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ABSTRACT

This thesis is on the design of the building
services requirenent of a dairy plant. |Investigation
of the engineering services problens of four existing
nediumscal e dairy plants at Kaduna, Funtua, Jos and
M nna showed that the greatest problem of the dairy
I ndustry is sanitation, and the building services
requi rement being: Water (cold and hot) services,
sewage di sposal, Refrigeration and A rconditi oni ng.
The work therefore tried to opti mze the design of
t hese services based on production capacity of
18,000 litres of mlk products per shift of 8 hours.
Factors considered in the design included the nunber
of people that work in the plant, the processes
that the mlk products undergo in the industry which
determne tenperatures of the various roons, the
hot and cold water demand the nature of wastes and
waste treatnent, and the refrigeration capacity.
The work investigated pipeline and insulation
probl ens and specified materials and sizes. The
production capacity and processes determned the
machi ne and equi pnent specifications. This in turn
determned the plant |ayout and nanpower requiremnent
as shown in the organisation chart. The buildi ng
services were then designed to suite the plant
| ayout. Detailed designs of the plant |ayout and

these building services are shown in Drawings 1 to 6
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(folded and attached at the back cover). The various
conponent designs are illustrated in figures 1 — 43
The design of the storm drai nage systemis based on
the severest rainfall intensity in Kaduna as shown

in tables 4-13 extracted from the Agro-Met eorol ogi cal
Bul l etin of N geria (1980-1983).
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CHAPTER ONE
1. INIRODUCTION

1.7 Background

1.2 Need for the Work _

1.3 Objectives of the Design
1.4 Methodology

1.5 Technology of Milk Produetien

- 1¢1 Background

The building services requirement in the dairy
industry is a funetion of the nature of the dairy
products, the raw materials, the processes and the
sterility of the environment required to produce
then, But the scope of the design depends on the

production capacity for any particular product,

1.2 Need for the Work

Milk serve as a very nutritious food, In the
past milk was consumed fresh and after fermentation
as 'yoghurt', But it was not possible to consume all
the milk in these forms with the result that so much
milk resources was ceither not fully exploited or
wasted. To guard against this, it has become necessary
to find other ways of consuming milk, storing milk
such 2s cream cheese, butter, curd and whey or

converting into some industrial products such as



easein preducts, paints, plastics, bristles and
cosmetics, So much work has been done in this
direction that both the Federal and State
Governments of Nigeria and enterpreanueres alike
have develeped tremendous interest to invest in
the dairy industry. The extent to which this
purpose (the purpose to fully exploit milk
resources) can be achieved and the quality of the
products depend on the efficiency of the building
services, Hence the n eed to design an effective
and efficient building services system for the

industry,

1% 3 Objective

The objective of this work is to investigate
the problems of sanitary and mechanical services
system in a Dairy Plant with a view to proposing
an optimal design that will minimize these

problems,



1.4 Scope and Methodology
This work is limited to designing the building

services requirement of a2 medium scale dairy plant
in the northern states of Nigeria., Investigation
of the services problem was therefore limited to
four existing dairy plants at Kaduna, Funtua, Jos
and Minna, The methed of this investigatisan being
by questionnaire, visits to the four plants and
interviews with the production and services managers
of these plants. Through these investigations, the
adequacy of the building services system as they
existed was assesed; and an optimal design is then

proposecd.,

1.5 Techinology of thc Milk Production

The iirst requirements in the production of milk
are healthy, clean cows., The processes through which
milk should undergo can bec presented in the form of

flow chart as fyllows:



Chilling (4=-10°C). The milk collected must be cooled
immediately and the termperature maintained

until processed,

Clarification (filteration). In this process all the

foreign sclid bodies beyond the size of 0,3

micron are removed.

Standardization., The fat content is increased to 3,5%
for pasteurized milk through evaporation or
to 10,5% for Yoghurt through evaporation

and/or addition dry milk powder,

€S

Heat treatiment (including homogenization - breaking
(11-75°C)
down fat globules from 3mm to 0,02 = 0.3
micron,
N
Cooling to storage temperature or for futther heat
treatment (ultra heat treatment) ranging

up to 150°C.

In order to produce Yoghurt, 4% starter culture is
added to the pastcurized milk and allowed to incubate
at the temperature of 40-45°C for 2-3 hours. After
incubation the product is cocled at low temperature

below 10°C.



Yoghurt needs the higher solids content, Hence
skim milk is necessary. In fresh milk solids content
is about 2,5% but for Y- ghurt making solids content
of about 10,5% is necded. It is important for the

solids content to be high for the following reasons:

1. It improves the consistency of the product,
2, It provides more of the sugar (Lactose)
for tne fermentation process.
3. Stability will be enhanced both during
storage and transportation,
4. It prevents or minimizes whey separation

in the final product.

Hence 1-2% skim milk should be added to the full

cream milk for the production of y»ghurt, Milk

produced under rigid sanitation practices is labelled
tcertified milk', The '"Long Life' milk usually undergoes
an additional process of ultrz heat treatment to kill

all bacteria present.

Creai: iz tne sweet fatty liquid obtained from
the centrifugal separation of milk. "Curd" is a thick
substance which sepsrates from milk when mixed with
acid and the watery g ri. ol the curdled milk is
termed "whcy' whereas Ycheese" is a nutritious milk
product that is usually made from curds that have been

concentrated and ripened. Its high protein content



makes it an excellent low-cmst substitute for meat,
"Butter" conotes the fatty product that is made from

cream by churning.

"Buttermilk", byproduct af butter making,
contains about 8,5% ar more ~f the selid non-fat
(SNFs) and a small part of the fat last during the
churning process of butter making. |

Skim milk refers to the non~fat milk that contains
all the nutrients present in ﬁilk except fat.
Depending on flavouring strawberry milk drink or
choceolate milk drink could be made{_ "Iee ‘eream",
a produce that may confain a variety of ingredients,
is essentially a frozen product made frem eream and
sugar, with or without a natural flavouring and

stabiliser,

1.6 Aseptice Productien of the Dairy Products

As alreazdy stated in section 1.3 of this work,
high level hygiene is important in the production of
dairy products. These products are low acid foods
eni 8o vulnerable to rapid growth af bacteria,
yeast and moulds, Hence they should be aseptically

handled, pasteurized or sterlized.

In sterilization processes, the product should

enter the sterilizing equipment at a temperature of



L to 7°C and is subsequently heated to sterilization
temperature, In Nigeria, the Food and Drug
Administration Division of the Federal Ministry

of Health specifies the sterlization temperature to
be in the range of between 135YC and 150°C. See

fig. 1a, Subsequently the product is rapidly cooled,

usually down to room temperature,

Definition of pasteurized milk is related to a
time/tempercture treatment. To comply with the legal
requirements in the country, pasteurized milk has to
show a2 negative phosphatase or a negative peroxidase -
test, Pheosphatase and peroxidase are enzyme systems
present in milk, which ére inactivated by a time/
temperature combination slightly above the one
necessary for killing mycobacterium tuberculosis,
Mycobacterium tuberculosis Is the most heat resistant
vegetative disease-causing bacterium. These tests are
an indication of sufficient pasteurization from the

public hezlth point of view.

Furthermore, pasteurized milk should show a

positive outcome of the Aschaffenburg test (fig. 1b).

The milk proteins may be seperated into whey
proteins zand casein, In raw milk, whey proteins are
native. Those oroteine mav ha Aenatured by heat

treatment,
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Fig, 1.b: Aschaffenburg Test



The process of denaturation of whey proteins
implies a physical change only: the soluble whey
proteins are turned into an insoluble state., From
nutritional point of view, this process does not
result in any losses, on the contrary, certain
indications are available indicating a better
digestability of the denatured whey proteins making
them easier available to infants, elderly persons,

and persons suffering from stomach problems.

Pasteurization treatment should be gentle
enough not . to denature the whey proteins,
Consequently, the Aschaffenburg test should be
strongly positive, indicating the presence of native

whey proteins,

One of the differences between "in-batch
sterilization" and "in-flow sterilization"sis that
all whey protein is denatured after in-batch
sterlization", while "in-flow sterilization" results
in a partial denaturation only, i.e. a slightly
positive Aschffenburg test.

Ultra teat treatment (UHT) milk has been
subjected to in-flow sterilization and has a shelf
life of at least four weeks at room temperature.

It should show a positive outcome of the Aschaffenburg
test, "In-batch sterilized" milk is defined as a
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product which is free from living bacteria and which

has a negative outcome of the Aschaffenburg test,

\ All"in-flow sterilization" equipment must have
a pre.heating zone where the temperature of the

product is raised to about 75 to 80%, (Fig., 2).

|
*.'C. .,__+___*_“______J.
150
|20 - // \
90 .
to ,,/ o A 2 _‘ -
| SN _
20 N 5 ! T i
1'-—_“ ._,i.____...._.__-._—--I—_—-——p--—-——-l-r-.—---!--—--:lo . -
ler D] {1 (% £ ‘s 2 .
A X I (> — 'L!"h& (\SQC&A#’&‘)

Fig 2:° Indirect Working UHT Plant:
Yemperature/Time Dineram

In plate heat ex~=l.~nrgers .h2 product is homougeniz-a
at this scar. , and then further acated to sterization
temperature, It pessces a hiolding cell and is coulad

down to filling teuperature.

In Nigeria today, the Food and Drug Administration
a department of the Federal Ministry of Agriculturc makes
a legal distinction bétween three milk productss
pasteurized milk, long 1life milk and sterilized milk,
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Pasteurized milk is defined as milk which has
been subjected to one of the following heat treatment
processes all of which gives a negative peroxidase

and/or phosphatase and a positive Aschaffenburg test,

1. Long time pasteurization: 63°c, 20-30 minutes

2. Short-time pasteurization: 7200, 15 minutes

3. Flash pasteurization: 85° . 95°c, a few
seconds to a few

minutes (_ 2 minutes)

Sterilized milk is defined as a product which has
been heat treated in a hermetically closed containcr,
which is free from living bacteria, and which has been
subjected to a heat treatment sufficient to render the
product negative as far as Aschaffenburg test is

concerned,

Long life milk is defined as a product which has
to be processed in the ultra heat treatment (UHT)
equipment, The heat treatment is to be in the rangh
between 135 and 150%%,

The product is to be packaged in a pre=-sterlized
containers which should be light-proof. The packaged
product should have a bacteriological shelf-life of

at least six weeks at room temperature,
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CHAPTER TWO

PLANT DESIGN

2.7 Design Requirement

The design requirements for an aseptic process based
on conventional milk products line can be summarized

as follows:

1. Tanks, pumps and valves of aseptic design

2, Cleaning-in-place (CIP) systems permanently
commected to the plant.

3. Automation of production as well as cleaning/

sterilizing.

2.2 Aseptic Design

All tanks should be of aseptic design with double-
sealed agitator cleaning-in-=place (CIP) nozzle and
hermetically sealed cover, Throughout the process,
the tanks should be slightly pressurized with sterile
air supplied by the compressed air system provided with
filters for the removal of bacteria and bacteriophages,
As an alternative to the sterile air (pressurized
system), the banks can be fitted with sterile filters
(non pressurized system) for respiration to the
atmosphere. The bulk starter tanks are eguipped for
the aseptic transfer of starter to the incubation tanks,
The equipment is designed to withstand 150% and all
shafts are fitted with double seats, To avoid
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infection through the valve stems, the stems are

sealed by a membrane of reinforced rubber,

2.3 Cleaning-in-Place

To safeguard further the high quality of the
product, it is important that the entire plant can
be cleaned and sterilized from time to time, A closed
circuit cleaning=-in-place system makes it possible to
achieve consistently good results, The cleaning cycle
is controlled by a programming unit incopporated in
the control panel, A separate sterilization phase,
controlled by a time-temperature.programmer, guarantees

effective sterilization.

2,4, Design of the Cleaning-in-Place (C.I.P.) System

The cleaning in place system ensures that all pires
utensils and heat exchangers are always aseptically clean
This is achieved by circulating a detergent through the
units and finally rinsed with water, The most suitable
detergents being sodium hydroxide (NAOH) for pipes and
utensils and Nitric acid for the heat exchangers, It
is economical to recycle the detergents many times
before thrown off, Hence it is necessary to rinse the
system first with hot water be washing with the
detergents and finally rinsing with water. This is
best achieved by incorporating with the design control
valves and pump as shown in fig, 3. The tanks and
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2.5 Mutomation

The aseptic plant requires a certain degree of
automation in order to ensure aseptic conditions and
effective cleaning., The whole process must be
sequence~controlled and operated from a mein panel.7
Yoghurt produced under aseptic conditions still
contains a living Yoghurt culture. Undesirable
microrganisms have either been killed off or excludcd
from the product. If the Yoghurt is then packaged
aseptically, a shelf life of ;-6 weeks (stored at

below +8°c} will be assured,

2.6 Plant Layout

The plant layout is as shown in Drawing 1. Space

alocation is made up as follows:

Cold store - 162 m2
Store - 18 m2
Boiler room - 72 m2
Paper store - 36 m2
Spare parts store - 18 m2
Ante - 72 m°
Workshop - 72 m2
Ice Cream Freezing Score - 108 m2
Fuling room - 36 m2
Toilets -}h32 m2

Milk processing room 162 m2



W

Ice Cream processing room = 14k m®

Powder store - 108 n°
Recombining room - 72 m2
Reception -91,.8 n°
Passages - 108 m2
Offices - 72 m2
Laboratory - 18 o
Main Switch - 72 m°
Cooling Equipment and 2
Chilled water tank room - 72 m

Total A'ea = 1945 m°
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CHAPTER THREE

WATER SUPPLY

3.0 Background

The foregoing discussion on the nature of the

Dairy products and the technology of production has

shown that water services (hot and cold water system)

constitute the most important engineering service in

the dairy industry to achieve both the required high

level hygiene and the aseptic production itself,’

In this work, water supply shall be treated under

the following sub-headingss:

(a)
(b)
(c)
(d)
(e)
(£)
(&)
(h)

Source of Water Supply

Water Demand estimations

Well Design

Design of the Water Treatment Plant
Pipe Line Design and Problems
Distribution of Water (Cold)
Distribution of water (llot)

Steam Demand

3.1 Source of Water Supply

The plant is to be supplied by both the local

water mains, or by its own two bore holes when the

local mains fails to supply. The local mains supplies
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direct to a second elevated reserveoir Just abave the
roof top, while the primary elevated tank is supplied
by the two bore holes. Each of the bore holes is 170m

deep., A suitable supply arrangement is as shown in fig 6,
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NOTES ON FIGURE 11

XX =Indicate Boarder of the premises

@ =Diameter of pipes

”1' ”2’ W3, w9 -Points of water supply for drinking,

production or for toilet use

H1, Hy H3 ~Points of water supply for watering

the gardens and car washing.,

A /'\:
'tj?#'r> ~Indicates non return valve
(;Zf;> -two way velve
B, and B, -Boilers
w9 -Point of water supply to the water

drilling plant., Details of the
chilling plant will be described in

refrigeration section of this work
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Notes on Figure 6:

A: Preliminary treatment includes:
i) Aeration
2, Filteration

Fige 7 1llustrates preliminary treatment.

B: Final treatment includes injection of calculated
dosage of chlorine gas, Fig 7 illustrates the

chlorine plant,

C: The water going to the boiler has to be softened
to avoid scaling. Softening is achieved by
injecting calculated dosage of Na3 P03 and
filtering,

Q=12.,5cm = DNDiameter of inlet and outlet
s>ipe of the submersible pump,
The calculation is from:
Q = VA = 2,58 m>/mm
take V = Lm/sec

A = Q 2
= 2,58 = 0,01075mm
v I x G0

2
l.e. ‘IZ&E- = 107.% cm2

or D 'JT_G'%E = 11.7 cm

The nearest galvanized steel pipe to this is ¢ = 12.5 cm

e V = 2,58 x L x 60
T x 10,0125)° = 3¢5 m/sec
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3.2 Water Demand Estimations

Specifications of the pumps, water tanks, boilers

and pipe network depend on total demand of water,

This work takes as basis, a production capacity of

18,000 litres of milk products per day, This level of

production requires (see appendix):

(a)

()

(c)

(d)

(e)

(f)

(g)

10 (ten) administrative persons

@ 30L/day = 300L;

55 (fifty five) factory workers
@ 90L/day = L950L

Laundry capacity of 150kg/day
@ 3CL/kg = L500L

Garden Waterinec (2 hydrants of #L/sec)
assuming L4 hours of operation we have

2 x (4 x 3600 rec) x 4 L/sec = 1L400L

Car washing

10 (ten) small cars per day

@ 300 L/ecar = 3000L

3 (three) big vans per day @ 900L/van = 2700L

Floor and exte:nal part of machines washing
(2566 mz) @ 32 litres per square metre
32 x 2566 = 82,112L

Production (technological) water (18,000
litres of prodict) @ 7.5 litre of water/litre
of product

Total DEMAND PER DAY = 24,6962L = 246,96 m-
135,000L
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Assuming 1 shift = 8 hours

Average output of water per hour

= 2169621

= 30.87 m°
Peak demand = 3 x 30,87 = 92,61 m3/hour

(Peak factor = 3, assumed)

3.2.,17 Deep Well Delivery (Pumping Rate, g )

It is desirable that the bore h>le pump is
capable of delivering in one hour the peak hour water
demand of the plant, This means that the total pumping
rate of all the bore hole pumps (ﬁ,) mist not be less than
92,61 m3/hour.

i.e. i _{‘_ 92.61 '113/1:

or Q, Z 1,544 m3/m1n.

3.2.2 Reservoir and Pumping Cavacities Estimations

It is desirable that the water reservoir should
contain about 5 days water demand. This means that the
reservoirs should have a total capacity not less than

1234 .8 m3.

A capacity of 12h0vm3 is therefore considered
good., It is also required that each of the bore hole



pumps is capable of pumping full the reservoir in
one day working for a total of eight hours,

S Pumping capacity (Q) = lggg m3/hour
= 12L0 3
= m” /min

Q = 2.,5833 m3/min

3.2.,3 Well Design

A well can be seen as consisting of two
parts: (1) the conduit portion of the well, which
huouses the pumping equipment and provides the
passage for the upward flow of water to the pumping
intake, and (2) the intske portion, where the water
from the acquifer enters the well, In consolidated
water bearing materials, the conduit portion is
usually cased from the surface to the top of the
acquifer, and the intake portion is an uncased open
hole, In unconsolidated acquifers, a perforated
casing or a screen is required to hold back the water
bearing material and to allow water to flow into the
well, |

The depth of a2 well depends on the anticipated
drawdown for the design yeild, the vertical position
of the more permeable strata, and the length of the
intake portion of the well.
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The Well size affects the cost of construction
substantially, Tne diameter of the Well is ogoverned
by (a) the proposed yield of the well, (b) entrance
velocity and loss and (c) the method of construction,
The controling factor is usually the size of the
pump that will be required to deliver the design yield,
The diameter of the casing should be two norminal sizes
larger than the size of the pump bowls, to prevent the
pump shaft from binding and to reduce well losses.
Table 1 gives the casing sizes recommended for various

pumping rates,

Anticipated Norminal Size Optimum Size Smallest Size

Well Yield of Pump Bowls of Well Casing of Well Cas-
in Litre/Min, in Cm, in Cm, ing in Cm,
Less than 788 10,00 15.00 « 12,50

788 to 1800 12.50 20,00 15.00
1800 +to 2925 15.00 25,00 20,00
2925 to L4000 20,00 30.00 25,00
LO0O to 5850 25,00 35.00 30,00
5850 to 8100 30,00 45.00 35.00
8100 to 13500 35.00 55.00 140,00

Table 1: Recommended Well Diameters

The wells are generally lined or cased with mild steel
pipe, which should be grouted in place in order to prevent
caving and contamination by vertical circulation and to

prevent undue deterioration of the well by corrosion,
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Screens are used in wells in unconsolidated
acquifers, The width of the screen openings (slot
size) depends on the critical particle size of the
water-bearing material to be retained and on the
grain-size distribution, and is chosen from the sieve
analysis of the acquifer material. With a relatively
coarse and graded material, slot sizes are selected
that will permit the fire and medium-sized particles
to wash into the well during development and to retain
a specified portion of the acquifer material around the
screen, A graded filter is thereby generated around
the well, which has higher permeability than the
undisturbed acquifer material,

Perforated casings are generally used in
uncemented wells when relatively large openings are
permissible, If the casing is slotted in place after
installation, the smallest practical opening is 3,0mm,
Machine perforated casings are also available,
Fabricated well screens are available in a wide
variety of sizes, designs and materials, The choice

of material is governed by water quality and cost,

3.3 Water Treatment

The water from the bore holes is treated as

follows:



3.3.1 Aeration:

Air under high pressure from a compressor is
injected into the intake pipe line so tnat the oxygen of
the air removes any objectionable odour and forms
globles with any available mineral in sclution so that
it can be filtered out.

3.3.,2 Filteration:

The water is then passed through the high pressure
filter wherc most of the globles and any solids are

removed from the water.

3.3.3 Disinfection:

Tne water is disinfected by chlorination, Details
of the chlorination scheme is shown in figure 8, The
feed rate is adjusted so that the dosage is in the

order of the part chlorine to one million part water,

3.3.4 Softening:
Only the quantity of water required for the

boilers is softened by addition of L to & mg of tri-
sodium phosphate to each litre of water, Such that

if any calcium carbonate (which causes hardness of
water) is present it will react with the tri-sodium
phosphate to form sodium carbonate and calcium
phosphate, both of which are precipitated and filtered
off, while the softened water feeds the boilers.
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The renction can be represented as follows:

NO3 PO3 + 3Ca CO3 3!\73003 + CaBF’O3

3.4 Pipe Line Design and Problems

The design of the pipe line system is closely
associated with the production processes especially

. the sterilization and cleaning processes,

3.4.1 Types of Sterilization Process

UHT sterilizers are ‘-equipment capable of heazting
the product in continuous flow to a temperature between
135% and 150°%. 1In principle there are two different
types of this equipment (fig 15), the direct and the

indirect sterlizers.
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3.2 Direct Sterilization

Direct heating features a dircct contact between
the heating medium, i,e, steam, and the product to be
heated, while in indircct heating, a heat exchange
surface is sperating the heating medium i.e. stecam or

superheated water from the product.

Direct heating methods are also sub-divided
into tws sub-groups fig (16).

1

Injection hesting

2., lufmgioe heating L
Y A
ag O, 19 0 o000 ;ly
0 " 0 0 . .
D v e @ L»oo 0 *-/CJ,"
. o ST, pr- R o (-
: 3-1$¢c“17,<.,aoc’51 L"”@: ;.1/% _0-15 Sec
o™ & & 0 O ©
@ @ L‘ O O L
0 9 E)J OO o (" O :;te.‘ rel
| oo O 1 @ @adus
Fig 16: Nethods of Dircvct Henting & waler

Since there is direct cont2ct between product
and super heated steam, special deniands have to be
made (and are legnlly enforced in this country) on the
quality of the steam. The Food and Drugs Administration
Division of the cheral Ministry of Health insists that
the steam has to be produced from potable water
sufficiently treated to ensure that it is of minimun

certified quality free from ohjecticnable bodies
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(whether in solution or in suspension) or tests and
odour. Other required qualities for production
cortvenience are soitness and acidity level of PH
value ranging from 3.5 to L.5. The piping between
the steam generator i,e. boiler and the heating

equipment must be of stainless steel, and a cyclone

‘ and an active corbon filter must be Included to purify

t‘;-’* sieam ‘74w 17), The pipes are lagged up to a
sufficient c<*ent depending on the size of the pipes.
Only specinl cleansing agents are permitted to he
used for cleaning the bui’er (see clean in Place

. design).
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In principle, a time/temperature diagram of the
direct heating process shows a preheating of the milk
entering the equipment at a temperature of u-7°c and
heated by conventional plate or tubular heat exchangers
(indirect heating) to a temperature of 75-80°%. At
this stage steam is injected into the product or the
product is infused into a steam chamber raising the
temperature very rapidly to 1&0—15000. Heat transfer
is mainly due to condensation of steam, In terms of
dilution by water, approximately 10% of product dilution
takes place, This water has to be removed in order to
give a product having the same dry matter content as
the incoming product. Thus evaporation cooling

becomes a necessity.

After final heating and after the holding cell,
the product is exposed to evaporation coocling., In
general terms it enters 2 vacuum chamber, In this
chamber the condesed water is removed. Adjustment
of the vacuum which is product-dependent ensures the
neccessary removal of water and simultaneously controls

the dry matter content of the final product,

As far as milk and milk-based products are concerned
homogenization should be down-stream, i.e. on the
sterile side which means that an aseptic homogenizer
is necessary in the system, Fig 18 shows pipe arrangement

for an injection type sterilizer,
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The problem with the system shown in fig 3.4 is
that steam is used both in the preheating circuit
and for actual sterization process such that the
dryness factor of the sterilizing steam varies with
the temperature of the entering raw milk. Hence
the dry matter content of the product after evapora-
tion in the vacuum chamber cannct be the same as that
of the raw milk entering the balance tank, To improve
on the result, it is my submission that preheating
section be served with hot water system while steam
serves only the sterilization section. My proposed

design is as shown in fig 19.

The advantages of direct heating are:

1. Very rapid heatinc and cooling and consequently
a low total temperature on the product,

2. Less scaling, i.e. deposit formation, in the

. equipment (as compzred to indirect heating)

and less burnt flavour changes in the product
(only applicable when indirect heating equipment
is run for excessive periods of time.

3. Low oxygen content of the final product.
Expansion cooling does not only remove water
but also dissolver” ~7aces (02) resulting in an

oxygen content of the final product of 0.,1=
0.5 ppm.
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L. Less scaling also permits longer piroduction
runs, and, consequently, such equipment may
require less frequent cleaning and pre-
sterilization cycles.

5. Direct UHT sterilizers are comparatively in-
sensitive to pressure drops and, consequently,
relatively visions products like Yeghurt can be

processed.,

The disadvantages of this type of equipment are the
higher investment costs, the higher level of technical
complexity, and connectcd to that is more maintenance,
A further disadvantage is that in expansion cooling
some flavour compounds miy be remcved together with

the steam from some prc’ cts.

3.4.3 Indirect Sterilization

In the indirect type of equipment, the sterlization
temperature is somewhat lower, ranging between 135 and
140%, occassionally up to 145%¢, This is due to the
fact that some sterilizing «ction is already achieved

during the heating up of the product.

Three different types of indirect UHT - processing
equipment can be distinguished: the plate heat exchanger
the tubular heat exchanger, and the scraped, or swept-
surface sterilizer. Scraped surface sterilizers

feature rotating knives placed in tubular structures
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constantly removing deposited material from such
surfaces, Such equipment is expensive in
investment cost, demands a relative high level of
maintenance, and has relative low regenerative
energy recovery: it is expensive in operating
costs. The main advantage of scraped surface
sterilizers is their abillity to tolerate high
pressure drops, i,e., processing of very high viscous
products and to handle products containing sizeable
particles, BSuch products however, cannot be packed
aseptically in Tetra pak aseptic packaging system,
In Nigeria today only plate and tubular indirect
UHT sterilizers operate with Tetra Pak aseptice

packaging systems.12

Fig 20 shows Indirect Sterlizatiocon using plate
heat exchanger, In this system, the milk enters the
sterilizer and is preheated to about 60°c, homogenized,
heated to 95% passed through a holding cell, heated
to sterilization temperature (138%) and sent to the
flow diversion valve., It is returned to the first
cooling section and then admitted to a deaerator,

Next the product is extracted by a pump, Cooled
and discharged for packaging.

For a plant that uses the tubular heat exchanger

the pipe arrangement is as shown in fig 21,
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One of the disadvantages of this type of sterilizer

is that it is liable to get heavier burning=-on and
heavier deposits. Another disadvantage of the

tubular heat exchangers is that they are difficult to
clean. In order to get a satisfactory c¢leaning effect,
turbulance has to be created on the surface to be
cleaned., It is much easier to create turbulance on
plate heat exchanger surfaces than it is on tubular

heat exchanger surfaces.

Normal cleaning procedures for plate heat exchangers
are as follows: water rinse - alkaline cleaning=-water
rinse-acid cleaning-water rinse. This cleaning
procedure is quite efficient for plate heat exchangers.,
It takes approximately an hour and a half, The proce-
dure for tubular heat exchangers is: water-acid-water-

alkaline~-water-acid-water,

In the case of tubular heat exchangers, it is
recommended to add a further cleaning step to the
normal cleaning preocedure: Tho cleaning time increases
to approximately two hours. Of course, this procedure
is more expansive as more water, time and energy is

needed.

Advantages of Indirect heating equipment are:
Low investment cost

2., Good regenerative energy recovery =up to 85-50%,
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3. Technologically relatively simple solution =
relatively low maintenance cost.
h. No special demands on the quality of the heating

medium - either steam or superheated water,

Comparing plate and tubular heat exchangers, the
following advantages can be seen in the respective

system,

A: Plate Heat Exchangers

1. Less expensive in investment cost
2. Easier to clean
3. Equipment can be opened for inspection

j. Somewhat better regenerative energy recovery.,

B: Tubular Heat Exchangers:

1. Fewer gaskets - microbiologically safer,
less maintenance.

2., Tolerates higher pressure drops, longer
production runs, viscous products can be

processed.

Hence this project recommends the plate heat

exchanger.

3.4.4 Pipeline Design Specifications
The sterilizer capacity of 8000 litres per hour

is selected., Hence the design specifications based

on fig 20 are as follows:
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Balance Tank = BOO Litre, stainless steel
Pumps: ' o A
P,y Py, P3 = 8000 Litre/hour each
Linking Pipes: _
Diometers, § = 7.5cm all round =~ b

Length, the varying lengths are

indicated on the working drawings.

3.5 Pipe Line Problems

3,5.1Material Selection S

Milk poisoning due to presence of metal ions in
the product is a problem that can only be solved by
- using the right material for the pipe line works.
An optimal material selection is one that minimizes
corrosion, adsorption and deposits, precipitation
and colour changes, as well as withstand all the
mechanical and thermal stresses involved in the
production processes. In the dairy industry, the
temperation variations in the pipe line range from
—hoc for the chilled water line to 160°¢ for the steam
line and the chemicals that of necessity must flow in
the plpe network from time to time are Lactic acid
(CHBCH(OH)COOH), trisodium phosphate (NaBPOB)’ sodium
hydroxide (NaOH) and Nitric acid (HNOB), chlorine (012)
and Bacteria., Different materials will now be considered
in turns with a view to selecting the best for this

purpose,
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Glass: Glass is resistant to all alkalis and acids
that are used in the milk production, or in the
detergent for washing the pipe line, but it is easily

damaged mechanically.

Stainless Steel: Stainless steel is resistant to

alkalis and to certain acids, It is corroded by
hydrochloric and sulphuric acids and also by lactic
acid, which causes spot corrosiomn, It is further
corroded by chlorine, particularly in its gaseons

state or at low PH values.

Copper, Brass, Tin and Tinned Materials: These are

sensitive to both strong acids and strong alkalis,

Aluminium: Aluminium is corroded by bacteria, by 1lye
and strong acid except metalicate and nitric acid,
Chlorine and iodine oxidize aluminium, but the oxide
formed remains on the surface to protect the metal

against further attacks.

Alloys: The trouble with using alloys is electrolytical
corrosion, When two different metals obtain contact
with one another through an electrolyte, for example,

a detergent, the electrolysis the proceeds result in
electrolytic corrosion, Stainless may be of different
alloy compositions, for example, for reasons of
machining, the steel used for unions is not the same

as that used for piping. According to Dr. =.V. Bockelmann



50

in a lecture delivered to Tetra Pak International AB,
Lund Sweden in 1982, weight losses due to electrolytic
corrosion have been measured at 0,02 mg/cmzfmonth in
piping of nickel=chromium steel as compared with

0,7 mg/cmzfmonth in the pipes of cupro-nickel

steel, The weight loos of tin in the same system
amounted to 0,015 mg/cmz/month.

Plastics and Rubber: Water is abscrbed by some

plastics. Nylon adsorbs approximately 50 times as
much water as polypropylene. PVC and acrylic
plastics also absorb water, Teflon adsorbs protein
which comes off in flakes. Parts made of rubber,
like those made of plastics, can easily be damaged
mechanically. Natural rubber adsorbs fat., Tempera-

tures of over 100°c are harmful to 21l rubbers.

From the foregoing discussions, nickel-chromium
steel is recommended as the best material for pipe

works.

3.5.2 Head Losses in Pipes

Other problems associated with the pipe line
network is the fluid flow itself, Here we shall
consider:

1« The Gas Lines; and

2. Tne Liquid Lines.
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1. Gas Lines

For the gas lines, the fluid is compressible
and therefore pressure variation is an infinitesimal
quantity and hence can be neglected for all practical

purposes.

2. Liquid Lines

For the liquid lines, the fluid is considered
incompressitle, and therefore we assume laminar flow
all through, That is the fluid particles move along
straight, parallel paths in layers or laminae,
Because the magnitudes of the velocities of adjacent
laminae are not the same, there exists sheer stress
(t) in between laminae, Laminar flow is governed by
the law relating shear stress (}) to rate of angular
deformation, that is the product of the viscocity
QJ) of the fluid and velocity grandient

dv
dy
2

or Y = r‘l% N/m

The energy exchange for a non-compressible fluid in

a pipe is presented in figure 22,
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therazodynanics can Y- y r tten thu«:

Where Z = Elevation above reference line
V = Velocity
P = Pressure
= Density

hL = Loss in head

Where some moLive force is applied to the fluid,
for example, by installivg a pump in the pipelive,

the additional head, oy would be recorded on the

4
.
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left hand side of the energy balance, Thus:

2 2
h_  « Z,1 + V1 +‘El = 22 + VZ + Eg 4 hL
: %7 % 7

It is important to note that fluw continyity is
preserved in a full-flowing pipeline, that is, the

fluid flow rate constant, Thus:

= 02 = (3

= A1V1 = AZVZ

Where Q = flow rate

A1 and A2 are the cross-sectional areas at two prints

along the length of the pipeline,

The head loss, hf, is mainly attributable to
viscous-friction effects and to turbulent flow
characteristics. Emperical expressions have been
developed to estimatetthe viscous losses which may
arise in a particular system, and the most useful

equation is:

B ® L)Y,
d*2C
where hL = head loss
L = Length of the pipe

d = diameter of the pipe
: 4 = friction factor
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From the foregoing discussions we can deduce that
head losses can be minimized by having:

Ya Shorter runs of pipe

o Pipes of larger dismeters

3. Flow of lower velocities

L. Smaller differences between Z, and Z,

S« Minimum number of bends, sudden enlargements

and contraction of the pipe diameters.
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CHAPTER FOUR
SEWAGE DISPOSAL

Sewage represents the rate of daily water
supply with a small amount of inpure material that
polutes the whole. This is a clear reason to
separate the handling of storm water for dispersal
to the ground or direct disposal to the water ways
rather than permitting it to swell the volume of

sewage requiring treatment.

The sewage system has to remove and dispose

of the following:

1. Storm water from a2ccess roads, roofs of buildings

gardens etc,

2 Domestic sewage i.e, excreta, urine and slop

water from baths, wash hand basins, laundries,

3. Industrial wastes from production areas,

4.1 Storm Water Drainage System

Storm water drainage system is made up of all
waste water that is considered safe for direct
disposal to the surrounding ground or to the
waterways, These include:

1. Water for garden watering = 14400 litre/day
2. Water for car washing = 5700 litre/day
3. Rain water, which is a function of the actual

quantity of rain collected in the premises
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area, and permeability of the ground (run-off

factor) and the rate of rainfall per minute.

The most severe storm for which provision has to
be made is the basis of design. In the northern part
of the country, rainfall average is 100.150 centimetre
during the wet seasons, In Kaduna this spans from
April through September and the highest rate of rain-
fall ever recorded in Kaduna being 3.19 cm/hour
(1.28 inches/hour) which occured on July 18, 1981 at
1342 hours Nigerian local timez.8 Therefore the basis

of design for storm drainage in Kaduna and its environ

is a rain intensity of 3.19 cm/hour (1.28 iches/hour).

The run-off foctor for various land forms are as

follows:

T RUN=OFF
DESCRIPTION FACTOR
water tight rocf surfaces 0.90 - 0,98
Gardens, Lawns 0.25 - 0,50

0.05 - 0025
Asphalt surfaces 0,80 - 0,90
Sandy soil 0,30 = 0,60
Concrete surface 0.85 - 0,95

;ource: Agro=Met orological Bulletin of Nigeria,
y the Nigerian Meteorological Services
Headquarters, Lagos

TABLE 2
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Date Jan Feb Mar Apr May JEEE JE;Y A;g S;ﬁf
1 - - 8.2 - 0.1 5
2 - - - 26,1 - 1l
3 - - - - 1.5 -
L - T8 - 45.5 6.3 -
5 - 33.5 8.3 11.2 16.6 -
5 - 2,3 12,6 1.3 - -
7 - 1.5 - - - -
8 - 10,1 0.7 10.8 12.8 -
9 - - - = & &

10 - - B 242 - -
11 - - - . 5 _
12 = ” 1.9 2,6 1.8 -
13 - - 204 - - -
14 - - - 0.5 -
15 - 7.6 - = = =
16 - - 7.7 0.9 31.9 e
17 - 22,6 - - i 1| -
18 P = = - - _
19 - 21,2 1.4 51.8 - .
20 - 1.4 2.0 6.1 12.6 -
21 - 18.1 2.8 15.6 - -
22 - - 27.4 - - -
23 - - - “ - -
2 - 8.7 - 0.9 - _
25 - 20,2 - 13 = -
26 - L1 263 13.8 22.6 -
27 % & i & = _
28 - 20.8 - 53.2 - -
29 18.5 - 29.8 - 15.9 -
30 0.7 - - Ly 5.5 -
31 - - 18.1 16.4 6.6 -
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L.BLE 5: - m“  . RAINFALL INTENSITIES FOR HEAVY PRECIP;TATION R May 1981
Station . 15 min, 30 min, 60 min. 2 hrs 3 hrs, 6 hrs., 12 hrs 18 hrs, zh‘ﬁrq.
| Day T A T A T A T A T A T A T A T A T A

KADUNA 20 : 2016 2,02
ZARIA 9 1554 0.86 155l 0.93

" 26 0654 1.20
YELWA 23 1943 0.95 C19L% 2.35
MAIDUGURTI L 1443 0,62 143 2.9
NGURU 8 1648 0,62 1643 0,06 1640 1,84

29 1448 0.70 1448 1.3
N.B, T = Time of Comﬁencement of Intensity Measurement -

A ~ Amount of Rainfall in specified Period in Ins.
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PABLE 6: . RAINFALP.INTENSITIES FOR HEAVY PRECIPITATION - JUNE 1981
Station 15 min 3C min 60 min 2 hrs, 3 hrs. 6 hrs. 12 hrs. 18 hrs. 24 hrs,

Day T A T A T A T A T A T A T A T A T A

KADUNA 12 18@ 0.13 | | 14,20 2,10
ZRIA 16 0.93 1725 0,91
— 30 U35L 0,53
o — T ) e et et Y
%E:AIDUGURI 5 L3 0,62 L3 1.140. _ .
WNGURU 17 1648 0.62 1648 0.52 1643 1.06 B

30 1448 0.66 148 0,70

N.B. T = Time of Commencement of Intensity Measurement

A - amount of rainfall in specified period in Ins.
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RAINFALL INTENSITIES FOR HEAVY PUECIPITATION

tation -1? min 30 min 60 min 2 hrs. 3 Hrs:_ 6 hrs. 12 hrs 18 hrs 2ly hrs
Day T A i A T A T A T T A T A T A T A
S ADUNA 18 1054 0.66 1342 1.28
ARTA 10 1584 0.86 155 0.55
- 22 038l 0.5% -
YILW 28 1943 0.95 1943 1.15
NMAIDUGURI S 1443 0.62 143 1.49
NGURU 8 1648 0,62 1648 0.52 1643 1.06
28 1448 0.66 1448 0.70 |

N,

o
=3
1

Time of Commencement of Intesity Measurement

A - Amount of Rainfal in Specified Pericd in Ins.



, 6l
BIE 8 RAINFALL INTENSITIES FOR HEAVY “RECIPITATION MAY 19

Station 15 min 30 min 60 min 2 hrs. 3 hrs. 6 hrs. 12 hrs 18 hrs 2L n
Day P A G A 3 A T A  y A i A ( y A G
10 015, ©.66 1725 1.5
U] 1 1584 0.86 1554 0.53

23 035 0,53 .

9 0705 0,61 1940 1.15 1943 1.13
' IDUGURT L W3 0.62 1443 1.49 T

NGURU 2 1648 0,62 1648 0.52 1648 0,98

19 1448 0.66 48 0.87

Intensity Measurement

N.B. T - Time of Commencement of
A ~ Amount of Rainfall in Specified Period in Ins.




LPLE 9t RAINFALL INTENSITIES FOR HziV IRECIPITATION JUNE 1982

15 min 30 min 60 min 2 hrs. 3 hrs,. & hrs. 12 hrs 18 hrs 2L h;QA

Stotion T

Day T A T A T A J & A T .4 T A s b A T A T A
1L2DUNA 6 0520 0.3 1050 1.32
Z RIA 21 1508 0.9

13 0384 0.53
YELVA 15 1940 0,2 19 1 1.05
1 2IDUGURI 21 L3 0.62 14 3 1.49
NGURU 17 1648 0,52

20 1430 1.2

N.B. T = Time of Commencement of Intensity Measurement

A =~ Amount of Rainfall in Specified Period in Ins.






