments on an
hourly basis indicating sambient tempersture, condensing
temperature, cooling load requirements, chiller KW
zeguirements, the power factor of the electric motor of the
chiller and the chiller kVA requirement, These figures are
totalled to give a daily consumption and alse & monthly
consumption.

To rbialn a yearly electrical, steam, and compressed air
energy consuaption i was assumed that the production tempo
will ba 100 % of ecapacity throughout the production year.
Becauge production batchss and durations of muchine
oparation for each process cycle ara not known a 100 Z duty
cycle was assumed as a first approximation. The proceas

thermal requirements were therefore taken as a comstant load:

The pumps for the condenser water and chilled water aystems
were also considered as having constant loads, because both
systems use 3-way diverting valves lastead of 2-way
throttling valves to control & wperdtures. The fan loads
for the variable volume gysteme were antlysed and part loud
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performance were calculated. Delumidifier steam consumptinn
was analysed on part load performunce to determine Che
yearly energy coneumption for the complekte factory.

The yearly energy consumption figure for the factory conelst
of the following ¢

Fan and pump loads 438,84 ©J
Lighting load 503,71 G6J
Production machinery load 1 728,00 6J
Steam consumption for dehumidification 225,84
Alr conditioning load 1 846,43 63
Compressed air consumption 0,86 ¢

TOTAL 4 743,68 &J

PERFORMANGE INDIGATOR?]? 1,666 GJ/u’ per operating year .

The above performance indicstor £s a vatio of yearly energy

consumption per unit floor area and includes all the

electrical, steam and compressed air consumption for the

operation of the factory. It does not include steam usage

for production utensils cleaning, because this 1s a manual
£l aud 1s on the and

catnot be quantified.

ENERGY CONSUMPTION PREDICTION

To determine the al energy ption of &
bullding in the design phase the building envelope has to be
defined, the Intarior amblent conditions and all the energy
congumars in the huilding must ba defined and quantified.
With the above 4information an estimate of the energy
‘consumption of a building can be made using the following
methods :

Degrse day method

The definition of number of degree days assigned to a

i
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24-hour period 1s the difference between the 24-hour mean : 1
outside temperature and an arbitrarily aselected base
temperature. ‘!

The wethod implies that if & bullding consumea & specitied
amount of energy with a defined difference between the base
temperature and the average daily ambilent temperature it
will consume twice the amount of energy if the temperature )
difference doubles.

The above assumption of energy consumption agalnet
. temperature difference has beer developed to calculate
e heating energy requivement especially during winter and
night time periods. The assumption becomes questionable

when the solar influence on a building with a blg glass &1
" facade is snalysed during daylight perlods. !

e
=k

To analyse a bulldiag for cocling energy consumption chig d
method i3 also questiorable due to the influence of building
magg, thermal storage, solar influence, the dependency of a

chiller C.0.P. on amblent wet bulb temperature and system
coufiguration like free cooling.

The one major limitation of this method is the fact that the
24-hour average temperature is used instead of the average

temperature over the period the plant will be in operation.
During the cool peried of the night the air conditioning H
gystem of a commercial building usually does not operate and i
therefore the degree day will indicate a too low energy "
consumption for alr conditioning installations in operation

during day time hours and conversely a too high energy ¢
consumption for heating systems only in operation during day

time hours. For a system running 24~hours per day this H

method will give reas~nsble angwars espaclally for heating
aystems independent of system configuration like & chiller

or a cooling tower. 1

H
i
|




Bin Method

The bin method 1s an improvv unt on the degree day method
because Instead of giving one degree day figure a frequemcy
distridbution of the ambient dry bulb temperature is piven in
2,8°C (5°F) increments or bins. The informatlion is given in
the form that a specific amount of the yearly time is
attributed to a specific temperature bln.

This method is essentially the same as the degree day method
except that with the bin on ]
equipment; for example, a water to air heat pump can be
gimulated which cannot be done using the degree day method.

The major limitation of the bin system is identical to the
degree day method because it is representative of a 24-hour
day and the simulation of an 8~hour plant operaticn 1s not
posaible. )

Modified bin method
The bin method has been extended to circumvent the above

limitation by giving the bin information im three 8-hour
periods of one day i.e. the temperature duration has been

made time d: This on is now to
simulate the ensrgy requirements of a buildin, ‘perating in
eny one specific B8-hour period. Lomger operaticnal hours
can be accommodated by careful extrapolation.

The method does not simulate an alr conditlonlng system,
because again chiller performance and free cooling cannot be
incorporated in this method.

To carry out a simulation approximately 10 to 15 bing must
be analysed to cover the full variation in temperaturs.
This analysis must be carried out for each system installed
in the building and then totalled to give a yearly energy
consumption figure.
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Computer simulation .

Quita a number of computer programs exist which can
calculate the energy requirements of & building on an hourly
basis for a design yeax.

Two types of programs exist namely programe which simulate
energy requirements for keeping indoor temperatures constant
i.e. cooling/hesting edmulations and the wmore p- .erful
programs which takes the building mass storage capabilities,
the energy flow between inside and outside conditions with a
system simulation in consideration when calculating energy
requirements.

The simple program requires enough input to define the
building envelope while the energy program needs the above
plus input on systems and system comtrol tolerances to be
able to simulate energy requirements.

The computer simulation 13 the most powerful wmethod of
simulating enurgy requirements. Energy requirements are
caleulated on an hourly basis and, depending on the degree
of sophistication of the program, simulation of air
conditioning systems and chiller performance can be
calculated and summed automatically, Indoor changes of
occupaney levels, lighting levels and other vaxlables can
also be accommodated. This method is much more accurate,
but also much more time consuming than the degree day, bin
or modified bin method.

besdgn Intormation

In the fout methods described above the quantiffcation of
the building envelope in thermal resistance wvilues etc is
stral The . on which is very difficult to
obtain 1s data for South Afrlcan amblent temperature




5.2.6

5-10

conditiong. Data are avatlable giving the following

faformation:

1) Monthly average and maximum tempazar.uresza)

2) HMonthly and hourly average temperatures’

3) Degree days for 4 stations (not ome 1s a commerclal
centre which «cam be used) for varlous base
tempetaturasla)

4)  Cooling/Heating Thourly temperaturer for different
probability levelsl®),

The above, except the degree day informaticm, are availlable
for all the major zentres in South Afriea.

From the above ianformation it is possible to compile degree
day, bin and modified bin data, but oaly on average
temperatures. To simulate & bullding on a apecific
probability level for a specific month Is not possiblé,
because the probability level information 1s only available
for moximum and minimum conditions.

An attempt was made to create modified bin data from average
ambieat  temperatures and normal disttibutions3 of
westher patterna, but it seems ag i1f the model which has
been used is only applicable to the weather patterns of the
United States of America and mot to South Africen weather
patterns., Elther published data on modified bin information
or an adaption of the model to be able to predict modified
bin data for any centre in South Africa is required, because
this information is mot freely available.

The Energy consumption of the butlding

‘The building was analysed on an hourly bss‘is for the hours
the plant will be In operatlon: The hourly analysis were
simulated for. the design day of each month of the year.
Energy consumption figures weve determined from the
aimulations for a 20 working day month Eor the 12 monthg of

iy




5 -1l

the year to arrive at a monthly and & yearly energy

cousumption figure.

To be able to use this information as input for management
the mcnthiy electrical energy consumption for the air
conditioning installation 45 plotted in fig, 9 for each
month of the year.

The simulation was carried out using the 2,5% probability
~ublent temperature levels for the production area and the
104 probability amblent temperature levels for comfort areas
during .aximum cemperature conditions and 2,5% probability
Jlevels during the rest 57 the r3ar for both areas. For non

maximum conditions the 2,5% jrobsorllty levels were adjunted

by morthly average tempersture differsnces.

An attempt was made to relate amblent temperature L6 G¢...ig
electrical energy consumption to be able to predict energy
consumption using a single parameter i.e. dry bulb
temperature. Amhient dry bulb temperatures and elesctrical
energy consumption required for cooling were correlated
uging the least aquares fit technique snd with 120 sample
poiats as shown in figure 10 a correlation co-efficient of
0,94 were obtained. This i{s a significant correlation:u).

If an attempt is made to explain this correlation it can be
sttributed to

1) The relative small iafluence of direct incident solar
energy

2) The good building envelope insulation values

3) The insensitiveness of the dehumidifier air outlet
conditions to air eatering conditions (i.e. there are
constant cooling loads on the colls of the low relative
humidity systems)

The system, for a major portion of the installation, is a
low relative humidity installation and one would expec. that

X, it e L g
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amblent wet bulb temperatures should have a wmuch greater
influence on energy consumption than &mblent dzy bulb
temperatures. Because dry buldb temperature 1s much easier
to measure than wet buld temperature and with the good
correlation between energy consumption and eny Dbulb
temperature - it seems 1f it is the easiest way to cietarmine
energy consumption.

The above gimulation was carried out gssuming full
production capacity for all the production hours.
Simulation with 73%, 50%, 25% production capacity should be
carried out to he able to determine air conditioning energy

on at various levels
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CHAPTER §

ENERGY CONSERVATION OPPORTUNITIES

N |

The energy conservation opportunities are part of the cost savings
opportunities as shown later im the rveport, but the following are N

the energy conservation possibilities considered and analysed: rl
6.1 Minimising of solar energy entering the building through "
windows ’ "

By 1instelling solar reflective windows with a glass shading
co-efficient of 0,59 i.e. Solar Shield 20/20 ox by sticking '
ceflacting £ilm on oxmisting windows the selar izcident bt - -

energy will reduce over a period of oune operating year as

follows :

Incident energy at present 122,027 GJ g
Reduced incident emergy 71,99 6J )
Saving in emergy 50,031 6J g

If the C.0.P. of the chiller is coneervatively taken as 4 a ¥
saving of 12,51 GJ in electrical energy 1s possible. :

6.2 Lights N
i

If  high efficlency fluorescent lights ingtead of
conventional lights are used the electrical requivements are
58 Watt per tube instead of 65 Watt per tube l.e. & saving
of 12% can be realised for the same lighting output. If
this is applied to the whole factory a& saving of 7,036kW can
be made. This represents & 60,792 GJ electrical enargy b
saving per operating year plus & saving in air conditioning
runring costs of 15,2 GJ electrical enaxgy per year.

[
-
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People

1f people not actuall) workisg in the area are told to leave
& saving of 178 Watt per person can be rpalised. If the
equivalent of one person is prohibited from loitering in the
aly conditioned area an energy saving of 1,54 GJ per year is
possible on the air comditioning system or in total = saving
of 0,385 GJ per person per year in electricel emergy 1is
posaible.

Volume control and speed control on fans

The two types of air conditioning systems employed are
constant volume and variable volume gystems. One of the
characteristics of a comstant volume system 1s that, as the
name implies, a constant ewount of air is delivered to the
alr conditioned ares. This characteristic is true if the
system pressure drop does not change. If the pressure
reduces for ingtance wnen an outside daor is opened more air
wlll be delivered to the area.

Conversely less air will be delivered when the system
registance  increases, 4 oormal dncresse 1in  syatem
vesistance can only happen when the filters becomes dirty.
A filter installation uswally has an initial pressure drop
of 80 Pa and a cleanout pressure drop of 250 Pa. If HEPA
£iiters are required to obtein very high filtration
efficiencles it is customary to uae 3 bag filter and a HERA
filter in combination. This combined filter has an inmitial
pressuze drop of 300 Pa and a cléanout pressure drop of 750
Pa.

If this pressure drop Is ralated to fan sizing and volume
delivery to the air comditloned area the system must be over
sized to be able to deliver the required amount of alr at
waximum system resistance i.e. at filter cleanout pressure
drop. This means that the system delivers more air than
required for the majority of the time which, in effect,
means the system 1s oversized and wasting of fFan energy
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takes place, If the amount of f£resh alr is set as &
constant percentage of supply alr it means that when over
supply of air occurs the same bappens to the fresh air, In
& conventional system the system pressure increase is
approximately 170 Pa. If a hypothetical system with an
{dentfcal amount of air as a typilcal asystem ia this factory
is analised the increase in air quantity {s 12,5%. 1If sn
englneering approach 1s taken whereby the specified alr
delivery is never reached with a dirty £ilter by selecting
the fan to cater for system rvesisgtance plus & 70% dirty air
filter the lncrease now reduces to approximately B8%. This
iacrease is, with the accuracy which air caan be measured in
a ducted pystem, within design tolerance and 1is a very
common apt:dach in commercial air conditioning systems.
This approacy for a production facility must be carefully
congidered becwuse of the high production machinery load in
couparison to whak Ls happening in a commercial installation.

Areas with 8 constant volome System and HEPA fileers have
the above situation plus an additiounal pressure drop of 450
Pa which must be added to the system resfstance for dirty
f1lters, This means an alr volume iderease of 23,6% with a
£avoursble fan selection and if un cversized faum is used the
incrodse can be as high as 90%.

The increase in absorbed fan power is approximataly 3 kW for
thig size of ingtailation and therefore 4 saving in eneigy
to power the fan can be made by installing a rdevice which
controls supply alr &t design volume with a change in system
resistance.

Alr volume can be controlled by controlling the alrflow to
the fan by means of a damper, or by having a variable inlet
vene contrel, or by regulating the speed of the fan, The
varfable inlet vane coutrol is essentlally the came as a
damper, but by altering the alr entering velocity to the eye
of the fan a more energy effective method of Zan capaclty

contyol is achleved.

iﬁ
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If the most effective method is analysed, namely tha
regulation of fan speed, the average saving will be the
averade of the difference between the initial and cleanout
abgorbed fan power L.e. 1,5 kW if a 100% efficient system is
used. This ia virtually the case with a thyrdstor type of
speed control device and a saving of 12,96 GJ/year per

syatem is possible. Variable volume systems take care 9f

this aspect automatically and no additional savings ave

possible. The total savings therefore will be 25,92 GJ/year
_L because two of the systems of nearby identical air volume
‘ can be converted.

If che supply air can be kept constant the fresh air, which
in this case is approximately 10,5% of supply air, will also

be kept conatant. The absolute amount of fresh air is not
controlled, but the percentage of fresh air of the total

supply alr is set and the abaolute amount of fresh air will

[

s vary with the amount of supply sir. If the volime increase
i is 23,6% of what {8 required an increase of 3,01 kW is added
to the cooling and dehumidification load (under maximum

Te determine the total contribution the time

conditions).
of year the £ilters are clean or dirty wust be known, but if
PP an average 1is takem and the total effect on the
refrigeration load is calculated a nett saving of 7,407

It ig a fact that the cleanout

Gi/year can be realised.
cycle of thase Eilters are about 9-months, but averaged over
a few years the above nett saving is possible.

The abeve saving is in building refrigeration load, but if a

chiller C.0.P. of 4 ic assumed an electrical energy saviag
of 1,8518 GJ/annun Ls possible.

At the preseat the variable air volume aystems ave fitted
with ws'<Rla guide vane inlet coutrol. If tha volume
conr 3 fans are changed to veriable speed control
£ savings are possible: In January the average
fan . -sme requived for the design day Efrom 07h00 to

1700 ds 0,919 of the maximum design air volume, I1f the
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same calculation fs carried out for the design day of each
month and totalled for the number of production days a

saving in electrical energy of 110,7 GJ/ennum is possiblae.

iIf the savings on fan enevgy and excess fresh ailr is
totalled the net savings in electrical energy are ae followat

Constaut volume systems

Constant volume systems

" Fan emergy (2 systems) 25,92 GJ/annum
Fresh sir (2 systems) 1,85 GJ/annum

" yariable volume systems 116,70 GJ/annum
TOTAL 138,47 GJ/anmin

6.5 Duct Leakage

Duct leakage ~°n be an invisible waster of energy, In the

code of practise for duer installation 2 the meximam
permissible leaksge 1s defined as:
B
v 100
nre V1 - Volume of section under test (ma)
v = Volune of total duct system (n®)
Q- - Total maximum system design flow rate
) )
n - Value equivalaat to 8 for low preasure
ducting

When the whola sysiem is considered '1 = I and the equation

then becomest
P
o =79

and with n substituted the leskage rate 1s Lherefore 8% of
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the total maximum system design flow rate, This test must i
ba carried out at 150Pa or 1,5 times normal static
pressure. 7The normal static pressuve in the systews varies o
from 63 Pa to 40 Pa and an average of 150 Pa as the test

will not be ate for this discussion. i

- 3 To relate the mawimum losges at prescrived taest prassures to '
Yo . normal operating pressures acecording to Bernoullii and
ignoring compressibility of gasses :

AP, . .
9Q = Q —A”I-Tl B

. i :
‘ ‘L which in this instance gives & dellvery of 64,8% of test '
r requirements or a leskage rata of 5,18% of maximum design ‘

. t sir flow, In both t'. . able volume and constant volume i
systems this value .ain constant.

Two sources of energy 1s required to offget this loss;
additional treated alr vo offset the treated air which ig
lost in the ceiling void (thie air 1& not lesked in alr

conditioned spaces) and additional fan energy te offset the
i transporzation of this additional amount of air,
|

From the fan laws @ N

: fotal pressure b) 1,5
Ky = (To:al pressure a) LA

where . ond b refers to sltuation without leakage and

sifuptin: with Jeskage respsctively and kW refers to fan
it enargy e ofreds

LT For v spucific installation kHy = 1,1509 kW, or an : 1
b inere.: o of 15,09%, On the total fan power this reprasents
' 8,75kv or for the total operating year an electrical energy
requizamsnt of 75,619 GJ/annum.
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The electrical eaergy requirad to cool and dehumidify the
additional 5,18% of alr lies between 8,34 GJ/annum and 2,60
GJ/annum drnending whether eaough return air is available to
satisfy the requirement or whethar outdoor air will be
requived, If the smallest value l.e. 2,6 GJS/annum is added
to the fan requirements a total of 78,219 GJ/annum is wagted
in this mamner, It 1s obviously very difficult to get a
system completely air tight, but Lf standards are vaised to
say & 4% leakage rate at test pressure the electrical energy
savings are 41,09 GJ/annum on the figure of 78,219 GJ/annum
for a 8% leakage rate,

Chiller optimal starting sequence

A device is available which senses both outdoor aud indoor
ambient conditions. From these two temperaturas an optimal
plant start time is estublished by messuring time elapsed
from siarting to getting the building on temperature, The
elapsed time and the combination of indoor and outdoor
temperatures are stored in the wemory of the optimal start
up device and within a perdod of six months a file of indoor
outdoor combinations plus time from atarting to getting the
building on temperature is established.

This system cam ba of great help to commercial buildings,
because temperature and not humidity 1s the  operative
criterion, The relationship between indoor and outdoot dry
bulb temperatures does not describe indoor relative humidity
and therefore as the controller is marketed today 15 is not
the correct application for this installation.

If outdoor temperature and indoor humidity can be the input
parameters this seydtem 1s worth considering. It is
extremely difficult to attach a spacific energy saving to
this method, ' because building mass, permesbility and
potosity of building materlals now control the start-up times
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Energy Reclaim

Various energy savings opportunities are avallable in this
category, It ic true that this energy is reclaimable, but
ustally it is in the wrong form (l.e. the temperature is too
low), it is avallable st the wrong time of the day or it is
very unaconomical to reclaim, store and reuss at a later
date.

Buiiding heat ~eclaim

The biggest amount of c¢uergy that cam be reclaimed is the
heat rejected from the bullding. The amount of heat
available is 2840,44 GJ/annum. This heat I1f recovered
through a heat reclaim chiller is available at a wmaximunm
temperature of 50°C but only when cooling is required.

Condensate reclaim

The condensate from the steam supply which is used to dry
the dehumidifier rheel ie not reclaimed, but dumped in the
drain. The maximum steam use is 308 kg/hr which occurs
under maximum wet bulb ambient conditions. The steam demand
will follow the building cooling demand and therefore the
yearly use of steam will be 409 140 kg/year. If the
condensate from thig steam is available at 90°C and it can
be returned to the boiler lnstead of using cold boller feed
water at 10°C a saving of 136,817 GJ/annum can be realiged.
An additional saving, although not in energy, 1a in the cost
of treating raw water instead of returning treated water.

Exhaust aiy

The statutory amount of €fresh air implies that the same
amount of conditioned air wust be exhausted to atmosphere.
A total amount of 1l JOOmJ/hr is continually exhausted to
atmosphere, The total yearly amount of energy invelved is
-1,373 GJ in sensible cooling and 4,5558 GJ din latent

B .
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cooling. The semaible copling can be reclaimed with a heat
wheel, but the latent cooling 1s a change of state which
cannot be recovered with a sensible heat reclaim device.
The positive amount of energy that can be reclaimed ia
0,4889% GJ/annum eensible and 4,6102 GJ/annum latent.

Dehumidifying process

The dehumidifier when dehumidifying the alr heats the alr.
The supply air temperature rise at full capacity is 22°C and
at winimym capacity 18°C, If the simulation is carried out
to deteraine this emount of heat on an hourly basis the
amount of heat reclaimable is 965,76 GJ/annum (if a 100%
reccvery is possihle), This heat, however is avallable at
43°C maximum.

If this heat is extracted by an evsporative cooling device
ingtead of a refrigeration device a saving in electrical
energy is poasible. If this heat is rejected to atmosphere
ia a cooling tower with a cooling coil/cooling tower

the air leaving the coil can
conservatively be brought down to 4°C above wet bulb
temperature without undue capital costs. The cooling tower
and circulation pump energy must be deducted and if a
congervative C.0.P. of 4 is aassumed for the chiller a saving
of 295,82 MJ/annum (electrical emergy) or 1183,28 MI/aunum
in rejected heat can be achieved.
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CHAPTER 7

MONITORING AND TARGETING INSTRUMENTATION

The philosophy behind monitoring and targeting systems, and
therefore instrumentation, will follow the management by exception
strategy. This strategy is to monitor only one parsmeter namely
energy consumption and to mee whether a system will meet its
projected target or whather a system will overrun its projected
target. If at any point in time a dlagnosis of an overrun can be
wade it is also aesumed that one or more systems are
malfunctioning. An investigation in the asystem, sub system or
individual components is then carried out to find the malfunctioning
component. Consumption monitoring is not the only method to monitor
plant malfunctioning. If for instance, space temperature is
unacceptable or a plant breakdown occurs 1t 1s obvious that
something is wrong and must be repaired to keep plant operating at
design parameters.

7.1 GLOBAL MONITORING AND TARGETING

To be able to tie energy consumption to emergy billing it is
necessary to measure the inflow of all enmergy to the factory
in exactly the same way as the billing authority measures
thelr energy. Ultimately energy can be related to costs,
and to have a discrepancy in information can lead to making
the wrong decision.

Te be able to manage energy consumption it 18 necessary to
quantify the projected energy use for a defined period.
Ususlly this period is ome month, because it then

synchronises energy use and energy costa.

When energy use is quantified it must be divided into
production dags. The actual energy use each day {s then
compared to the targeted emergy use and Lf a running total
1s kept it is possible to see deviations very quickly. The

SRR SN
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problem arises when energy consumption is not only dependent
‘on ‘production rate, but also on external factors like

ambient temperature.

To budget the amount of energy that will be used, the
relationship between dry bulb and energy consumed (fig. 10)
can be used. The monthly average temperature is avallable
and with this figure energy consumption for the air.
condftioning installatfon can be ¢.termined. To check daily

consumption it 15 necessary to integrate amblent dry bulb
over the production day to be able to determine

- S s a—

the projected usage against actual usage. If the average
ambient temperature of that specific moath 1s higher than
the long term average it will automatically show from the

N temperature records, but it will atill be posaible to detect

differences between actual usage snd targeted usage.

When the actual congumption figures become availlable and
! knowing thet the plant has been in good running order an
actual energy consumption versus ambient temperature

relationship can be found. This relationshipbeing measurad
]‘ instead of caleculated ghould have a higher correlation than
b £ig 10.

7.2 HMONTTORING !
Monitoring is the process of providing a method to identify

! 4f & gystem or component 1§ not performing Lo required

perfornance.

should be structured in suck a way that it is possible to
immediately identlfy a fault sicuation and where Lhe fault X

i
H
¢
i To be able vo monitor effectively the wmonitoring system
i
i
}

. is situated. The strategy to identify functional groups of
i equipment working together and to moniter only- one parameter
te assess whether the group as a whole {8 functioning

H
|

i correctly 1is the by exception strategy as »
| previously defined.

- * s 3 " il il e . Y ) o
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In the alr conditioning system the chiller/cooling
tower/chilled water eystom is e funciomal group and each air
system is another functional group.

The production machinery is more diffteult to identify,
because of the batch type operation of the process
ingtallation, but again a batch or a production line can be
tdentified as a functional group.

Chilled water generation equipment

The chilled water generation functional group consist of the
chiller, cooling tower, condenser water circuft and the
chilled water circuit. By monitoring chilled supply water
temperature to the cooling coils an effective monitoring
systen for the whole group of equipment is instituted. If
at any time the chilled water supply temperature deviates
from set polnt ismediately obvious that something is
amis and that s ‘pection of the individual components
are required.

However; thig monltoring strategy doeés not indicate Lf the
prime enmergy coneumer, the chiller, 1s working to its
required efficlency target. To produce chilled water at the
correct temperature may consume much more energy than
optimally required and individual performance monitoring of
equipment which can perform, but not at optimum performance,
is required.

The chiller is the main consumer of electricity iu the air
conditioning system and therefore meeds stpecilal monitordng.
A chiller consists of three sytems namely a refrigeration

circuit, a condenser and an evaporutor. .

In the refrigeratfon system tha following have an iInfluence
on efficlency ¢

o
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1)  Mechanical parts e.g. valves, yalve springs, strainers,
driers expanslon valves and piping.

2) 041 contamination in the heat exchangers.

3) Internal gas leskage and overall loss of gas.

4)  Presence of non condengible gas.

In the condenser and evaporator the main influence on
efficient heat transfer i1s fouling. Pouling of the
evaporator 1s a long term occurrence, but fouling of the
condenser can happen much faster, because the condenser

water ci..:t is an open system.

To be able to detarmine the efficlency of a chiller it is
necessary to monitor the following parameters :

1) Suction pragsure

2)  Discharge pressure.

3) Pressure drop through evaporator and condenser at
design £lows.

4) Temperature of the water in and out of the condenser
and evaporator.

5)  Electrical consumption (kW-h) and demand (kVA).

6)  Ambient dry bulb tempexature.

7)  Ambient wet bulb temperature.

8) Refrigerant flow.

From the above measurements the following can be determined
{the yeasons for determining the specific parameters
f£ollows):

1) Suctioa pressure, discharge pressure and refrigerant
£lows

1.1 The refrigeration effect of the refrigerant asystem
1.2 Fouling of and

- Y ol ik iy
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2) Pressure drop through evaporator and condenzer @ ' !
j
2.1 Fouling of heat exchange surfaces ;
2.2 Flow conditions #
3 Temperature of chilled and condenser vater K
3.1 Heat zejection performance |
3.2 With 2.2 the total heat tranafer ;
3.3 Part load conditions H
| 4)  Electrical inmput ‘
o |
. 4.1 With 3.2 the C.0.P. of the chiller !
S |
These aystems monitor the net effect of the refrigeration |
S system versus electrical lmput. No monitoring of mechanical i
parts are carried out and 1if the above is according to 1
specification an assumption 1s made that tha mechaniecal {
N equipment is working to specification. ¥
’ {
‘i To narrow the above down te the practiceble minimum and "
RS still to be sble to monitor the chiller performance a !
N simultaneous recording of the following parameters are i
. required ¢ z
. ] !
1) Suction pressure {
Nt 2) Discharge pressure K
) 3)  Dry bulb and wet bulb temperaturés
3 ! 4) Flov aud temperature of the dnlet weter and outlet
water of the evaporator
| 1 ‘
ot The measurement is necessary for the following reasons @ { E
5 )
4 1) Suctfon and dischazge pressures : To determine actual i *
performanca of the refrigeration cireuit
I ’
!
i
B o P $ i ik i pr by et el
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2)  Anmblent temperatures : To determine condensing .
temperature and to be able to compare to discharge
temperatures to see if something is amiss in the heat
rejection cireuit,

3)  Flow and of and water of
N i o aetual and
part load of the chiller

To effectively carry out the above measurements temperatures

(dry and wet bulb), pressures, flows and cooling medium
mugt be and then analysed with an

elaborate methed to arrive at a meaningful answer. .

T The measurements of wet bulb temperature needs a distilled
water source and a minimum air velocity onm the sensing
alement, This 1s very seldom found in commercial
N tastallations.

Because small di in £low
atc. can affect the efficiency of the chiller recording of
- these quantities must be carried to great accuracy to be of

any use in the diagnostic process.

The of and 1s achlevable by
selecting sensors of the required accuracy., Measurement of

flow may be made by venturi tube, oxifice plate, vortex
flowmeter or anmubar. But the accuracy of such & davice ia & i
i
i

. typleally 1 2% which is not really accurate enough for the ;
early prediction of et podnt changes, drift or other :

malfunctions and therefors is a problem without an elegant
solution,

on of f£low, ete 18 not a

feasible solution to obtaln energy usage, because plston
compresaors first unload and then switch off as loads
diminish.

il
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4n indirect way of monitoring chiller performence is to
relate electrical consumption to loading of the chiller. To
do thig with e piston compressor i¢ only Ffeasible at the

e P et e

-

momant a capscity change has taken place, because 1t can be
asgumed that it wss or is now working at full capacity.
Therefore, by sensing capacity changes and electrical ’
consumpticn it Ls possible to compsre to & predatermined i
value at that point in time and 1f the electrical ’
consumption is more than the refsrance value it can be
A ssgused to be o fault situation. !

This indirect monitoring method requires o predetermined
norm to compare with, This value 1s dJetermined when tha
instsllation is new and can therefors be assumed to be the
norm for the specific chfller installstion.

. Ll
. F The inh possible mi lone of this method 1s @ r

1) IF an incorrect get of values are tsken for the asrm ]
J the monitoring syétem is at fault {
’ 2) If a pover dip occurs the energy inflow will be higher ]
and a fault condition will be regigtersd although
everything msy be correct
Ambient condensing condition affects the chiller
performance

e

|

{

4

| To overcome the lset possible wnisinterpretation it ia
i

‘[ posaible to compile a set of valuss for different condensing
;

i

{

|

|

i

)

{

conditions, howsver, this ig extremely difffcult to do with
& chiller in an actual ingtallatdon.

The way chillers are checked for efffciency at present ls to
weagure the varibus pargmeters as described on & wmonthly i
baais and plot the informakion on & graph. Tf thers is a
change or a change in tvend Lt ie¢ assumed that the specific
{, sub gystem 1d out of setpeint: The one aspect this method
H

+

does not pick up ie meckanical weat on valves, seata, etc. »
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The present method te check mechanical wear is to do a
vibration analysis of the installation and to compare the
analysis to the original vibration readiags. Again, present
vibration is compared to oxdginal vibration and differences

indicate wear.

Alr distribution and control equipment

The following has an influence on the efficiency of air
distribution systems : )

1) Pressure drop acrosd Fiter

2)  Duct supply pressure !

3)  Coil outlet conditions

4)  Reheaters

5) Pressure drop across coll

6)  Enthaipy comtrol of free cooling

Different types of air distribution systems react
differently on the above and each type of syatem will have
to be analysed.

7.2.2.1 Coustant volume systems

In & constant volume system the one aspect which can have a
marked influence on efficiemcy is the simultanecus heating
and cooling of the supply air. This situstilon is not nasy
to detect, because the room conditlon, which is a very good
indicator of a malfunctioming system, can still be within
design tolerance und does not indicate a fault condition.

To detect this situstion i1t 1a necessary to semse :
1) Room temperature and humidity
2)  Fresh air and returs air mixture

3)  Coil outlet temperature
4)  Heating capacity in operation

N IUPUR. 1 3 2, . g
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From the above inputs it is again neceseary to do a detailed '
study to vee Lf the situation does ocecur. To wonitor this
sutomatically requires a control system with programmable
steps which check the situation of siwaltaneous reheat and
cooling and when it does occur, check further to see if it
is gdmipsable ox nat. If out of rule sn alarm iz raised.

A3 an example for the above scenario it is neceesary to
programme the controller as follows :

1)  If heater is on is raom temperature too jow

2} 1f room temperature 18 too low situation {3 acceptable
3) £ toom temperature ie on set point is humldity too high
4)  If humidity {s too high situation is acceptabtle

5)  If humidity is on set point fault condttion

The program logic can be extended to inglude 1 Hdpects of
fault condition nsmely f£ree cooling, enthalpy conrrel,
pressure drop atross £ilter, the cooling cycle ete,

Variable volume systems

Variable volume systems compensates for heating requirements
by throttling supply air to a predetermined minimum befors
activating the heater. This interlock is mechsnital and
therefore the above situation is much easier to control.

To develope a monitoring gystem for a varisble volume gystem
the following must be wensed :

1) Enthalpy of fresh alr, return eir end mixed alr to
determine if this asytem is operating corver 1y

"2} Pressure drop acroass filtats

3} Coll outlet condition
4)  Duct static pressure

. 3 e s s e s .
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The most impagtant paremeters Lo check s duct statice
pressure and coll outlet condiiions becavse if duct static
pressure is too high too much air is delivered and if coil
outlet conditions are too low unnecessary cooling is used.

When a supply alr temperacure reset sytem, which is
controlled by amblent dry bulb temperature, 1s used to save
energy under heating conditions this monitoring system
hecomes much mare invelved. Coil outlst conddtions are now

on outside

and the set point of the
free cooling syntem changes with the chiange in coil ocutlet
temperatura. Tiia feature is only in use at low ambient
conditions and if one assumes that this system works
correctly the monitoring system can be disabled during the
operation of this control cycle.

Gontrol Systems

Control aystems whether analogue, digital or pneumatic tend
to drift from setpoint and needs re~calibration at least
onee & year.

It is not pogsible to automatically monitor a control system
component by component, because when monitoring it requires
2 gtandard to compare against. This standard is typically
an accurate potentiometer or resistance which is used in a
meaauring situation against & vroom thermostat or other
sensing elements.

To monitor g control system it is posaible to !

1)  Check {f room temperatures are within design tolarance

2) Monitor certnin key variables to sea that sach specific
value is within design tolerance

3) Monmitor energy comsumption to see if excessive energy
18 consumed to keep an area oa temperature

o e e ————
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Controls are usually checked and calibrated by hand twice a
year. Control designers have gone to great lengkhe to make
checking and calibrating easy by plug in modules and
automatic testing wachines. It still remains a manual
operation, becauge sensors and controllers must be wanually
aimulated and compared against a standard.

TARGETING INSTRUMENTATION

Ideally energy cunsumption of a production facility would be
proportional to production rate. In practice energy

will 4 although net liusarly, in general
agreement with production rate till the production ceases.
At this point energy will still be consumed to maintain
environmental conditions and illuminate the facility. The
maintenance of conditions are amblient dependent.

To attempt a ca:gst. of energy consumption either a prior
knowledge of the energy consumption patteran of the facility
43 known, or an upper limit of money (and therefore energy)
that can be abgorbed by the costing structure of the product
1s knowm.

The first approach 1s the more positive one, because it
tries to Jssume the optimum, regardless of what the costing
structure indicates, and then tries to keep energy
consumption at that level. The second approach Ja not a
positive energy saving strategy, but only a method to
deternine upper limits of affordable ensrgy consumption.

To target energy consumption the followlng variables must be
quantified ¢

1) Production rate : therefore which machines are running

2)  Eavironmental systems : which systems are running

3)  Amblent conditions : time of day, month and ambient
conditions
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Once a target has bsen set from the above inputs a target
monitoring system is required to determime whether this
target will be met. To monitor it 1s necessary to meaaure

and record :

1) Energy of electricty, steam, water and compressed air
flowing lato the factory

2)  Production volumes

3}  Ambient conditions

A first approximation will be to aseune a linear
relationship between production and machinery energy
consumption. This relationship is reasonable for big
production volumes, but it also assumed work in progrees to
be constant. which In & batch type production facility is
not always correct.

The second assumption 18 that as production reduces the air
conditioning energy consumption remain coustant i.e. parts
of the gystem is not switched off. This is in conflict with
the dinitial design because the option to switch off
production areas not in use is built into the system.

The target monitoring on will be
1n the oversll targeting gtrategy which can be proposed as
follows &

1)  Determine production veolumes for the production month
and from this on draw up a on schedule
per production day according to available production

machines.

2) Determine the energy usage of the production machines
at the required volume on a daily basis.

3)  Prediet with £ig. 9 the energy the air conditioning and
other services will use per production day. (This can
be calculated from available average dally temperature
tables).

1
i
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4) Total all daily erergy requirements and then on a daily
basis monitor energy inflow to see if it 38 ualng the
right amount of energy.

5) VWhere energy inflow is dependent on outside conditions
it 13 necesssry to check back with daily temperature to
gee if actual performance is on target.

To do the above the targeting Ilnstrumentation will consist

of energy wetars on on 'y, alr
conditioning installation, steaw flow and compressed air
£low.

The strategy 1is broader than only to control on a dally
basis, the strategy is to predict with available information
what the actual wmonthly enmergy consumption will be,
Therefore after ome day of production the Information will
be very vague, but after three weeks a clear tendemey will
be evident and 'a target car be extrapolated from -the
available figures. The strategy is to try and determiune as
early as possible where problems may arise.

Energy targeting is energy conservation, but incarporates
algo fault detection. The conmcept 1a a team effort and
takes a positive involvement to make it  happen.
Instrumentation to do the above are usually available in a
typical factory and a plan must only be implemented to do
energy targeting.

T
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CHAPTER 8

ENERGY MANAGEMENT:

Energy management is defined here as more efficient or effective use
of energy. This definition implies both management of energy use
and als: management of the cost of energy usually per production

Mt OF OR & time basis.

As described use of energy is controlled by an energy targeting
strategy which in effect monitor daily use against predicted use.
Normally the time span of the mouitoring period coincide with a
billing month to coincide with energy accounts.

Gost of anmergy 1s controlled by optimisation of the tariff structure
and exploiting every possibility available in the tariff structure.
Tha tariff structure is made up of

1) Energy consumed
2) Maxtimum demand kVA
3) Maximum demand during restricted periods

Maximun demand is an integration of demand over a perifod of thirty
minutes. The decision pariod to control maximum demand 1g therefore
less than 30 minutes ~ typically 20 minutes at the most, because
monitoring instruments usually need about 10-minutes to register a
trend, extrapolate the trend to a maximum demand value in 30
minutes, compare it to a pre set target maximum demand and if it
exceeds this value raise an alarm,

In a commercial building non essential loads e.g. chillers, fans,
heasters, lights, lifte etc can be programmed to shed sutomatically
in a predatermined sequence aa the case may be.

D RS P ———
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In & production facility non essential loads form & very small
portion of the overall demand, because the faclility is designed aud
built for production puxpoaes around prosess requivements. In this
facility the shedding of cowplete production areas is feasible due
to the bsteh type production process. This decislion is dependent on
producton programming and cannot be pre-programmed to' happen
automaticaily., A warning period of wup to 20-minutes may be
available and manual shedding of loads on an ad hoc basis 1s
feasible. )

The maximur energy demand management system can consist of a maximum
demand monitor that raises an alarm if the targeted maximum demand
i3 exceeded by the projected maximum demand. The maximm demand
wonitor must measure in exactly the same way as the maximm demand
of the supply authority is recorded otherwise incorrect manegement
of the demand may result. N '

Buring periods of restricted demand co-generztion of own power by
diesel generator may be a feasible golutiom. The potemtizl revemue
per production umit £s not available in this pericd and it is
therefore not possible to explore this possibility. At the moment
the production dsy starts at U7h00 and ends at 16h00 - well clear of
the restricted demand time.

8.1 Maximum demand

The demand of this installation s as follows ¢

Lights 61 kWA
Plant 211 kVA
Alr conditioning (cooling mode only)  205_kVA

TOTAL 477 WA

This electrical demand consists of a uumber of compouents
which then build up to the total estimate and to be able to
control the maximum demand it is necessary to be able to
identify and quantify the components.
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The heat load generated in the air conditioped space from i
production machinery and reflected in rhe alr conditioning "
cooling load {s 96 ¥W. This i3 a civersified load of tha ’
nameplate kW of the production machines. This load |
reflected back to chiller electrical meximm demand is 25 i
WA with a conservative c.ospe of nearly 4 for the chiller i
at maximum ambient conditions. {'

The total cooling ioad at maximsm anbient conditions is 544
kW (thermal) and the chiller electrical maximum demand at
this duty ls 146 KVA which represents 71,2% of the air |
conditioning efectricel dewsnd. The remaiming 59 KVA is !
utilised primerily to distribute afr in the building,
distribute cold water throughout the building and to reject '
the heat through the cooling towar.

B The chiller electrical load constitutes of the following i
components ! :

1) Pracess plant cooling 16,42
'; 2} wcesh alr at meximsm copditions 25,3%
i | 3)  Lights 10,22
ol 4)  People 4,12
1 i 5) Ptoces~ plant Chilled water )
) k requirement 11,1% ]
6)  Struciural loads 82,97 1 !
TOTAL Tow0 on ‘ i
H

The waximym demand of the alr conditionlng system expressed
in VA ig compiled of the following :

H { Move alr and reject hegt 59 kA

Plant coaling . 25 s !
i Fregh air cooling 37 kva H
i Lighting cooling 15 wa |
i Pavsonsel cooling b XVA "
(\ Procass cooling 16 kvA }( .
]} Structural cooling 48 kVA ‘
‘ TOTAL 205 kv ,
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To manage ocaximem demand, which aC between R7~70 and
RL2-00/kVA, is ome of the umoat eritlcal taska in keeping the
energy costs at a minimum, a close control of the above

parametars are required.

1]
Table 3 indfcates the chiller KVA demand on an hourly basis i
for the design dey of each month of the year, To determine '
the other variables the maximim demand 12 made up as |
follows : %

Lights 61 kVA

Producton machinery 211 kVA

. Move alr and reject heat 59 kvA M
e , Chiller 146 kA :

The chiiler demand is determined assuming a 100% production ;
i rate. The maximm demand of the chiller very considerably :
. on a monthly basis even with the other parimeters constant {

ss illustrated in Flg. 11. !

. When production 4s mnot  running at full capacity the

Il following cowponents of the heat load reduce @
1)  Plant cooling 26 kWA
2) Persounel cooling 6 kVA
’ 3)  Process cooling 16 kWA

The maximum demand of the production machlinery will also !
reduce. This reduction has a comulative effect as shown and
1if production areas which are not in use are switched off, a !
saving in maximum demand on the air sovement and lighting i
components are posgsible.

8.2 Tariff structure manipulation

The rules of the tariff structure allews one change of
uotified demand per years If a distinet peak of maximum ' i

it
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demand occurs say in the summer as £ig. 11 indlcates for
this faetory 4t can be beneficial to apply for a new
notified demand just after this peak has ocourred. This
strategy allows much lower minimum kVA demand charges for
periods of low damand than if the actual maximum demand
remains the notifled demand. Unfortunately, 1f fig., 1l is
analysed the maximum to minimum ratio of maximum demand is
0,78 and this strategy will not be beneficial for this
specific factory.

The choice of tariff structure i1s also a controllab}e
variable and the choice is between LV-2 Part, LV-3 Part and
Business and General tariffs. The maxioum demand for the
Esctory 1s calculated to be 477 kVA with a monthly energy
use of 276,6 GJ/month. The cost using LV-2part omounts to
R 6 165~97 and with LV-3part amounts to R 7 107-10.
Therefore, 1t is more advantageous to use the LV-2part
tariff structuve. The additional bonus 4s that no
restricted demand tariff structure exists for LV-2part.

Another option is to use the Business and Genera! tariff of
7,45¢c/unit with no maxlmum demand or power factor penalty.
This optilon results in & monthly energy bill of R 5 72451
which 1a the cheapest solution and should be implemexted.
The advantage of this tariff structure 1s that with this
gtructure energy Ls bought on & fixed cost per unit of
energy basis snd if it 1e clearly apelled out ‘that if a
mechine is not producing it should be switched off a very
easily manageable energy management sytem ean be instituted.

Power factor correction

The above kVA calculations have bean carvied out using &
power factor of 0,95, The powaer factor correction equipment
was installed by the elient and did not form part of the
installation. To incresse power factor corrvection to 0,97,
which 1s the accepted norm for a two year pay back on power

Y T i, Y
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:
factor aquipment, reduces maximum demand by 10 X¥A which : %
represents & saving of R77/month on the LV-2 part tarlff . %
structure and RL20/month oa the LV=~3 part tariff structure. ' B
N Al

Wo savings can be realised using the business and 5eneral»
1ariff and rherefors all the money spent o¢n the power factor
correction equipment ecan be saved 1f the latter tariff
structure is used.

3 B4 Mopitoring

The maximum demand and enevgy consumption was calculated i
using 2 model and varisnces from the model can be expected.
e Close contyrol of energy costs should be kept to see which
- tarif£f structure ia the most beneficlal. Heve, the i

on d the 4 and General tariff option.
Actual consumption may indicate amother  structure.

i influences wust be taken in account. The fluctuations will
1 definitely take the sgame shape as simulated, but the
[ abgolute values may differ. . i

|
'
Cognisance of tha fluctuations of emergy due to keasonal
|

Y % . aailhicilii. b sttt s ik b




g -1

CHAPTER &

FPINANCIAL ANALYSIS

'GOSTING MODELS

To determine whether a proposed system change is
acononlcally feasible en analysis between pevformance and
ccononics must be evaluated on a rational basisd 734},

The moat rudimentary system to use as a criterion is the
payback pertod. The savings are calculated and then divided
into the costs to effect the savings., This then yields a
payback period.

The advantages of the system is that it is easy to
and eagy to lmpl t. The di: ge of this

gaystem 1s that coat of capital and time related costs are
not taken iato account. The lifespan of equipment 1s also
aot considereds

The application of thils type of model s whan payback
periods are relatively stiort i.e. ona to two years and the
economic 1ife of & system ie tenfold the payback period.
Vhen used as a comparison batween various glternatives in a
shurt payback period situation cledr indications of which
alternative iy optimal can be detarmined quite easily.

When the payback period becomes longer sad cost of capital,
interest rates, taxes and equipment life must be taken in
account & more elaborate costing model is required.

A life cyecle cost model can be defined as an economic
avaluation method for d{nvestment alternatives taking i
account the total value of capital, running, waldténsnce and
energy costs over the ecomomlc life of the proposed
alternative. The advantage of a iife cycle costing system
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1s that it can point out if a proposed system will cost more

than what 1t can save or which sysiem saves the most out of
differeat alternative proposed nystems.

The techalque in gemersl use is to apply life cycle costing
and calculate present woxth, This value calculated is the

present value of future payments in terms of present money

values.

The evaluating techniques are :

Life cycle costing of alternatives : Thid is the method
described above.
Life cycle costing of savings : The cost of an alternative

are compared to the costs of an existing installation.

Saving to investment ratio : This ls defined as the ratio of
discounted cash value of savings to discount cash value
investment, This ratic is a value which 1s ‘a direct
indication of economic efficiency of 2 proposal. A value
greater than unity is a cost effective solution. i
Internal rate of return : This represents the expected rate
of return on an investment, The IRR (Internal Rate of

Return) is the correet method to evaluate retrofitting of
systems. Alternatives with an IRR higher than minimum
acceptable rate of return on investments is cost effective.

. Discounted payback : The time period necassary to pay back i
foledis investment in discounted savings. When not

- discounted the method Ls exactly the simple payback period
as described previously.

962 DETERMINATION OF FEASIBILITY OF ENERGY SAVINGS PROPOSALS

The majority of esnergy conservation opportunities have been

listed snd quantitified for potential savings in Chapter 6. I
: To make an economlc agsessment inikial, running and
i maintenance costs must be included o complete the pleture.
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The proposals discussed in Chapter 6 ave listed in table 4
with a life cyele cost calculated in the right hand bottom
cormer. This figure is made up as follows:

Capitai Costs ¢ If money mist be spent it is shown as
pogitive

Energy ¢ The energy savings is shown in the last
line as positive, if there ie a saving
it fg Faducted from che capital and
maintenance cost as a posicive infiow of
money.

Maintenance :  If momey must be spent it is shown as
positive

Life cycle cost:  If posiirive, momey mast be spent to
carry proposal through economic life and
15 therefore not feasible. If negative,
the {nflow of money offset the outflow

and s therefore s viable proposal-

The capital costs, =nergy costs, maintenance cost, life span
of proposal, pre tax discount rate, escalation of energy
costs and malntenance costs and tax rateé is listed in the
print out.

The proposals are as follaws :
1) Solar reflection film : The removal of windows and

replacement by Solarshield were ust considered bacause
of the disruption te¢ production. The cost of the solax

filn 4s RI5-50/u° and the fLnstallation d4s an

additional cost.

The payback pertod 1%9 =13, § years

The life cycle cost is R 1 284,23

I
]
{
1
1




2)

3)

4)

5)
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The 1ife cycle cost Js positive and therefore not
viabla.

Lights : The replacement of ordinary lights with high
effielency lights 1s part of nsormal maintenance and &
very small amount of capital costs and yearly
meintenance can be attributed to the proposal

1005
573,83

The payment period is = 0,63 years

The life cycle cost is =R 5 593,62

Both financial models show a strong induication of
yiability and should be Lncorporated.

Speed comcrel ¢ the &peed regulation of fams o
regulate flow through filiters end to improve efficiency
at low turndown ratios for variable volume systems show
the foilowing results

350
The payback period 1s Sgmoy. = 12,2 years

The 1life cycle cost s + R 10 346,89

If the capital cost of R35 000 reduces by R 10 346,89
the life cycle cost 19 zéro and just viable.

The payback pertod then changes to 2§e23tl = 5,6 years

People : To control the access of non working people to
the air conmaitioned area will save R 70,58 per person
over a period of 20 years.

Duct leakage : The capital cost that can be spent te
make this proposal break evan is R 7 533,24, To carry

s
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out this proposal after the dinsulation has been
installed ls virtuslly imposaible and should have been
considered during construction stage. Retrogpectively
it fs difficult to decide whether it could have been
done for the amoune of money shown above, but is seems

questionable.

Condensate recovery : Intultively the recovery of
condensate feels as if it should be viable because most
of the steam installations return condensate to the
boiler.

6800

8
The payback pariod ts T3,

“ 55,4 years

The lifecynic cost is R 6 309,26, Both models show a
very stiuay indication of unvisbility. The roason for
this 4s the cost of energy and the expemsive system

required to return the condensate.

ejection of dehumidified heat : The propesal to reject
heat with a cooling tower to temperatures just in
excess of wet bulb anmblent temperature soems &
questionable proposal due to the 4 to 1 C.0.P. of the

vefrigeration systems.
18000
The payback period 1s gyzeysy = 2,9 years

The 1ife cycle cost is - R 21 021-15

At  break even point the capltal cost of the
installation can be R 39 021-15.

Thia then givea a payback partod of 0Zedd u 6,3 yaars
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ENERGY STORAGE

Shilled Watar Storage

To avoid maximum demand charges 1t Ls feasible to generate .

the cooling requirements during the night and store the cold
water dn a tenk. In the day when the production processes
atart the chiller is stapped and the stored chilled water is
used to cool the building. WMo energy is saved, in actusl
fact enexgy i3 wasted due to prolonged periocds of time when

conduction end other losses can take place,

The saving is made by reducing the maximum demand by not
using the chiller and cooling towers when the production
machinery 1s in operation.

Various alternatives exist to store the energy. The energy
tan ba stored in the- building structure or f{n a tank with
water oY in a tank vhere a phase change of cooling wedium
takes plane.

The energy atorage in building structute L of no commetcial
use for a production facllity whare exact constant
temperatures must be maintained, because the starage in the
building structure integrates over time and temperature
drifr occurs when the energy available becomes exhsusted.
This method {3 available for comfort cooling.

Chiiled water stovage can be carried outr by hevisg two
worage toaks. The ona tank will store the cold water,
while the other tank vwill otore the warm water. The
temperature differential between  the two tanks will be
approximately ¢ °C to 10 °C depending on cooling ebil
galections. In the morning the cold tenk will be full,
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while the warm tank will be empty, As the day progresses
the cold tank will become empty, while the warm tank will
£i11 up. The disadvantage of this system is the cost of
having io effect one empty task at all times.

The hot and cold tanks can be combined by drawilng off cold
water at low level at the one end while returning hot water
at high level at the other end. The method relles on the
density difference of water between eupply and return
temperatures. Some mixing and therefore energy loss will
happen at the interface of the c¢old and the hot water. OCne
method of controlling this blending 1s to install baffles in
the tank to make the interface area as small as possible.
The gystem has been developed wheraby a rubber membrane is
installsd between the interface and this membrane floats up
sud down as the told or hot well increase or decreasa.

If the hourly cooling load of the buildieg is analysed
5311,4 kW cooling hours per day {s needed to %eep the
building on temperature. If it is assumed that the building
will be used 10 hours per day plus two hours which must be
resgrved for the limited demand period & total of thirteen
hours per day remain for generating the cold water. 4 total
of 5311,4 kW/hr cooling must be generated over a period aof
twelve hours, 1f a temperature drop of 7 °C is attainable
over the cooling colls theé tank must be able to hold
653,5 o° which, if a depth of 4,56 m is used, results in a
tank with dimensions of 12,7 x 12,7 x 4,54 m. The chiller
can be a little bit smaller, because it can generate the
cold water over & period of 13 hours instead of 9 hours,
The cooling load has been averaged out and tae unit i
therefore not sized on peak demand. The advantage of the
system 1s that it 4s still a couventional chiller
ingtallation except for delivering cold water to the cooling
coils it is delivering cold watet to a big stovege tank,
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Ice Storage

In the early days of refrigeration plants vhere f{ce forming
end later melting of the fce was extensively used It was
applied bacauge chiller plant capacity was foo swell to cope
with refrigerstion loada. When chiller plant improvaed and
became swmaller the concept disappeavsd because of the
sddirionsl complexity and bulk of the plant.

The adventsge of ice storage is that by utilizing the phage
change batween ice and water much smal!et' storage volumes
are naeded to store the lce. However, a few technical
problems do exist. Ice can be produced in cubes, flakes or
by forming an ice jacket around cooling pipee. During the
day when the ice must give up its energy to the water the
ice water mixture wust produce cold wster at the vighk
temperature and ab the correct rate. lee i water tend to
gtick together so some sort of agltatiocn must be employed to
keep ice surface sred open for heat transfer.

One commarclal system is available which freezes a water
spray in a sheet of ica on a plate heat exchanger. When the
ice sheet is approxwimately 10 mm thick the coil is used ia
the defrost mode. The hot gas melts the surface batwaen the
place condenser and the gheet of {ge. The aheet of {ce then
drops in a resévolr from where hy pumplug water over the lce
cold water can be drawn off. The forming of ice lumpe g
still a problein, but has been solved by bdreaking up of fce
and the condition of the ice before it is put in the
regervolr. The sdvantage of this system is that the C.0.P.
te in the region of 3,3 which 1s better than the following
system.

Another commerefal system avallable forms {ce sxound the
condenser cooiing pipes. This system {e¢ also commercially
available, but e few disadvantages alao sxist. TIce 15 an
ingulator and to conduct cold through a4 layer of fce needs a

« . T i

e Tt vt
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big dd and very low suctlon

temperatures. This results in a coefflclent of performance
which, for normal air conditfoning applications is in the
vegion of &, draps to 2,2. The chiller plant in itself also
becomes much bigger bacause of the increased differentials

between suction and delivery pressures.

The ice plant is therefore not so practical and advantageous
as it looked, but for gaving on maximum demand charges it is
a definite solution, bacause again, the cost of additional
energy consumed is low.

For the specific choice of tariff structure il.e. business
and general the shifting of maximum demand fom the chiller
iostallation to uight operation has no benefit, because
maximum demand does mnot feature in the tardiff structure.
Where a maximum demand is part of the tariff structure this
storage concept is a viable alternative with a payback
period of 3-years.

At the moment an alternative to lce is being developed which
is an ice solutfon in a transport medium which does not form
big lumps of ice. Unfortunately this alternative is atill
betng developed and very few technical detaills are available.

When motre nuclear powered electricity generating stations
come on stream the inability to reduce demand during night
tive will force BSCOM to subaidise energy storage systems to
keep the minimum demend required om the nuclear powar
station.

This alternative although at First not a viable altenative
may become a viable system in the future.

e . )
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CHAPTER 10

CONCLUSTONS 4

The objective of this report is threefold:

& 1)  Analyse the present [Factory design with regard to

energy consumption

2)  lInvestigate oppovtunitles where energy could be saved
and cost the energy saving cpportunities for financial
viabllity.

3)  Optimise the energy tarlff structure and propose an
energy mwonitoring and targeting system as an input to

an enérgy management system.
10.1  Present installatton

The present installation includes the varlables of the
building envalope, the process, the process requirements and
the buildiug services.

1)  Envelope

e The factory has been designed to be energy efficient
s according to the South African pevception of emergy
efficiency. The building surpasses the ASHRAE 90
requitements on the thermal resistance of the walls \
L and are within 3 % of the requirement on the thermal
reslstance of the roof.

By improving the building fnsulation it is possible to

i save more energy. However, it i1 difffcult to Y
! quantify the optimum insulation and when insulation
] values are within practical reach of international ;
§ tequirements other aspects, for example sun control of b
1 windows should be investigated to curtall external !
i heat gain. :
| P
|
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Process and Process Requirements

The pharmaceutical manufacturing process was obtalned
from Creat Britain as a fully developed process
package. Absolute adherence to this process
vequirements were observed at all times, No
variations vwere investigated to accommodate local
energy saving possibilities.

The process environmental requirements of air
velocity, hualdity, temperature and return alr patha
were also specified as rigld requitements and within
the specified tolerances were strictly adhered to»
HEPA filters are a standard requirement for the
control of airborne contamlnants in this type of plant
and, although energy can be saved by omitting these
filters, this was not investigated.

Building Services

The biggest user of energy Ls the air conditioning
aystem, Separate air handling units have been
installed to cater for aveas with «ifferenc and
specialised environmental vequirements. This was done
to allow flexibility in production echeduling and to
prevent Yy energy when the

properties of the supply ailr must be thanged to suit
the spectfic requirements of an area.

The other services, namely the t lecticical
reticulation, the compressed alr installation and che
steam installation have been designed to current South
Africen standards. Deliberate wasteage of energy
takes place with the dumping of the stesm condensate.
A life cycle costing axercise tas been carried out to
determine whether it is ecomomical to return this
condensate to the boiler.
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Energy Consumption

The energy consumption of this facilty was simulated at
100 Z production capacity for an opevating year. The
simulation was cartied out by computer usimg the ¥CC III air
conditioning simulation programme. An analysis of a design
menkth was repeated for twelve months of the year to arrive
at the yeary cooling requirements.

Chiller performance at part and full load was determined by
hend on an hourly basis. The dehumidifier performance was
also determined by hand om an hourly basis, because being
specialised equipment, was not incorporated in the computer

programue.

The performance indicator for the complete factory is 1,666
63/ per oper.ilng year and without production machinery
amounts to 1,059 GJ/m2 per operating year. The operating
year has been calculated over 2 400 houzs.

Energy conservation opportunities

Only enargy conservation opportunities which do not disrupt
production or affect the hygune conditions of the plant were
tnvestigated.

The opportunlties investigated the savings, the payback
periods and the life ecycle costs are as fallows:

PROPOSAL ENERGY SAVING | PERIOD cosT* VIABILITY

ELECTRICAL PAYBACK | LIFE CYCLE

(6J per year) | (years) | (R)

Solar film on ex- 12,51 13,8 1 284,23 o
ternal windows to
reduce solar ra~
di..tion

Fiteiog of energy 76 0,62 | =5 593,62 Yes
efficlent lights




10 - 4

1ELECTRICAL PAYBACK | LIFE CYGLE
PROPOSAL [ENERGY SAVING | PERIOD | COST* VIABILETY
(GJ per year) | (years) | (R}
Fan speed control 138,47 12,2 | 10 346,89 No
Duct leskage 78,219 8,8 -R33,24 | Mot as &
retrofit
Condensate reclaim 136,817 55,4 6 309,26 Ma
to boilerhouse
Debumidifier heat 965,76 2,9 {-21 021,15 Yes
removal with eva-
poration

*) Negative LCC {xdicates finsncial viability.

Proposals also  dov

£ollows:

estigated, bul

t which were unsuitable, are us

WASTE ENERGY*

PROPOSAL (67 PER YEAR) REASON FOR UNSUITABILITY
Reclain of alr con- 2 840,40 [Available as heat at 50 °C max
ditioning rejected and only when plant is running.
heat Quantity diminish as ambient

temperature reduce.
Reclaim of exhaust 0,49 | A very small amount and only
air heat {sensible) |[available when the plant is run~
aing.
4,6102 Involves humidity which can not
(latent) be sensibly veclaimed.
Reclaim of energy 965,76 Heat available at 43 °C max and
from heat wheel only <hen plant is in operation.
Optimal starting ot quanti~ |An optimel starting time device
time for chiller fied for the chitler is unsuitable for
this factory, becausa moustura
atorage and not thetmal str:
is the governing ; .meter.
% . s i
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WASTE ENERGY™ REASON FOR UNSUITABILITY

PROPOSAL (GJ PER YEAR)
Chiiled water or nil Not Lnvestigated because the opti-|
ice storage mum slectricity tarlff proposed
does not take maximum demend in
consideration.

# Partially recoverable only

10.4 Optimal purchase of electrical emergy

The theoratical caleulated electrical energy comsumption is
276,6 GJ/month and the maximum demand is 477 kVA. In terms
of the 1984 tariffs the above tariffs are applied the
monthly enargy costs avetl

2 Part Bulk Low Voltage RE 165,97 p.m.
3 Pazt Bulk Low Voltage R7 107,10 pem.
Business and Ganeral RS 724,51 p.m.

Therefore it has been recommended that the factory use the
Business and General tariff structure. This tariff does not
charge for maximum demand 1a KVA or restricted demand
therefore no power fgctor correction or off peak gemen.tion
of ¢hilled water can be recomuended.

10.5 Energy wonitoring and targeting

The monitoring philosophy hae been designed around a
[ by exception .

To monitor individual systems for inefficient use of energy
o the following strategies could be used:
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Functional Group

Monitoring Strategy

Chiller Cooling Tower

1) Obtain benchmark electrical
consumption figures when
installation ig new and
commigsioned.

2) Compare actual electrical
consumption to benchumark
values when chiller fa
expected to delivar exactlyl
the same amount of cooling
napacity.

[Congtant volume sir distri-~

bution systen

-

Senge room temperature, hu-|
mldity and {f reheater is

o

If heater 1g onm check if
temperature ia selow get-

~

point or humidity is above
setpoint.

3) If temperature is within
setpoint range them humi-
dity must be above setpriat]

range.

4) 1f hunidity 1s within set~
point raung then a fault
condition should he indi~
catad,

il
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Functional Group Monltoring Strategy
artable volume air distzi- | ) Semse room tempetature,
bution system duct statlc pressure and

supply ailr temperature.

2) Lf any of the above is out
of setpoint range then a
fault condition should be
indicated.

The monitoring of the chiller could be achieved by measuring
refrigerant flow, suction and condensing

but a flow measurement device creates losses which wastes

energy.

On line mouitating of alr distribution systsms, because of
the simultaneous measurement of up to five parameters as
indicated above needs programmable logle controliers or a
computer te indicate a fault comdition.

For effective targeting of energy consumption the following
method has been proposed:

1)  Energy consumptios should be compiled on & mouthly
basis by totalling the energy consumption of the
production days in that mouth. The energy comsumption
of a production day could be compiled from expectsd
smblent temperatures using £ig 10 p. 5-13.
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On a daily basis an adjustwent to the targeted figure
gshould be wmade to compensate for actual ambient
temperatures also using f£ig 10. When variances in
production volumes occur an adjfustment to the targeted
Pigure should be made taking in account the enersgy
consumption and the heat generation of the production
machines not in use.

The actual daily energy consumption should then be
compared £o the targeted energy consumption to detect
inefficient wuse of emergy or malfunctioning of
equipment.

The above targeting strategy has lavgely been based on the

velationship found between ambient temperature apnd coeling

electrical requirements which was derived from a theoretical

simulation of cooling loads at 100 % production capacity.

This

relationship should be verified by comparing actusl

plant electrical consumption against ambient temperaturss.

Production volumes should also be quantified fn terms of

energy usage a8 an independent variable of the temperature

versus electrical zooling requirement relationahip.
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CHAPTER 11

RECOMMENDATIONS FOR FURTHER STUDY

This report should he followed up by determining the Performance
Indicator of other production faciliries to butld up & data bank of
energy consumption figures for wvarious typea of production
facil -les.

Other plants should be researched in depth to determine energy
conservation opportunities. 1

The need for more knowledge in energy consumpt: - wrediction exiets
and predictive relstionships e.g. the relatiom: between ambient

tuuaperature and cooling electrical energy n or other
relationships should be formulated.
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