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SUMMARY

l'

Because of a resurgence of interest for the establisu-
ment of a cement industry in Papua New Guinea, é&n
up-to-date foasibility study has been requestcd,

(pages 5-8)

There are three companies who, without any invitation
from the government, have made &xtensive investigations
into the establishment of a cement industry in Papua
New Guinea. These are : Hyundai Group, South Korea,
Blue Circle Southern Cement Group, Australia and

Tower Research and Development, Australia (Pages 9-11)

The present import of cement into Papua New Guinea is
about 70,000 tonnes per year. In harbour towns, the
selling price is about K80 (US$120) per tonne cement.
In the Highlands, the selling price is about K140
(US$200) per tonne cement. (Pages 12-14)

Papua New Guinea has formidable deposits of limestone
everywhere in the country. As far as raw materials

are concerned, the cement plant could be built anywhere
in Papua New Guinea. (Pages 15-23)

The technology of a modern cement indur vy requi>e

a large plant size. The high invested capital in a
cement plant can be achieved with different terms of
payment. The high fuel cost require . the dry~process.
The high transport cost require a Site where the
demand is concentrated and from where markets arn
easily and economically accessible. (Pages 24-37)

Production costs ab fabric would, with the present

information, be about K39 (US$55) per tonne cenent.

With the present transport costs, the selling price
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in every town in Papua New Guinea should be about
K63 (US$90) per tonne cement. With payment of
interest in working capital and preliminary investig-
ation, the consumer price for the first years would
be about K70 (US$100) per tonnz cement. This is a
pessimistic consumer price. With a well organised

and cheaper transport of cement, and lower fuel cost,
the consumer price should be about K50 (Us$70) per
tonne cement. (Pages 38-45)

Recommendation:
1) The cement plant should be built for 200,000

tonnes cement per year.

2) The process should be dry-process, rotary kiln
with preheater.

3) The most suitable site for the cement industry
would be the Lae area.

4) Blue Circle, Australia and Hyundai Group, South

Korea, should be invited to give proposals for

a cement industry in Papua New Guinea, and set
out their proposals for financing and marketing.
(Pages 47-49)

Pollow-up activity by UNIDO expert (Page 49).




INTRODUCTION

The manufacture of cement in Papua New Guinea has been
under discussion for many years. The government of Papua
New Guinea has asked NIDA (National Investment and
Development Authority) to carry out an up-to-date
feasibility study for the establishment of a cement plant
in Papua New Guinea. Therefore, NIDA has requested a
UNIDO expert in the cement industry to carry out a
feasibility study, even though such a study of the cement
industry in Papua New Guinea had already heen carried our
in 1969 by a UNIDO expert. This feasibility study from
1969 will also be different from the feasibility study of

today, partly because of the present high fuel costs and
partly because of the new technologies in cement making.

The government has an ambitious development programme for
Papua New Guinea, with extensive road construction, hydro-
electric power stations, airports, development of timber
areas, etc.

One of the most important aspects for the development of
the above mentioned subjects to an acceptable price will
be to have a local manufacture of cement. Cemcnt is one
of the most important ncterials for development and thcre
is usually interrelatica between the standard of liviug
and the cement consumption pcr capita. Therefore, it iu
normally found that the cement consumption ¢ r capita
rises every year as the standard of living rises.

The price for the import of cement into Papua New Guirn:a
is extremely high - about US$120 per tonne cemcnt in
harbour towns and about US$200 per tonne in cour:ry areas,

and it seems that the trend will iorce prices up even
higher.




At the present time, three companies have made and are
still making, extensive investigations into the establish-
ment of a cement plant in Papua New Guinea. All these
three companies have great tenacity of purpose in their
desire to get the project underway and they have provided

the government with their proposals.

A well planned and organised ccrent industry is not

easily realised in any country. Its realisation is often
made more difficult by underestimation of the impertance
of preliminary studies, testing and branch. I have made
especially long remarks about raw materials because one
of the main sins with the establisnment of a new cement
plant is that these are not made sufficiently, certainly
about the quality and quantity of the raw materials.

The best installation will not work satisfactorily if it
is built at the wrong location; if the wrong-process has
been chosen; if, as mentioned above, lack of proper
geological prospecting, raw material resources are
insufficient in volume and gquality: or if the plant size
and production costs dn not match the commercial situation.

it often happens that in their efforts to promote new
industries, developing countries receive advice from
persons not qualified to give it. Cement plants have been
built with the best of intentions which will never produce
cement economically, by any standard, because the advice
given was wrong. I will, in this report, give an example
of this from Niger, Africa.

Even if it is generally accepted that the limiting factors
on a desirable cement plant size are the size and location
of acceptable markets and the costs of the physical

distribution for adequate services of these markets, it is
also a general rule that the manufacture of cement is only
economical if it is manufactured in a plant above a certain

minimum size.
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The Minister for National Development has expressed a
wish for the establishment of a cement plant in the areas
of Kerema or Kikori, with the farseeing statement «f
reasons that these areas are not as developed as cthor
areas in Papua New Guinea.

The above mentioned areas are not acceptable, partly
because these arcas are lowlands and swamps with low
population and difficult transport systems.

Some authorities in Papua New Guinea have expressed a

desire for a cement plant in the Chimbu area, the centre

of thé main population in Papua New Guinea. I have visited
Chimbu and even if it does have excellent limestone, it is
not acceptable because of the high transport costs to and
from the area. The Chimbu area is about 400 km from Lae
and, furthermore, the area is at a height of about 2,000
metres. The efficiency of the equipment operating in this
height will be lower than equipment operating in lower level
regions.

If the cement plant is to deliver cement economically, it
has to be built close to areas where the demand is concentr-
ated (industrialised ang populated areas) =nd aleco at a
location from which markets are easily and econocmically
accessible.

The three companies who have made, and arc still rmaking,

investigations, withcut any invitation fruin the government,
are:-

1, Hyundai Group, South Korea
2. Blue Circle Southern Cement Group, Australia
3. Tower Rescarch and Development, Australia.

All three companies are reputakble firms. I have been in
close contact with them and have a good impression arout
their ability to give a proposal for a cement plant.




For the calculation of the cost of producing cement in

Papua New Guinea, I nhave had meetings with -
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1, Department of Labour and Industry o
2, Department of Transport E
3. Department of Public Works j
4. Department of Statistics %
5. The Electricity Commission \
6. 0il companies, Shell and Mobil.

I have travelled in the Highlands to get an impression about
the road construction in this area. I travelled by car from
Lae to Mt Hagen, via Goroka and Kundi awa.

I have used the highest figures in the costs in my
calculations and even with that, the cement with local
manufacture could be sold for about K70 per tonne cement
(US$100). A cement plant in Papua New Guinea will also be
a useful place for work for the Papua New Guinean people
in their effort to develop Papua New Guinea.

In my calculations I have used Kl = AS$l = Uss$o0. 7%

All the sites mentioned in this report are marked with
underlining on the general map of Papua New Guinea.
(Appendix IV, page 53). All sites I have visited are
marked with a cross.

¢ In my calculations I have used Kl=Afl « US$ 0.7

#)Note from UNIDO
The official exchange rate pr. 19 April 1975 was Kl = Af = 1.35 US$
ort 1US$ « 0,72 K ar?
1058 =0,724A 8
Ne believe the above exchange rate to USDollar is given by mistake and is nct
used in the calculations. Page 4 indicates a correct use of the exchanas rate,
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The three companies who are making inve s

the establishment of a cement industry in Papua Nerw Guacoa,

The Hyundai Group's experience in the construction of comcrn

Plants is limited. They have however built two cement pLlanes
in South Korca. One in 1964 for 400,000 tonnes coment per
Year and one in 1974 for 800,000 tonnes cement per year.
They have also made several successful extensions to
existing cement plants in South Korea, I have travelled
with the Group's experts to Madang, Vanimo, Lae and Saidor
for investigation of the deposit of limestone in the arccs.
Furthermore, I have seen the Group's work on an extension to
Lae aifport and the hydro-electric power station in Ramu
Scheme, where the Group have been the main contractors,

The Group have applied for the main tender to build the
Highlands Highway and are thought to be considering the
development of the Vanimo timber aiea as well as having mad.
a firm proposal to develop the Kapaluk timber area. The
Group works closely with the Fuller Corporation in the
United States of America and it is thought that should the
Group get the contract to develop a cement industry in

Papua New Guinea, then they would purchase 40% of their
supplies from the Fuller Corporation.

The advantage with the Group is that they wiil be able to
send manpower from South korea for building .ork, crectic..
and operation of the cement pPlant. This manrower can wo- &
closely with the local manpower as they have done suce-:is5-
fully with the construction cf the Laec airport and the !.~u
Scheme hydro-electric power station. I have the impres:ion
at present that Papua New Guinea wil! not be able to s pply
the qualified manpower for the construction of a ccment
plant. In 1971 and 1972 I was working with the construction
of a 330,000 tonne per annum cement plant in Braril and with
the building work and erection 24 months under way, there
were about 1,000 labourers involved on the project.
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The Blue Circle Group have been investioo oo e

proposed cement industry in Papua New Cuinea longer than
anyone else. I have visitcd the Group's nmuin oifice in
Sydncy and I have had discussions with the staff about

their proposals. Furthermore, 1 have visited the Group's
cement plant necar Melbourne. The Group work as a consulting
company. They do not actually manufacture cenent making
machinery. If they should get the contract to develop a
cement industry in Papua New Guinea, they will probably

purchase their machinery from Germany.

The Group will not be able to supply Papua New Guinea with
manpower for building work and the erection of a cement
plant and the Group would not be unwilling to be associated
with the Hyundai Group but they want to be technical
managers of the operation and also to be consulted with

regard to plant design and specification.

I have travelled with the Group's senior geologist to
Sankwep, Lae and Finschhafen to see the deposit of limestone

in these areas. There is no doubt that the Group's proposal
to build the cement plant in Sankwep or Lae is the best of
the proposals today. It is the area where the demand for
cement is concentrated and it is the most industrialised

and populated. There are road connections with the Highlands
and there is access to a wharf. Electric power cculd easily
be supplied from Lae.

Tower Research and Developrent work on their proposals for

a cement industry in Papua New Guinea in close co-operation
with Dr Steven Gottlieb, who has a big capacity of know-how
about the cement industry. Dr Gottlieb's research in the
development of a shaft kiln is well known by the people
working in the cement industry. I have had the pleasure

of visiting Dr Gottlieb in Melbourne and I have visited his

former owned cement plant where there are two shaft kilns.
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I have also had a profound discussion with Dr Gottiieh
about his proposal for a 130,000 tonnes per snnum shaft
kiln, operating with coke breeze or charcoal produced Lron
the surrounding tiuboer Ferouxrees newr Vanaimo, whero

Dr Gottlieb proposed to build the cement plant.  Vinime

is 1ocationa11y well away from the nain oreas where oo

is demanded.

If Tower Research should get the contract for a cement
plant in Papua New Guinea, they would make the machinery
in Australia and supply manpower freom India or Japan (e
two countries where Dr Cottlieb has tried to develos his
shaft kiln but there are 5till no published epoch=-iaking
results). The main companies which are raking designes of
cement plants and cement making equipment have not sihiown
very much interest in developing shaft kiln processes,

As well as the cement Plant project, Tower Research work
with a project for a Pulp mill in Vanimo. This project wilil
include about 3,000 employees. It is Dr Gottlieb's intention
to try to use gas developed from the waste timber from the
proposed pulp mill as fuel for the shaft kiln. It is also
his intention to make an extension of the 130,000 tonnes
shaft kiln after some years with a short rotary kiln. “he

main idea is that the shaft kiln and the rot. |, xiln shou.d

| work together, that is to say, pPre-calcining n the c¢h-..+
kiln and sintering in the rotary kiln. The . rneort plant
should then be able to pProduce 500,000 tonnes of cement
annually.

My main concern with this idea is that it would be ar
experiment in which no other countries have had any interest
and I feel that Papua New Guinea wants a well tried, well

established, process and a sound company rather thon an
experiment.




MARKET INFORMATION

Papua New Guinea imports at present about 70,000 tonnes

of cecment per year, that is 30 kilos of cement per capita.
All the cement is delivered in bags and the present cost is
about US$120 per tonne cement. The distribution of cement

imported into Papua New Guinea is shown on page 1l4.

About 80% of the cement is imported from Japan, the rest
from varicus other countries. Sc.etimes the cement from

Japan is sold to dumping prices.

Papua New Guinea is paying high prices for the import of
cement and it seems that the trend will force prices up
even higher. The extremely high price for cement secems to
be the main reason why the consumption of cement is only

30 kilos per cupita. Per capita: in Europe = 500 kilos;

in South America - 200 kilos; in Asia and Africa - 50 kilos.

It is expected that, with local cement manufacturing, the
selling price could be under US$100 per tonne cement in
every town in Papua New Guinea. With cement more readily
available it will put it in competition with other
construction materials.

Under the development prograrme the government have made

for Papua New Guinea, with extensive road construction,
hydro-electric power stations, airports, development of
timber arezs, etc., it is expected that the local consumption
may rise to some 150,000 tonnes cement per year in 1978-1980.

In the planning of the cement project in Papua New Guinea,
the possibilities for export must be taken into account.

1. Pacific Islands market:

There are markets available in a number of the islands
surrounding Papua New Guinea
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. Asian market:

Papua New Guinea is favourably located to supply
several Asian countries where cement 1is demanded.

3. Australian market:
It is expected that there will be, in the foreseeable
future, a shortage of cement for the Australian
market. Darwin and Brisbane are cities which are well
located for export of cement from Papua New Guinea.

After the first feasibility study, it appears reasonable to
plan for a cement Plant in Papua New Guinea to produce
200,000 tonnes cement per year.
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RAW MATERIALS

An investigation is nNecessary in order to ascertain the
feasibility of the Project and to provide information on
which to base the choice of the best type of process and
the proper design of the plant.

Preliminary prospecting for raw materials

a) Study of existing sources of information, such as
geological reports and maps, and records of previous
manufacturing of Cement, lime or other calcareous
building materials.

b) The first visit to the deposit. Sampling of rock
from outcrop for chemical analyses. Rough estimate,
without premature conclusions, of the possible
amount of materials.

The above mentioned Procedure has been carried out for

the sites that are under discussion for the establishment

of a cement plant.

a) Sankwep, Lae : Sampling taken and analysis by Blue Circle
b) Finschhafen : Sampling taken and analysis by Blue Circle
c) Saidor ¢ Sampling taken and analysis by Hyundai Group
d) Vanimo Sampling talen and analysis by Dr Gottlieb

Geological mapping in Papua New Guinea has .:en und-rtaken
by a number of workers, principally during .he present
century. Appendix VI, page 55, shows that tliere should :e
good quality and quantity of limestone in the areas where

the above mentioned companies have made their investigations.

Requirements for the source of the raw materials

a) Proper chemical composition. Modules (SM, IM, HM,
Lime index)

b) Adequate amounts

€) Low price as quarried (overburden)
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d) Convenient location
e) Favourable physical properties.

One of the main sins with the establishinent of a new cement 3
plant is that many do not make sufficiz=nt investigations
about the quality and quantity of the raw materials.
Investigations must be clarified by drilling and these

must be calculated with about 20 boreholes, each 50 metres
deep. The costs for the drilling range between 50 and 100
US dollars per metre. Even if many drillinge for the
investigation of petrol have been carried out in Papua New
Guinea, the authorities should, after the site of the cement

plant is cleared up, ask for technical assistance for a

systematic investigation of the quarry.

A cement plant producing 200,000 tonnes of cement per year
would cost today about US$24,000,000. It would be viony
not to use about US$1,000,000 for the preliminary investig-
ation.

Systematic investigation

a) Establishment of the purpose and a first estimate of
the cost.

b) Provision of the necescary technical assistance.
Decision as to who should carry out the prospecting,
local people or specialists.

c) Importance of maps on whiich to record information from
the preliminary study of the deposit. Aerial maps
offer a quick and good solution.

da) Sampling methods ~ surface sampling, pit digging,
well drilling, core drilling (sce page 18, Chart III.1l-1)

e) The diamond core driil. Sampling of cores and sludge.
Theoretical and practical know-how is necessary for
operating the drill and obtaining a good core recovery.

f) The proper use of the diamond drill. Vertical or

inclined holes. Use of forms for accurate logging
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of all information related to thc core drilling.
Splitting of core samples. Filing of cores.

g) Fxamination of the samples. Preparation of average
samples for chemical analyses. Combination of
results from core and sludge analyses. Titration
(calcium carbonate) and complete analyses.

h) Preparation of vertical-cut diagrams showing results
of the examinations. Calculation of amount of
material in the deposit (see page 18, III.1-2).
Filing of the information for later use in the
Planning of quarry operations.

It is ;yenerally agreed that 50 years reserve of raw
materials is required for the establishment of a new
cement plant,

A careful investigation of the quarry must be carried out
for the determination of the raw material available, with
a view to selecting the production scheme and determining
the dimensions of the productive units.

The company which is given the cbntract for the establish-
ment of a new cement plant in Papua New Guinez =zhould bc
responsible for the investigation of the quarry and its
raw materials.




Overburden C 1 ¢mestons Shale

Dart I71.1.2
fov mtoriale. Cut-dlagran of Depcatt
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Example for investigation of raw materials

In our example we have the following materials at our isc 3]s

L] sio, Al,04 Fep04 Cal Mco Los; hf}f
Ignition
Limestonc 2.9 1.1 0.8 52.4 0.3 42.0
Clay 50.4 22,2 8.5 4.3 2.1 12.5

Ca0
CaCO_-, = 56 X 100 = 1.8 x cao

Limestone: 1.8 x 52.9 = 94,54 CaC0;,
Clay: 1.8 x 4.3 = 7.7% CaCo,
We want 76% éaco3 in our raw materials:

94.5 68.3 parts too low in clay of Ca(:03

7.7 18.5 parts too much in limestone of CaCo4

Limestone/Clay = 68.3/18.5 = 3.69/1 + 3.69 of limestone for 1 clay.

. L ) 8102 A1203 !'e203 Cao MgO Loss by
Ignition

3.65 Limestone 10.6 4.0 2.9 193.1 1.1 153.3
1.00 Clay 50.4 22,2 8.5 4.3 2.1 2.5
4.65 Raw material 61.0 26,2 11.4 197.4 3.2 165. 4
1.00 Raw material 13.12 5.64 2.45 A2.45 0.€9 35.65
Raw material
vithout loss by 20.39 8.76 3.8l 65.97 1.07 -
ignition

Limits for Portland cement

si0, Al,04 re 0, Cao MgO

19 to 24% 4 to 9N 1.6 to 6% 60 to 67% to 5%
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Even if the raw materials are inside the limits there musi .lsc he an
investigation made to see the mocdules arc inside the limics:

104 20,39 - "y . )
1) M = A1z0; + Feg0y 376 + 3,861 1,62 j Limita: 1.2 to 4.0
Al705 8.76
2 IM - i g = LARAS
) Faz0, WT 2.30 3 Linits: 1.0 to 4.0
3) HM = Ca0 . 65.97 . 2.00
810, + A1,03 + Fe 03 20.39 + 8.76 + 3.81 A
Limits: 1.7 to 2.2
4) Lime index = 100 Cad -

2.8 810, + 1.1 Al,03 + 0.7 Fc03

100 x 65,97 - 9s.1

7.8 . 20,39 + 1.1 . 8.76 + 0.7 . 3.81 g Limits 93.5 to 96.3

If the composition of limestone and clay are not inside the limits of the
modules, it will be necessary to add some substitute materials - partly
sand and/or iron oxide.




SRwWen, L b e

4 Si()z Alzi)3 r'L‘2(?3 Cai) Mg v "
s tone 3.4 1.6 1.0 52.6 1.0 45,6 gL el
y 58.5 15.9 9.4 3.2 2.5 n T
il 70.24 parts toc low in clay of CaC04
v
76
. ) LY
L6 18.68 parts too much in limestone of Cal0y

inestonesClay = 72.24/18.68 = 3.87/1 = 3,87 of limestone {1 1 clay,

3 5i0, Al,03 Fe203 Cao MgO I](”d:t l;)z
un i

.?i Limestone 13.16 6.19 3.87 203,56 3;87 154.8

Q" Clay 58.50 15,9 9.4 3.« -—;:; o “;j; o

o materials T 2205 107 men v ey
z ..-.f R materiats 172 65t 275w v e

W materials
v *hout loss by 21.86 6.74 4.05 62,06 1.98% -
altion

Vo raw materials are inside the ilmits,

SM = 21.86 = 2.)3
6€.74 + 4.0%
s 1M = %f%%‘ = 1.66
R XA R
(45 ¢ Lime index = - ... 10C x 63,06 - 88,2%

28 x 2186+ 1.1x6.74% 0.7 = 4.05

Lime index is not inside the norm; it would be ne: ©loary to add zome
slitute materials,




Bample from Fin

schhafen

% SiOZ A1203 Fc203 Cao MgO Lo -_', P (_Ta(,‘OB
Ignition
Chalk 2.5 1.6 0.7 51,-0 0_.5 ~4.-.2.2.' 91.8
Coral 5.3 1.8 0.9 £0.0 1.2 41.0 ) 90.0C o
Mudstone 40.3 14.4 B.6 16.7 —:..‘i 14.4 25.9

The chalk consists of about 25 to 30% Hy0 and should be avoided.

90.0\ 44,1 parts too low in mudstone of CaCOjy
76

25.9 14.0 parts too much in coral of CaCO,

Coral/Mudstone = 44.1/14.0 = 3.15/1 =

3.15 of coral for 1 mudstone,

\ sio, AL 0, Fe,0, Ca0 MgO Loss by
Iynition
3.1% Coral 16.70 5.67 2.84 157.5% 3.78 129.15%
1.00 mdstone 40.3 14.4 B.C 16.7 2.5 14.4
4.1% Raw Materials 57.0 20.07 11. 44 174.2 6.23 143.55
1.00 Rav Materials 13.74 4.84 2.76 4]1.98 1.51 34.5%9
Rav materials
without loss by 21.01 7.40 4.22 64.18 2.31 -
dgnition
T™he rav materials are inside the linmits,
31.01
(1) « sM a0+ 4.22 - Y
7.40
() :+ 1IN 423 1.7%
64.18
(3 + 1o+ T.40+ 4.3 - 1Y
(6} : Lime index = 100 x 64.18 - 9§.8§

2.8 x 21,01 + 1.1 x 7.40 ¢+ 0.7 = 4.22

T™he nodules are inside the norms; it should not be necessary to add
substitute materials,




Sample from Vanimo - Tower Research

% sio Al,0 Fe 0O Cao Mgo Loss by Caco

2 3
2 23 3 Ignition
Limestone - 0.01 0.01 53.95 0.40 43.44 96.30
Clay 66.5 19.0 3.3 2.1 1.1 5.3 3.60
96. 30 72.4 parts too low in clay at CaCO3
/////76
3.60 20.3 parts too much in limestone of Caco,
Limestone/Clay = 72.4/20.3 = 3.57/1 = 3.57 of limestone for 1 clay
3 810,  A10, Fey, Ca0 MgO  Loss by
Igriition
3.57 Limestone - 0.04 0.04 192.60 1.43 155.08
1.00 Clay 66.5 19.0 3.3 2.1 1.1 5.3

4.57 Raw materials 66.5% 19.04 3.3 194.7 1.53 160,38
1.00 Raw materials 14.5% 4.17 0.73 42.6 0.33 35.1

Raw materials
without loss by 22.42 6.43 1.13 65.64 0.51 -
ignition

The raw materials are inside the limits

22.42

(1) :+ EM = ifii"?“f?f? = 2.97
6. 4)
D
(2) : 1w 113 5.49
$3.64
B+ W - ETtoTI "

- 100 x €5.64 -
(@ 1 Lime Idex = T G TLIzeO oIS - O

The modules are not quiet inside the norms; it could be necessary to add
some substitute materials.

From Saidor we only have a weak sample.




THE TECHNOLOGY OF CEMENT PLANTS TODAY AND FOR PAPUA
NEW _GUINEA

It is a general rule tcday that the manufacture of cement
is only economical if it is manufactured in a plant above
a certain minimum size, particularly when considering the
rotary kiln. With the ¢nornously increased price of fuel,
the minimum size has therefore increased and the majority
of companies today would only recommend a cement plant
which produced 1,000 tonnes of clinker per day, that is,
some 330,000 tonnes cement per year. In recent years, the
methods of producing cement have changed considerably.

In addition, the cost of any cement plant has rapidly

escalated.

The majority of the new cement plants commissioned these
days are dry-process plants. The greatest advantage of
the dry-process over the wet-process is the lower fuel
consumpticn normally obtainable. Between the best wet- |
process plants and the best dry-process plants, there is
a difference of about 400 calories per kilo clinker in

favour of the dry-proccss.,

In the case of the preliminury estimate, it appears that %
we should establish a cecmnent plant in Papua New Guinea |
capable of producing 200,000 tonnes cement per year.

The present price for heavy fucl oil in Papua New Guinea
is 44.8 Australian cents per UK gallon - US$170 per tonne.

The saving in using the dry-process over the wet-process

in Papua New Guinea is calculated as follows : 4
b
2 T 60 270 - 1,346,400 US$ per vear

The total cost for fuel for 200,000 tonnes cement per year
with dry-process will be about 3
200,000,000 x 1,000 x 170

= 3,400,000 US§ per year

10,000 x 1,000
or US$17 per tonne cement.
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An investigation must also be made into fuel, to see
whether it will be Cheaper to import coke breeze from
Australia or India or some other country. My present
information is that, with transport, the cost of coke
breeze will be about US$40 per tonne. Generally, two
tonnes of coke breecze have the same fuel valve as one
tonne of heavy fuel oil. 1In this case it will naturally
be cheaper to use coke breeze which will only be half
the cost of the use of heavy fuel o0il. That is to say,
US$8.5 per tonne cement.

Research is now being carried out in Papua New Guinea
for natural gas which could be very useful and cheap
for cement manufacture.

There exist cement Plants today that are able to use

the three kinds of fuel : heavy fuel oil, or coke breeze,
or natural gas, depending on whatever fuel is most
available and cheap at the present time. Careful
negotiations must be carried out with fuel companies

about the costs of fuel, transport of fuel and availability
of fuel, etc. before a definite solution can be taken

and even then, the fuel costs are a very variable cost.

It is generally agreed that the shaft kiln is only to be
recommended for small cement plants, i.e. in the range of
100 to 200 tonnes per day, about 35,000 to 70,000 tonnes
cement per year. Producing about 100,000 tonnes cement
per year, the rotary kiln is definitely preferable.

S8kill requirements for the operators of shaft kilns would
be about the same as for the rotary kiln, dry-process.
Control of the quality of the clinker produced in a shaft
kiln is more difficult than in the rotary kiln. Only
solid fuel can be used in the shaft kiln. Ten years ago,
about 20s of Ehe cement production in Germany was made

from shaft kilns, but today they have all closed down




because they were not competitive when compared with

the larger rotary kilns.

It is tempting, in a country like Papua New Guinca,

with a rugged formidable area and difficult transport
inside the country, to recommend small cement plants in
different places, but it will be more expensive to
manufacture the cement in small plants. To manufacture
the cement in a big plant, near a harbour, will, aven with

transport costs, be cheaper for the producer.,

a) Tpe cost of a cement plant for 100,000 tonnes cement
per year would be about 18,000,000 US dollars,
depreciation 10%, i.e. 1,800,000 US dollars, i.e.

18 US dollars per tonne cement.
b) The cost of a cement plant for 200,000 tonnes cement

per year would be about 24,000,000 US dollars,
depreciation 10%, i.e. 2,400,000 US dollars, i.e.

12 US dollars per tonne cement.

The staff in the two plants will be almost the same.
For (a), 4 US dollars per tonnc cement, and for (b)

2 US dollars per tonne cement

The efficiency of power, fuel, etc. will be lower for the
small plant

An estimated cost is that (a) will be 20 US dollars
per tonne cement more than (b).

In March 1975 I stayed in Niger, Africa where the cement is
manufactured in a small cement plant - 30,000 tonnes cement
per year, rotary kiln, dry-process, fuel oil. The distance
to the main consumer was 500 kms along the road. Selling

price was 100 US$ per tonne cement. In April 1975 I stayed

in Paraguay, South America where the cement is manufactured

in a cement plant for 200,000 tonnes per year, rotary kiln,




dry-process, fule oil. The distance to the main consumer
was 500 kms along river. Selling price 30 USS per tonne

cement., Niger and Paraguay rark as development countries.
Both countries are fuel cil importers.,

The next page will show the cost of dry-process cement

plant with rotary kiln, ranging from 132,000 to 330,000
tonnes cement per year.




Caratal b i U0 ds by ers Joenary 1975 x 1000

Fatr.ated cash for dry-process with preheater, rotary kiln

Exclucive of: Preiiminary investivation, costs of land, housing of employees,

wor iy vapi Ll

Copacity m ts/day/24h 400 500 600 800 1000
mots/yoar/330 days 132,000 165,000 19%,000 264,000 330,000

Coisent making pashinery 5,700 6,270 6,840 7,695% 8,550

Auxiliary ¢ puipiment (lininos,
pipes, orinding media, etc.) 600 660 720 810 900

Spare parte, mechanical 660 720 810 900
Electyic.i equigas nt 1,430 1,560 1,755 1,950
Spare part -, clectrical 110 120 135 150
Process control cquipment : 330 360 405 450
Ercction and aduinistration 1,980 2,160 2,430 2,700
Building work 7.480 8,160 9,180 10,200

FPouads, fences, levelling of
site 220 240 270 300

Water supply plant 110 120 135
Quarry equipment etc. 660 720 810

Opening of quarry 110 120 ~ 135

otfices, lahoratorv, repair
shop 220 240 270

Freight and insurance 660 720 810
Consulting Engineers Fee 440 480 540
Contingencies 660 720 810

Total US d-1lar: x 1000 . 22,000 24,000 27,000

US dollars/t/ycar 133 121 102




'PUTS FOR THE CEMENT PLANT

The cement industry can only {lourish where the neoessary
raw materials are available. Thesc raw materials are as
mentioned above, lime. tone and clay, but it could also be
some similar mineral, or waste (for instance chiorale, ash
and slayg), from which a raw mixture can be obtained of the
following composition:-
65% lime (Ca0), 23% silica (510 ), 2.5% iron oxide
(Fe. 03) aind 5% aluminjum oxide (.AL O ), all in
respect of calcined materials,
The raw material usually contains other compounds which
are generally useless, though harmless, in cement product-
ion. But it must contain havmful compounds such as
phosphor (P) and magnesiun (MgO) nust be under 5%.
An exact chemical analysis is therefore essential.

The amount of raw material neceded to produce 200 000

tonnes of cement may be estimated to 360,000 tonnes,
To cover an annual production of this figure, for 50
Years, a raw material supply of 18,000,000 tonnes is
necessary.

Water is also needed for the production of cement, but
it should not bhe any problem with fresh water in Panua
New Cuinea. The high rainfalls throughout niost of the
country have resulted in a great number of rivers having
a large flow volume.

Electric power requirements are generally 100 kwh per
tonne cement, producing 200,000 tonnes cement annually.

The power requirements will be about 4,000 kw (average
2,500 kw). It should be possible to obtain power supply

from the hydro-electric power station in Ramu Scheme at
about 0.04 US dollars per kwh.




I Dave had o meeting with the blectricity Commission
which has informed mo that the costs of installaticn of
Povel St Do Lo Sankuwop o would be about 300,000 US dcllars.

Fucl of one kind or anothoer is required for the production
of conient. fhe quantaity depending on the process used -
wet, semi-dry or drv, and also on the construction of the
kiln. FPor tio rotary Liln, all types of fuel can be used.
The 1ost u:ual being fuel oil, coal or natural gas. For
the shiaft niln, only solid fuel can be used. For the
product ion 7 200,000 tonnes cement in the dry-process,
20,000 tonnes of fuel oil are needed. The guantity of coal
and natural gas needed is correspondingly higher and

proportional to the calorific value,

Staff A cement plant for 200,600 tonnes annually will need
at leest 150 workers, skilled workers and operational staff.
The plant calls for a staff with the necessary knowledge

of, and experience with, heavy machinery, electrical

equipment, analysis ot raw materials and the use of cement,

Arca needs A cement plant for 200,000 tonnes annually will

need an arca of about 60,000 m2 for a plant site.

Natural gypsum ston2 is used in the last stage of cement

production. For 200,000 tonnes cement, about 10,000 tonnes
gypsum wil . nec There ig no gypsum in Papua New
Guinecu, but 1t could bce imperted very cheaply from Australia.
Gypsum (Caso-l) is mixed with clinker in the cement mill.

The gypsum regulates the hardening time of the concrete.

The normal supply of gypsum 1s 2% to 5%, depending on the

quality.

Consumcr of cement Cement is not very much used as a

building material in Papua New Guinea. Construction of
houses are mainly made in stec)] and wood. Several bridges
in the Highlands Highway are made of steel and wood. The




above mentioned construction nateriars Goo e L ael o
life. Furthermore, steel and wocd have hicher mnirntene Lo

costs thun concrete conotruction would harre .,

The extremely high price for the import and transprve o
cement scems to he the main reason WY cement s s Lot ous.l
very much in construction work. The et way Lo L Lin
local manufacture of cement cheaper for the coasunsr |- to
have a hioh consumption cof cement per capita. With (he
rapidly rising price of steel, the cement will be e v
useful in competition as a buiiding naterial.

The distritution of coment

To reduce the price of cement for the consumer, the
transport costs need an investigation. The present
transport costs in Papua New Guinea given by the

Departmcnt of Tiansport seem to be too high.

In Niger, Africa, where I had my last duty in March 1975,
the transport costs per tonne cement, 500 km on road,
were 20 US dollars. For the same disiLance in Papua Now
Guinea, the transport costs are about 80 US dollars

per tonne cement.

Most of the cement in Piruu Nev Guinea is distributed
by vessel and the Department of Transport at present
transport about 37 US dollars per tonne cement fron Lo.c
to the main towns in Papua New Guinca.

With a specially built vessel for hulk cement and with

Packing plant on boar i, there zculd be a strong redrction
in the transport costs of cement. Al5o, the cement via:ii
could have depots in the main towns in the Highlands and

with the cement plant's own lorries supplying these deno
with cement.




INFORN\TTON N ORSSARY FOR DESIGN OF MAIN MACHINERY
FOR 11F DROLUCE 1o OF CEMENT

1.

General layout
Popograph’cal map of plant site, giving roads, river,
hart our, ct.

Temperature, altitude, wind direction, water

precipitation, etc.

Crushing scction, raw mill section

samples oi all the raw materials to be utilized.

Informatio. about natural humidity in raw materials.

Raw Mecal Storage

Information about the qualities of cement to be
produced.

Kiln section and fuel preparation

Desired capacity of plant.
€amnloc of €uc]l or technical characteristics of same.

Cement mill section

Qualities of cement to be produced (type, finenesses)

and desired output of each.

Packing plant
Quantity to be despatched in bags and in bulk.
Size of Lays. Quantity to be despatched by truck or

vessels.

Electrical equipment

Characteristics of power supply (voltage, cycles).

Any special information




STUDIES PRIOR TO ORDERING

It is yenerally not advisable to rely on a single
contractor for the purchase and installation of eguip-
ment and the execution of the prciject.

The government or the owners should form a local organi-
satiun, preferably with the assistance of a corsultant,
who should be carefully selected to co-ordinate the
activities of the various contractors entrusted with
diffcrent aspects of the project.,

The question of penalites for non-ful filment of the
contract must be clear. In most cases, penalties are
considered symbolic, since they may not exceed ten
percent of the value of the contract.

The establishment of a cement plant involves certain
industrial risks and it is desirable that such risks
shouid pe shared by the supplier and the buyer.

For training of local personnel, it would be advisable
for suppliers to arrange first for the training of
personnel in an advanced country, in addition to training
them in their own plant.. The most satisfactory training
programme would be that personnel receive in-plant
training by foreign experts in Papua New Guinea first,

followed by additional training in an advanced country.




LXAHPLU FOR SPECLIPIC CAACITY

FOR A ¢1 SENT PLANT PRODUCIRG 700,000 Tonot i aNG P A

.

Clinker production 600 tonnes per day, need about 1000

tonnes raw materials. 75% limestone, 25% clay.

Crusher

Working 40 hours per week : 130 tonnes per hour

Guarantecs : Maximum size of feed materials 0.6m
Crushed material 0-25 mm with maximum

3

10% residue on 25 mm square mesh.

Test tinwe:s 2 x 8 hours
Ponalties : For every tonne/h of under-performance - 1%
For every l% over 10% + 25mm - 0.5%

Store of raw materials
Raw materials for 2 weeks : 14,000 tonnes
14,400 tonnes

Clinker for 4 weeks

Grinding of raw materials
Raw mill 120 hours per week : 60 tonnes per hour
Guarantees : Feed materials < 30 mm
Moisture content < 10 percent
Pineness 10% + 0.09 mm
(residue on the 4900 mesh screen)
Final moisture 1 per cent
Test time : 2 x 24 hours
Penalties : For every 1% of under-performance with

fineness of grinding set at 10% + 0.09
(10% residue on the 4900 mesh screen) - 1y
For every excess kwh/tonne - 0.5

Homogenisation silos and storage silos

The homogenisation silos should be built on top of

the storage silos. There should be two storage silos
with enough storage for four days production : 2 x 2000
tonnes raw material. The homogenisation silos should




contain 2 x 500 toones aw materj 0 N I
8ilos could be giur, booabt 2am, o
8ilos should be glom, .1t 7,

Homogenisation of Fa a1 1als
s L2 M v aly
Guarantce Homogentaa: G v axamam ¢ hour s

Raw material from Tav 1) max muwa
+ S
= b per ocoat L.d(.’)3
. . + .
Homoginiz  d yaw hweal paximum - 6, o5 ner
cent CaCO‘
Test time : 24 houre

Penalties Supplicers to supmit Freposals for toe

.

uaranteed performance of the system
d

offercd,

Require raw meal with < 1 per cent variaticn in
CaCO3
Guarantce ; 999 Kcal/ 1 clinker, tolerance of +3 per cent
Test time : 3 x 24 hov g

content.

Penalties : for every l¥ of under-performance - 1 s
for every 25 Keal over-consvmption
per kg clinker - 1%

for every . xcess kwh/tonne 0.5¢

Cement grinding nill
Working 120 hours per week @ 35 tonnes per hour
Guarantee

Feed stock <« 30 mm

Fineness of grinding 8-10 percent + 0.09 mm
(Residue on the 43¢0 mesn screen)
with 2 weeks ol4d clinker,

Test time : 2 x 24 hours

Penalties

For every 1 per cent under-performance

with fineness of grinding set at

® per cent + 0.09 mm -
(8 per cent residue on the 4900

mesh screen)

for every excess kwh/tonnre - 0.5y

[
"




Coment o srlas
The silos should consist of 2 x 3000 tonnes cement
corresponding to 10 duys production. The cement

81 i could be glanm, herght 27m,
Paching plaut
Capacsty 76 tonnes per hour

Bulk loading points for 120 tonnes cement per hour.

Transport of raw meal, clinker and cement

Transport screws, elevators, chains and pneumatical

tiansport should be built with by-pass.

a) The supplier must prepare to carry out the

acccptance tests at the latest three months
after starting.

The company reserves the right to reduce the
duration of the tests.

A repetition may be required in the case of
unsatistactory results or bare fulfilment of
requirements.

The measurements to be made shall be agreed
upon with the supplier by a commission of
company representatives before the acceptance
tests are carried out.

After the acceptance tests, a joint report will
be made and submitted to the company for
certification.

The plant shall be taken to be accepted as
soon as the report has been certified by the

company .




TERMS OF PAYMeNT

1.

2.

Cash payment to supplicr, paid out of company's
available funds.
Examplce: 30 per cent at time or ordering,

30 per cent 6 months after order,

30 per cent successively against shipping
documents (for instance, 10 tc 15 months
after order),

10 per cent after fulfilment of production
quarantees.

Cash payment to supplier financed locally.
Local financing from commercial banks, development
banks, etc.

Cash peyment to supplier, with credit from international
organisations. )
Example: International Bank for Reconstruction and
Development (World Bank)
International Finance Corporation
Inter-American Developrient Bank.

Credit granted by suppliers
Buch forms of credit are generally supported by
government agencies of the supplier's country.
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Countant

20,000
15,00
15,000
15,600

drll.va/vear

T Ai")l!d]u'"‘ aX

dollars/year

dolicrs/year

toy nanagement

65,000

5 dollars/year

for muan, mechanical workshop

to

mechany o3

1

br

carpenters

un

ruman, ¢ lectrical workshop

10 x 2450 US dollars/year
G bl an baiin 15 & 245U US dollars/year
icklayers 3 x 2450 US dollars/year
. 2 x 2450 US dollars/yecar

skilled for workshop
: 10 x 1600 US dollars/year

S dollars/year

delliars/year

dollarc/year

; dollars/year

dollars/year
dollars/year

; dollars/year

for mechanical works

dollars/year

Produstion

(a) Labus avesy

1
4

foreman works laboratory

laboratory assistants

+ 4 x 2450 US dollars/year

special skilled workers

: 4 x 2050 US dollars/year

dollars/year

dollarc/year

dollars/year

for laboratory

'S dollars/year

(marvies
I ML

foreman quarries

dr

ivers : 5 x 2050 US dollars/year

workers (unskilled)

: 3 x 1600 US dollars/year

dollars/year

dollars/year

dollars/year

for quarries

dollars/year




(e)

General shift

3 loremen general shift
3 x 5000 us dollars/year = 15, i oons
4 raw mill (skilled)
4 x 2040 US dollars/year = 6,200 15 doilerz/yvear
8 Kkilp (skilled)
8 x 2050 us dollars/year = 16,400 US dollars/vear
4 cement mill (skilled)
: 4 5 2050 US dollars/year = 3,200 Us doullars,vear
5 raw materials silos (unskilled)
¢ 5 x 1600 US dollars/year = 8,000 U3 dollars/year
4 cement silos (unskilled)
: 4 % 1600 US dollars/year = 6,400 US dollars/year
28 for gencral shift = 62,200 U5 dollars/vear
(d) Packing plant
1 foreman packing plant = 5,00C US dollars/vear
15 workers {unskilled)
: 15 x 1600 US dollars/year = 24,000 US dollars/year
16 for packing plant = 29,000 US dollars/year
{e) Yard gang
1 foreman yard gang = 5,000 US dollars/year
20 workers (unskilled)
: 20 x 1600 US dollars/year = 32,000 Us dollars/year
21 for yard gang = 37,000 US dollars/ycar
Costs accounts
1 S8torekeeper - 2,430 US dollars/year
1 stock accounts = 2,450 US dollars/year
1 wage accounts = 2,450 IS dollars/yecar
1 ordinary accounts - 2,450 us dollars,/vear
12 clerks : 12 x 1600 US dollars/year = 19,200 US dollars/year
10 workers (unskilled)
: 10 x 1600 US dollars/year = 16,000 1S dollars/yeer
26 for costs accounts = 45,000 US dollars/vear




Total costs for staff

Management H 65,000 S dollars/year mancower
Mechanical works : 87,250 US dollars/year narprwey
Laboratory : 23,000 US dollars/year manpower
Quarries 20,050 US dollars/year 9 manpower
General shift : 62,200 US dollars/year manpower
Packing plant : 29,000 US dollars/year manpower
Yard gang : 37,000 US dollars/year manpower

Cost accounts : 45,000 US dollars/year manpower

Total salaries : 368,600 US dollars/year manpower

Per ton cement : -;—g%‘%%% = 1.80 Us dollars
'
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Ccsto ot omedagtion T a0 00 B v el b I_yeal
‘_g)_____Li\.pr-‘mt.’i\n of .. ital experditure
See cap ital expunditure payge 28
Points 8, 9, Yoooand 13 with %% of 8,760,000 = 434,000 US dollars
Points 1, 4, € and 11 with 10% of 9,480,000 = 948,000 US dollars
' Points 2, 3, 5, 7, 12, 14, 15, 16 with ‘
204 of 5,760,000 = 1,152,000 US dollars
24,000,000 2,538,060 US dollars

2,538,000

2. . : on C t
200,000 12.70 US dollars per ton cement (a)

b) _Fuel Costs

For 200,000 tons cement about 20,000 tons fuel oil is needed.

Present price of heavy fuel o0il in Papua New Guinea = 170 US dollars
per ton.

Fuel costs = 17 Us dollars per ton cemant {b)

c) _salaries

See pages 38 and 39 = 1,80 US dollars per ton cement (c)

d) Power Costs

Energy charge 1.4 toea/kWh = 0.02 US dollars/kwh

per ton cement 100 kWh = 2,00 US dollars/ton cement
Demand charge

K850/100 kW/month = 1214 US dollars/100 kW/month

-———-6002"‘ 10 = 2,500 kW

25 x 1214 = 30,350 US dollars per month
30,350

L TR LA AN a

€00 x 30 = 1.70 US dollars/ton cement
Energy charge 2.00 US dollars/ton cement
pemand charge 1.70 US dollars/ton cement
Total for power 3,70 US dollars/ton cement (d)

e) Bags Costs

About 6 US dollars per 20 bags = 6 US dollars per ton cement (e)




f) Raw Material Costs

It is assumed to be 3 US dollars per ton cement

g_}‘__’_l;uhficants, Syures, Water, ctc.

It is assumed to be 3 US dollars per ton cement

h) Overheads

It is assumed to be 2 US dollars per ton cement

Total costs per ton cement

a) Depreciztion 12.70 dollars/ton cement

b) Fuel costs 17.00 dollars/ton ccement

c) Salaries 1.80 dollars/ton cement

d) Power costs 3.70 US dollars/ton cement
e) Bags costs 6.00 US dollars/ton czment
f) Raw Material costs 3.00 US dollars/ton cement 6%
g) Lubrieants, etc. 3.00 US dollars/ton cement 6t
h} Overheads 2.00 Us dollars/ton cement 4"

Costs p~v ton cemont 49,20 US dollars 1008

To above mentioned costs must be added aboutr 10 to 15% for tax, social
service, salaries for direction, reserve funds, etc., about 5,R0 US
dollars/ton cement.

Total production costs 55 US dollars per ton cement.
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Y, tonnes coment in vajua New sua

of Transpor. ol

BERTRL) SRS SR

15 34040

Lo delivered in Govoka aund another 20« is deliveied 'n

(vt g et bt dlea
Tonnes Freight Production Freight & Total) Cost
Cement Costs LSS Costy US§ Frcduction us$
per tonnc per tonne US$ per
Cement Cement tonne
Cement
1. Port Moresby 704,000 34 55 89 6,230,000
2. lae ‘ (51,900) - 55 L1 €57,17%
3. Kieta 34,000 38 55 { B ] 3,162,000
4. Rabaul 24,000 36 55 91 2,184,000
5, Madangy 10,000 34 55 a9 890,000
6. Wewak 6,000 38 55 L )] 558,000
7. Kavieny 3,000 K1) 55 93 279,000
8. Samarail 1,100 36 55 1 )} 100,100
9. Lorengan - - - -
10. Goroka 15,585 46 13- 10} 1,574,085
11. Mt. Hagen 15,585 79 5 1M 2,088,390
Total 200,000 17,922,750
17,922,750
"2"0'0““4_"000 = 90 US dollars per tonne cerent (K63) produced in lae
[

Cement plant in Port Moresby area

There have not been any investigations made in the Port Moresby area.
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Ceament plant in Finschhafen or “3idor or Vanime

For a cament plant built in above menticned arens, almost all the cewernt
would have to be shippped and tranzperted to the nain town:,

1. 200,000 tonnes cement shipped at 37 US dollars per
tonne i.c. 7,400,000 US3

2. 30,000 tonnes cement to the Highland. at o0 US

dollars per tonne, i.e. 1,050,000 Uss
3. Production costs at 55 U5 dollars per tonne

cement, i.e, 11,000,000 Usé

4. Construction of power station 2,000,000 US dollars
dap. 100 200,000 US$

0,4C2,000 Us$

% = 102 U8 dollars per tonne cement (K71) produced in:
'

Sament plant in Chimpy ares

1. 20,000 tonnes fuwel o0il from Lae to Chimbu @
2. 10,000 tonnes gypsum from lLae to Chimbu t
3. 170,000 tonnes cement from Chimbu to Lae :
4. 185,000 tonnes cemant shipped to main towns :
a) Production costs 55 UB dollars per tonne cement, i.e. 11,000,000 USS

b) Puel transport - 20,000 x 50, i.e., 1,000,000 US$
¢) GOypsum transport - 10,000 x 50, {i.,e. $00,000 US$
d) Cement transport tc Lae - 170,000 x 50, i.e. ¢,500,000 US$
e) Cement transpert from Lae -~ 155,000 x 37, i.e. 8,735,000 US$
f) Cemstruction of power station - 2,000,000 US dollars

dap. 100 200,000 USS

26,935,000 USS

W - W«ngt (X9%) prcduced in
’
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NIDA has asked me to give a view of smell plant sizes,
with simple techaolegy, that couid Lu tzeful in the
government's Eight Point Programme which, among other

things, prcfer decentralisation of econoinic activiiy.

Cement making is a very simple process and has oalvays
been open to newcomers dand prosess patents and secret

know-how have never played a significant part in it.

Everyone can make his own caemnent when he has calcorous
materials. The process is only to heat thc calcorcus
materials to about 1450°C for a certain time and the
cement is ready. This can be done in any kind of
quantity in our kitchen, in the garden, or we could huiid
a simple kiln and mix wood and calcoreus materials. We
do not need special skilled personrel to do it for us
but if we make our own cement in this way we do not know
very much about the quality of the cement. There are
however many building works made 1000 years ago with
cement made in the above mentioned way.

But we must say that this kind of cement making hardly
exists today. If we have to use the cement for practical
purposes we must know the composition of the raw materials
and the strength of the cement.

In cement making, heavy raw materials have to be handled
and some kind of equipment will have to be used.

There is hardly a company today that would make equipment
for a cement plant less than 100 toanes cement per day.
i.e. 30,000 tonnes per year and thesec kinds of small plant
sizes are likely to be found only in developing countries
at an early stage of industrialisation.




RECOMMENDAT O S

I The size of the cement plant and the moethed o LIk
1) The cement plant 3houid e bullt for 250,000

tonnes of carent por o vear.

2) The process sihould Le dry-process, rocavy koln
with prelicater.

Motive:

a) The present consumption is only half a weyg of
cement per capita, j.e. 70,000 tonnes comant
per year. The extremely hich price of imworiad
cement is the inain reason why nany avoeid the use

. of cement in construction. With local manufacs-
ure of cement, the cost of cement will Ls ab~uc
half the present cost. One or 1.5 bags of
cement per capita ie cqual to 150,000 to 227,000
tonnes cement per year. In EBurope, each cazwita
consumes ten bage of cement per year.

b) The manufacture of cemeat is only economical if
it is manufactured in a gplant above a certain
minimum size.

c) The ccmpanics involve?l in the investigaticon cf
the cement industry in Fapua New Guinea (Blue
Circle Southern, Australia and Hyundai Creoup,
Bouth Korca) will be able to guarantee expor:
of surplus cen>n. from Papus New Guirnea.

d) The process shculd be dry-process, rotary kiin
with preheater - the most economical process
with the high f:ocl costs. Also, the nost
usual proces:s tvduy is dry-process and this is
important for the training progremme of incal
peopla.
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The most suitable site for coment i ufntiuve in
Papua Nhcow Cuinea

1) mhe most suitable site for the cement industry

will be the Lae area.

Motive:
a) It is the centre of Papua New Guinea
b) It is the area wherc the demand for cement is

concentrated and it is the most industrialised

and populated.

c) There are road connections with the Highlands
4a) There is access to a wharf
e) Electric power could easily be supplied from Lae.

From a cement plant built in Finschhafen or Saidor
or Vanimo, all the cement will have to he thipped,
power plants have to be constructed.

The deposits of limestone it in Sankwep which is
about 15 miles from Lae. There are 10 miles of good
road and five miles of road in bad condition.

The best will be -

1) to build the cement plant near to Lae and
arrange transport of limestonc to the plant
in a conveyor. Other possibilities could be

2) to build the cement plant in Sankwep near the
deposit of limestone and transport the cement
in a conveyor to lae.

3) to build the clinker making plant in Sankwep and
the clinker grinding plant in Lae. The weight
of clinker is about half of the weight of the
raw materials used to make clinker.

The company which is given the order should
be asked to give a feasibility study about the
three proposals.

For cement plant in Finschhafen or Saidor or Vanimo,
the plant site could be near a deposit of limestone
and harbour.
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The companies which should be invited to suknit

a feasibility stucy oo the cerint ERDIRES

The government. of Papua New Guinea chould irwvisens
Blue Circle Southern, Australia and Hyvndai Grovop
as associated partners.

Motive:

Blue Circle has had extensive experience iy slantg
design and operating of cement plant in Austraiia,
Mexico and Africa, where they alsc take carze nf

the marketing cf cement.

Hyundai Group would be able to send manpower for

the erection of the plant. Furthermore to make the
most cement making equipment in South Korea. The
Group has done successful work with the hydro-electric
power station in Ramu Scheme.

The advantage with the two groups is that they will
guarantee the export of surplus cement produced in
Papua New Guincz and the two arours will alsc be akble
to raise capital for the establishment of a cenent
industry in Papua New Guinea.

NIDA has already had a comprehcnsive list of
consulting companies i the cement industry, but
NIDA should rather ho.c a company that will take
care of the raising of working capital, operating
of the plant and marketing of the cement.

FOLLOW~-up activity of UNIDU expert
After the government has invited companies for tender

for the cement industry in Papua New Guinea, they
should request the UNIDO expert to set out a proiect
for the safeguarding and training of local personnel.
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Request. from i vovornment of Papua New CGuinea

for &pocicl Indu.irial Sceivices

JOBb DESCRIPTION

IS/MNG/75/010/11-1703

Post Title: Adviscr i1, cstablishinent of cement industry
Duration: Two montiis

Date rcguired: As soon as possible

Duty station: Port Movosby with travel in the country and overscar

Duties: The cypcit will be assigned to the Government of Pap:
New Guinca to as: st and advise the Naticnal Tnvestme:
and Devolepment Cuthoraty (NIDA) in evaluating
di fferent schemes fur the cstablishment of a cement
indu:ir,. €, -7l Ty tho evpert will be expected tc:

1. assist in appraising different raw naterials for
cement proluction and advise on their
cuital, 't for different production
procestes;

2. assist in evaluating the cement market taking inte
account fulure growth of consumption;

3. advise on the claboration of tender specifications
for international bidding and assist in
establishing a list of companies who should
be invited to give proposals for the
establishment of the cement industiy;

4. assist in the evaluation of company proposals and
participate in technical negotiations.

Language: English

Qualifications: Industrial Engincer with extensive experience from
establishment and operation of cement factories.

Background The manufacture of cement in Papua New Guinea has
nformation: been under discussion for many years and the National

Investment and Development Authority is at preseént
examining the possibility of realising 3cme of the
ideas. Factcry propcsals ranging from 12,000 tonnes
per year to 1,000,000 tonnes per year have been
suggested for various localities, but +he government
has no svecialists with suitable technical exveriaernce
to evaluate the proposale technicaliy. The countXy
hag cxtensive limestone resource3d and will have
hydro-clectric power from the Ramu Scherme.
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LIST OF PERSONS MET IN COULUCTION WITH CRMPHL FrQIRGT

PORT MORESBY, PAPUA NLW GUINEA

UNDP t Mr T M Upnwin, Resident Reprasentotive

Mr T Jones, Programme Otficer

NIDA t (National Investment & Develcpment Authcritv)
Mr T Allen, Executive Director
Dr Vern idarvey, Deputy Executive birector
Mr Tony Winterkottom, NIDA officer (1
Mr Moi Kanat, NIDA officer (1)
(1) main contact during the mission.

LAE, PAPUA NEW GUINEA
Hyundai Construction Co.

Mr Y M Baik, Manager of Lae office
Mr Kim, Manager of cement proiject

SYDNEY, AUSTRALIA

Blue Circle Southern
Mr A M M Spurr, Director-Technical Services
Mr M Robinson, Senior Gewlogist

Tower Research and Development
Mr L Anderson, Chairman

MELBOURNE, AUSTRALIA
Dr Steven Gottlieb, specialist in shaft kiln.




PAPUA NEW CUINEA : BASIC DATA

Area (squarc miles) ’ 184,000
Estimates of total midyear population:
1971 2,510,000
1980 3,370,000
Percentage of urban pcpulation in 1974 12%

o —————— e St e .

Annual rate of growth of total population:
1960-70 average 2.8%

Gross domestic product (miliions of 1968/69 US dollars):

1969 : 453 - 1970 : 504 - 1971 : 557

1972 : 571 - 1973 : 621 - 1974 : 696
N.D. Income per capita (1970 US dollars) 1971/72 __ 157
Rates of annual growth:

Total GDP in 1971/72 - 1972/73 : 8.8%,

1972/73 - 1973/74 : 12.1%

Gross investment (millions of 1970 US dollars)

1972/73 : 128 - 1973/74 : 100

Trade (million of US dollars)
Export : 1972 : 143 - 1973 : 292 - 1974 : 531
Imports: 1972 : 359 - 1973 : 290 - 1974 ¢ 301

Exchange rate (units of the national currency per US dollars)
June 1975 : KO.7
Per cent change in corsumer price during 1973 : 13.6%

Central Government tax revenue
1973/74 : 43.6% of total revenue

Percentage of total Government expenditures for:

Education (1973) 17.43%

Public health (1973) 8.3%

Housing (1973) 5.5%
Birth rate per 1,000 inhabitants (1974) 44.2
Mortality per 1,000 inhabitants (1974) _ 16.3
Infant mortality per 1,000 live birth (1974) 96.0
Years of life expectancy at birth (1970-75) _ 52.9
Percentage of literacy (1974) 15%-25% (poor

i

statistic)
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