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Foreword

The International Symposium on Industrial Development, convened by
UNIDO in Athens in 1967, was the first major international meeting
devoted exclusively to the problems of industrialization of the developing
countries. It followed a series of regional symposia on problens of
industrialization held in Cairo. Mamla and Santingo in 1965 1966
under the spousorship of UNEDO and the United Nations regional
economic cormnissions, and a similar symposium held in Knwait i 1966
under the sponsorship of UNIDO and the Government of Kuwait.

The Athens Svmposium was attended by some 600 delegates from
78 countries and by representatives of various United Nations bodies.
international organizations and other interested institntions in the publie
and private sectors. 1t provided a forum for discassion and exchange of
views on the problems and prospeets of the developing countries which
are engaged in promoting accelerated industrial development..

The Symposium devoted special attention to possibilities for inter-
national action and for co-operative efforts among the dev sloping coun-
tries themselves, and explored the scope, means and charmels for such
efforts.

Studies and papers on a wide range of problems relating to indus-
trialization were presented to the Symposium —by the UNIDO secre-
tariat and by participating Governmenes, international organizations
and observers. An ofticial report, adopted at the Symposium, has been
published by UNIDO Based on this documentation and the discussions
in the meeting. the present series of monographs is devoted to the 21 main
issues which comprised the agenda of the Symposium. Each monograph
includes a chapter on the issues presented, the discussion of the issues,

! Report of the International Symposium on Industrial Development, Athens 1967
(ID/11) (United Nations publication, Sales No.: E. 69. 1L. B. 7).




and the recommendatious approved by the Symposinm. Scme of the
monographs deal with specific industrial sectora; some with matters of
genersl indnstrial poliey . and others with varions aspects of international

sconomic co operation An effort has been mudde to make the monographs
comprehensive and selt contamed. while the varions cronomie, techno-
logrenl and mstitutions] aspeets of the subject matter are treated within
the context of the conditions generally prevmbing e the developing
countries

Sinee ccononnie. technologieal and mstitutional aspects are deseribed
with particular reference 1o the needs of the developimg countries, at s
felt that the mounographs will make a distinet contribution e therr
respective arcas They are mtended as a source of general imnformation
and reference tor persons and mstitutions n developing conntnes con
cerned with problems of industrmlization. and particularly with problems
and ssues of mternational co operation i the tield of industuiatization,
With thas i view it was considered that an unduly detailed technieal
presentation shoukl e avorded while at the same time enongh substantive
matenial should be oftered to be of value to the prospective reader. For
a more elaborate treatment of the subject . the reader s referred to the
selected hist of docume nts and publications annexed to each monograph.

The annexes also contamn information on the areas m which UNTDO
can provide techmeal assistance to the developig countries on request
a selected hat of major UNIDO projects in the respeetive fields and a hst
of meetings recently orgamized by the United Nations,

It hoped that the monographs will be particularly useful to
Governments m connexion with the technieal assistance activitie v of
UNIDO and other United Nations bodies in the field of industrial
development.

This monograph has been prepared by the secretariat of UNIDO
on the basw of material submitted by P’rofessor D. A. Turin and
Mr. T. O’ Brien, University College, London.
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EXPLANATORY NOTES

Dollar ($) refers to US dollar unless otherwise indicated.
Ton refers to metric ton (1,000 kg) unless otherwise indicated.

The following abbreviations are used in this monograph:

ECA Economic Commission for Africa

ECAFE Economic Commission for Asia and the Far East
ECE Economic Commission for Europe

EEC European Economic Community

FAO Food and Agriculture Organization of the United Nations
GDCF  Gross Domestic (apitai Formation

GDP Giross Domestic Product

GNP Gress National Product

UNIDO  United Nations Industrial Development Organization
UNDP  United Nations Development Programme







INTRODUCTION

Construetion is a major component 45 to 60 per cent  of capital forma
tion Capital formation inerecases with per ca pita national imcome anel the
share of copetractyag, Apgwoars to Faee lncfr;wmfe nt ot the stage of conpone
development Bading naaternads and components contribute hetween W
aned 600 per cent of the toral value of construction catpat Phe bdding
miateriabe prubustey oo there bore oy connectest with the plocess of

development

Thic monegraph shoubd be read v conpanction wath the monograph
on the construction mdustey cMonograph 2 this series<) a< the two
imdusties are closedby hinked Construetionasa comples aotmaty imvalvimg
the assembhy on site of different topes ol structure osng o range of
mater als inputs The comstruction imdustey differs cseo ntialls o the
matufacturnmg adustery o that ot s carned ont i the pdace where the
crol product will be nsed 0t s generaliy a low techonodogy medastry 1t
v olves the assembhy of Bulky materiads at present the vl proddne s
sormally sold betore at s made and the imdustoy beares prommenthy an
fong term move=timent decistons Fhe banbbing matermis andustry evists

nnf_\ oo serve the constro e s lustey

Chapter 1 pomts out the ditteadty of detinng the badding matenials
imdustry . Some waterals e used exchusively i construction others are
used also n other ndustries The mterrelationshap s compley andd the
horderhoe between the buibing materals arad the constroction imdustoy 1.
thid Some watenals <uch as coment stes b timber and brick< may bwe
deseribed as key matenials beeanse they are exantial i most constone oy
and because they account for more than 50 per cent of the matermls used
o many buldings Other matenals are dhispensable an the sense that
although not used i darge amounts erntieal shortages ot them may
serionshy ampede constrinction

The fonr categories of construction international modern national
modern, national conventional and teaditional  make different demands
on the building matenals mdustey Simularly | the requirements for mater:
mls differ between varnious tvpes of bildig and between binlding and




2 BUILDING MATERIALS INDUSTRY

civil engincering. Thus the demand for materials is affected not only by
the construction technology used but also by the composition of
construction ontput.

International trade statistics show that in some countries imports of
building materials represent a significant percentage of total imports. In
addition. such imports may aceonnt for a large percentage of the building
materials used A strong ieentive for loeal prodnetion is that many such
materials can be produced locally thus saving foreign exchange.

Even when national construction ontpnt s fairly constant . consider-
able thictnations mav oceur at the local level, and the demand for bnild-
ing matenals will hkewise Huctuate. Building matenals are not usually
transported over great dhistarcescowing to their low value weight ratio.
The production of many bulding matenals tends to he dispersed - local
hici uation= m denrand therefore resalt i loeal inetuations in production.
Ouly rarely 1< there suficient contidence m future demand to permit pro-
ducers to butld ap stocks and thas attempt toiron out sich trade eyveles.
The 1ssne of cotfidence s unportant if the mvestment of private and local
public capital w to he enconraged

A few materials must be produced n large scale. centralized plants.
In such casex the mamn problem apart from the fluctnation i total
demand 1= capacity utihzation Under utithzation of capaaity is endemice
in developmg countries It cannot easly be ehmmated becanse demand
grows slowly  there are few manufacturmg plants. and their capacity can
be increased only o diserete stages

Chapter 7 attempts to evaluate trends m patterns of consumption, in
order to determine targets for the levels of production of key building
materials The per capita consumption of cement . steel . sawnwood, wood-
bawsed pancls and plasties 15 seen to inerease as the per capita national
income rises

Although the relationship hetween levels of consumption and nation-
al income 1 any given vear cannot antomatically be assumed to hold
over a period of time, there 1v evidence to snggest that it s constant for
cement . steel and wood based pancls  Consumption of sawnwood is
decreasing in some countries the rate at which plastics are substituted for
other materials will change the relationshaps in time

The conmumption of cement and steel i construetion does not rise
proporaonately with imereased expenditnre on construction, sinoce the
percentage of construction expenditure devoted to civil engineering and
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building carcase falls as development proceeds. On the other hand, con-
sumption of wood-based panels and plastic tends to rise faster thanexpend-
iture on construction. Thus, changes in the relationships beoween the
levels of consumption of key materials and the macro-economnic indicators
also depend on changes in construction output and on the substitution
of one material for another.

Chapter 3 suggests another approach to the problem of assessing
consumption of buildmg materials, since more detail is needed for national
planning than can be provided by the global analysis deseribed in chap-
ter 2. It 1s possible to evaluate the materials inputs into new buildings by
surveying existing construction. As the quantities of materials vary with
the type of building, & representative selection of the most common
types must be included. A table, based on a survey in a Western Kuropean
country, shows alternative materials for each functional element of six
types of buildings.

In order to assess total requirements per unit of construction, it is
necessary to take into account the possibilities of substitution of materials.
There is less scope for substitution in structural materials than in the
finishings of a building. In civil engineering, the choice of materials is
limited. Apart from cement and steel, the main materials used in civil
engineering are local rocks and soils. Local conditions and avatlabilities
are therefore important. Tables are given showing steel requirements for
single-storey factories and for bridges.

Chapter 4 describes the characteristics of the building materials
industry. Various stages in the industrialization of building materials
may be recognized. Walling materials are among the first to be produced
industrially, next, rooting and flooring matcrials: and after these, carcase
elements, fittings, finishes and equipment. These stages overlap to an
extent that varies from country to conntry. Madern construction uses
relatively small quantities of traditional naterials and dependence on
cement, steel and timber is world-wide, When production of any building
material is industrialized, a number of related subsidiney mdustries tend
to develop. As resources are normally limted. the developament of the
building materials industry should follow a strategy phasmyg the produc-
tion of building clements as well as building materials.,

Development plans should take into account not ouly the levels of
output required to enable construction targets to be met, but also a
number of production criteria for building materials; production problems
may often impose severe limitations on what can be achieved. For
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planning purposes, a full chart is given, grading materials according to
certain production criteria that are fully evalnated.

Among the factors that must receive detailed examination are the
sources of raw materials in relation to plant location. Investigation shows
that inputs are normally over 50 per cent of the total ontput value
of building materials. Pre-investment studies evaluating all factors con-
tributing to prodirction costs should pay particular attention to plant
maintenance costs. Studies must also be made of labour and capital
requirements and of the size of market in relation to the economic size of
plant. In arriving at the optimum solution, it will usually be necessary to
reach a compromise hetween mucket requirements and produietion factors,
The costs of the varions choices must be carefully considered.

Chapter 5 deals with the planning and organization of the building
materials industry. Difficultics are usually  experienced  in planning
owing to the lack of data on natural resources. eirrent production and
consumption and existing patterns of use of materials. The importance of
having information on which to base plans and forecasts is evident, and
the mechanism for obtaining it must be established,

Implementation of plans may be impeded by nadequate transport
networks, lack of technical know-how, lack of skills and lack of finance
and incentives. Unless these problems are considered and resolved, at
least in part. it may prove nnpossible to put apparently sonnd plans into
operation.

The production and use of modern building materials requires a
higher degree of technical know how than s generally recognized. As the
industrial production of butlding materials develops, supporting technical
mstitutions must be established. cluding ady ory services for producers
and consumers. pesearcl bihoratories for materials analvsis and an
authority that pocpares quadity standards and codes of priwctice. Sieh
services will take time 1o establish owing to the lack of qualitied staft,
The exact form of the instituone vequired will vary s in some conntries
they mayv ve undertaken by asangle. central hody,

It is often more expensive to produce materials locally than to
import them, in spite of high transport costs. In order to develop local
industry, it may be necessary to tmpose import controls until local
production costs can be brought down to reasonable levels: Thus Govern-
ments may often play a leading part in promoting local materials,
both indirectly through fiscal controls and directly by requiring that
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imported materials should not be used for government or government-
sponsored construction nnless spectfic approval is given. Iy general. the
question of finance and incentives for promoting building materials
industries is the same as for any other manufacturing mdustry.,

Chapter 6 deals with the work of the International Sympostum on

Industrial Development —the issues, the discussion and the recommenda-
tions approved.

Chapter 7 describes the action of UNIDO and other United Nations
agencies in connexion with the building materials industry,







Chapter 1

THE BUILDING MATERIALS
AND COMPONENTS INDUSTRY:
A REVIEW OF TRADE AND PRODUCTION

DEFINITION OF THE INDUSTRY

I't has often been pointed out that there is no generally accepted definition
of the building materials and components industry. It is worth repeating
this here in order to emphasize the problem of defining the scope of this
monograph. The range of materials used in new bnilding, maintenance
and civil cngineering is very wide. Some materials, sneh as cement,
bricks and gypsum plaster, are produced almost excelusively for nse in
constriuction. In other cases. although construetion may be a large, or
the largest. nser of the produets of an industry, sueh as iron and steel
products and wood and wood based products and plasties. these produets
are nevertheless produced for many other nsers.

Considerable overlap exists bhetween the building materials and the
construction induztry smee many materials are manufactured on site,
partientarly i the carly stages of cconomie development. The production
on-site of matevials hihe conerete blocks i constdered as part of the
constriretion process. At latee stages of development. such materials
are usually produced m factories and consteuction hecomes ar assembly
operation. My natenal dnpats are supplied inasemn processed or
simply shaped state, for example, ageresates for concrete. Production

of sneh inputs ot alway s recognized as amanufacturing mdnstry.,

National statisties and development plans do not recognize many
branches of the building materials industry, although they sometimes
cover branches that develop ecarly and use industrialized prodnction
techniques, inclnding key materials, sneh as eement. steel, wood and
ceramics. Constrnetion planning must take account of the whole range of
materials required, since critical shortages of small components like
screws, even though their value as inputs is slight, would seriously hold
up construction output.




8 BUILDINU MATERIALS INDUSTRY

Planning for the various sectors of the industry is difficult owing to
lack of statistical information. The key materials usually receive attention
because data are available from which to draw conclusions.

The variety of materials required in construction mey be illustrated
by noting six main categories of use:

Load-bearing structure;

External envelope (protection against weather);

Improvement of internal climate;

Hygienic requirements;

International subdivisions:;

Aesthetic requirements.

A considerable degree of co-ordination is required among the various
parts of the heterogencons building materials industry in order to produce
the various combinations needed. Tn the carly stages of industrialization,
this problcin is often solved by namifactnring inone place a wide variety
of products for i variet v of end nses. Av economic development progresses,
factorics hecome imercasingly specialized: they nmianufacture products
for one specitic mdustey or one pacticular prodoct. Thus, factories
formerly prodacmg & range of fabicated metal components tend to
specialize and produce metal window frames or stractural steel or
machinery.

The trend towards transferving (he production of butlding materials
from site to factory does ot ne cessarily mean ihiat sneh production
passes out of the hands of coustruction enterprises. Inoindustrialized
countrics. contractors are beginmng 1o sef up plant mannfactiring
specific niatermls cneh as hehtwerght agercgates, or to acquire  a
coutrollmg wterest i other industries. In these cises the produets are
not nsed exclustvely by the controlling crterprises but are traded tivongh
normal commierciad channet< This diversification of mterests on the part
of large contravctors makes the present situstion somew hat analogous to
that i carly stages ot development  when contzol of the construction and
building nuatericds industries is more itegrated.

Within thas trend. however, there s another trend towards “supply
and fix". wherehy the assembly or application of some  specialized
materials i~ curied ont onsite by aunit of (he manufacturing cnterprise.
This is an exaniple of manufacturers diversifying into construction at the

same tnne that contractors are diversifying into manafacturing. In
developing conutries, the situation may be confused still further if the
Government becomes a major investor in building materials production.
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THE BUILDING MATERIALS &St COMPONg NS INDUNTRY . A REVIEW @
Traditional and modern categories

In most developing countries, the construetion industry falls into
four categories: the international-modern, the national-modern, the
national-canventional and the traditional ' Fach category makes different
demands on the buildmg materials industry. In the first category, the
construction enferprises are international in character and tend to
purchase the most suitable materials from any source. At the same time,
the construction works undertaken may reguire sophisticated materials
such as high-strength steels, materials of particularly uniform quality
or materials from particular countries. Such factors militate against the
use of local sources. and a large proportion of the materials may be
imported.

National-moc ern construcuon is found chief ly in urban areas, and
the materials and the construction technology are similar in developing
and developed countries. It is therefore possible to discuss this categorv
in international terms.

In the traditional and national-conventional categories the situation
is different. The differences between regions may be attributed to varions
factors, for example, the climate, which determines the materials that
are readily available for use in building. This has helped to shape focal
tradrtions which have governed, mn turn, the form and character of
traditional, rural construction. A complete  classification of (limatie
zones has been worked out by Koppen and ( weiger.? Many countries do
not fall ncatly into one zone. Tropical climates may be divided into the
three following zones: warm humid, hot-dry. and composite.

Organic materials (timber, bami.oo, reeds ete.) do not grow well in
hot-dry climatex, hut they flourish under warm-humid conditions. They
are therefore used as binlding materials in countries in the wacin humid
zone. These organice materials are easy to use for building, particularly
for roofs. Limited amounts of inorganic materials, such as carth, are
also used o traditional building.

Countrie= m the second zone are short of organic materials; their
traditional building materials are morganic (e.g. stone. brick, hme and
earth). These materials are excellent for walling, but difficult to use for

! For further discussion of this subject, < » Monograp 2 "‘Construction
Industry” in this series.

* Koppen-Geiger, Klima der E-~de [map], revised by R. Geiger and W. Pohl;
Justus Perthes, Darmstadt, 1953.

2e




10 BUILDING MATERIALS INDUSTRY

roofing, for which some organic materials, such as timber, have to be
found. Countries in the third zone use a combination of organic and
inorganic materials.

The nationai-conventional category of building is found in semi-
urban areas in the subsistence seetor of the economy. It is based on
traditional meth ds and uses naterials derived from rural building.
However, these are supplemented with simply formed products, not
necessarily produced industrially, but derived from the modern sector,
The best cxample of this is corrugated iron for roofing, which is
particularly uscful in countries that are short of suitable roofing materials.

In view of the international character of the modern sectors ot the
construction and the building materials industry, it might be thought that
a study of the input output tables for the economies of different countries
would yicld valnable information. particularly about the interrelationships
between the various sectors. However, existing tables are not really
adequate for this purpose. Many do not even recognize coustruction as
& specific industrial sector.

TRADE IN BUILDING MATERIALS

Trade in building materials is sufficiently important to be identified
separately in the foreign trade accounts of many countries, although the
volume of trade is small compared with that in consumer goods owing to
the low value weight ratio of building materials and their relatively
high transport costs. For some materials the value/weight ratio is high
enough to make trade worth while: timber, glass and metal products are
examples. Cerent is traded. despite its usually low value,;weight ratio,
because production costs vary sufficiently from one country to another
to permit the transport costs to be absorbed. Still, cement plants must
export in bulk shipments, and as a rule only plants located at or near
ports can be competitive in price.

The development of modern construction calls for building materials
that often cannot be produced locally for a small market. The scale of
production required for some building materials does not allow economic
local manufacture until the l.cal market has expanded considerably.
Such a market may be built up by initially importing the materials. In
addition, ‘rade sometimes occurs because a particular country lacks
some indigenous raw materials; timber is the most obvious example,
but there are others, such as asbestos.
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The scale on which building materials are imported may be gauged
from information covering a number of countries in Africa, Asia and
Latin America over various periods between 1955 and 1965. These data
show that in most of the countries concerned. the value of imported
building materials ranged from 5 to 8 per cent of the total value of imports.
Since expenditure on building materials is from 3 to 5 per cent of the
gross domestic product (GDP) in developing countries. it is clear that
building materials, as compared with inputs for other industries, use up
a disproportionate share of foreign exchange.?

TABLE 1: BUILDING MATERIALS IMPORTS, AFRICA, 1960

Percentage

Commodity Percentage distribution by value &:Lc;?m

smported

North  West Central FEast
Africa Africa Africa Africa Africa  Africa

Cement ........................ ..

5 23 15 5 12 33

Other fabricated building materials 1 4 — 2 2 —
Bricks, tiles and ceramics ...... ... .. 3 2 1 5 3 50
Iron and steel products ........... .. 60 61 74 69 62 87
Sawnwood and wood products ... ... 24 2 1 11 13 33
Glass and manufactures.......... ... 2 2 1 2 2 100
Paints and varnishes ............ ... 5 6 8 6 6 60
ToraL 100 100 100 100 100 58

8ource: ECA, Housing in Africa.

Tables 1 and 2 give the breakdown by main categories of building
materials of imports in the regions of the United Nations Economic
Commission for Africa (KCA) and the Economic Commission for Asta and
the Far East (KCAFE). Both tables show that for the developing countries,
metal products form the largest gronp of imports. followed by timber
and cement. lu coutrast, in the developed countries of Asia and the
Far East—-Australia. Japan and New Zealand  tinber Imports account,
for about 80 per cent of the tot:d In all regione higher proportion
of wood production is involved in international trade than is the case
with cement because the raw materials for cement production are more

3 See the Role of Building Materials and Components in the National Econo-
mies of the Countries of the ECAFE Region, for full reference see annex 3 under
“Economic Commission for Asia and the Far East’’; and Housing in Africa, for
full reference see annex 3 under “Economic Commission for Africa’’.
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TaBLE 2: BUILDING MATERIAL IMPORTS, ASIA AND THE Far Eacr, 1964

Percentage distribution

by value
Buiiding mu‘erial Developing Australsa/
couniries in Japan/
the ECAFE New Zealand
regiond
Cement and allied products .. ... e 18.9 0.4
Stone, sand and gravel ........ ... ... .. ..o oL 1.5 1.3
Clay and refractory materials ......... ... ... ... ..., 5.7 1.7
Other non-metallic mineral products. ............. ... .. 3.3 2.8
Glass . e 4.1 4.2
Wood (rough) ... ... 13.4 69.4
Wood (shaped) ....... ... oo 4.7 11.6
Vencers and plywood ... ..o oo o 3.0 0.9
Iron and steel tubes and pipes ... o ool 25.6 4.1
Structurals -metal ... oo oo 8.8 0.8
Nails, screws, nuts. boltsete. ... o oo oo oL 4.3 1.6
Sanitary, plumbing and other fittings .............. ... 6.7 1.2
Torar 100.0 100.0

Sovrce: KECAFE, The Role of Building Materials and Components Industries in the National
Economies of the Countries of the KCAFE Region.

2 Excludes seven countries not reporting trade statisties.

uniformly distributed than timber resources. Brazil, (anada, (entral
America, northern and central European countries, South East Asia
and West Africa have an export surplus of timber, whereas the (Caribbean,
East Asia. the countries of the FKuropean Economie Community (KEC)
and the Middle Fast, North Afviea. South Mrica, southeast South
America, the United Kingdom and the United States e inporters,

The preture of world teade in building materils s slowly changing.
This mav be illustrated by vefevenes to data for ecement. Figures for
cement ¢ xports ard imports for the vears 1955 and 1967 <how that there
was littic tendeney for exports to merease signiticantly. Fxports from
Western Furope declined from 9.7 to 3.9 per cent of it production. The
countries with centrally planned cconomies only slightly mereased their
proportion of exports wm 1967 as compared with 1455 On the unport
side, the trend was one of progressively lower tnports, implying greater
local production. In East and West Africa. for example, the percentage
of cement imported decreased eonsiderably, although the level still
remamned high.?

¢ Calculated from data in Cembureau Statistical Review (Paris) 1988.
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Such statistics demonstrate the efforts of many developing countries
to industrialize the production of building materials in order to speed
construction (by climinating delays m delivery) and to reduce the
foreign exchange bill. The problems of local production are reviewed
briefly below and in more detail in chapter 4.

PRODUCTION OF BUILDING MATERIALS

National production of building materials presents problems of its
own. One of the most important is that construction output may
fluctuate considerabiy. particularly at a local level. The supply of
building materials must be adjusted to meet the situation. Normally.
fluctuations in demand are accommodated by adjusting the level of
output. by stock changes and by importing or exporting. Adjustments of
output are often difficult to make owing to the use of capital intensive
production processes requiring high output for economic operation, or to
a reluctance or inability to lay off labour. Furthermore reductions in
the labhour force may lead to difficulties when there is renewed upsurge
in demand. Stock changes are widely used as a regulating device. Stocks
of building materials are normally held at a level sufticient for production
for from one weck to six months, the average ranging from one to eight
weeks. Stocking i1s expensive, however, since space or buildings are
required. inventories have to be maintained and extra handling costs are
involved. It 1s relatively easy to unport as a means of meeting an excess
demand. It 1s more diffienlt to export as a means of continuing high output
at a time of low demand unless there are established channels and
markets.

Countries may be divided into three categories as regards the
trend of construction output: those in which the trend shows a slow
but steadyv rate of growth. those in which it shows a more rapid but
steady rate of growth ana those m which it uetuates widely. Countries
in the tiest category we developed countres with relatively stable
conditions. Countries 1 the second category mcelude those that have
suffercd war damage o have recerved constderable ontside economie aid
to assist development. Conntries in the third category cover most of the
developing world.

Production of key building materials may be expected to follow a
similar pattern; the trend in construction output is matched very closely
by that in cement production. The recent history of some developing
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countries explaims the large inctuations that have oecurred m construetion
output. Data arc not available for brick or glass production in most
developing conntries In developed countries, brick production has been
relatively static or even shghtiv decliimg, despite the inerease in
construction output. while the pattern for glass production has been
similar to that of cement Glass s ot widely produced i developing
countries. most of which must mnport the bulk of their requirements.

Developmg conntries still produee only a small proportion of the
world ontput of binlding materils. as they acconnt also for ouly a small
Proportion of construction ontput ¥ Statisties show that in 1966 1967,
Europe. North America and the Union of Soviet Nociahst Republics
manufactured 72 per cent of the world cement production. As regards
wood products. their combimed share of world prodiuction was 83 per cent
of sawn softwood. 60 per cent of sawn hardwood. 79 per cent of plywood,
85 per cent of tibreboard and 92 per cent of particle board ¢

In many processes. plant capacity can be increased only i discrete
stages, which may be large as a percentage of existing capacity. The
capital imvestment required may also be considerable. The growth in
demand for the product may not match such inereases in capacity. This
leads to a high degree of under ntilization of capacity in the building
materials industry in developing countries, where the nvmber of factories
is small. During the carly stages of development. there is no way of
solving this problem. and it must be taken into account in assessing
production costx.

The summary of building materials production characteristics in
chapter 4 shows that most building materials are bulky and have a low
value/weight ratio. so that they are costly to transport. This provides
a further reason for producing them locally, provided that the resulting
production costs do not completely offset the savings transport costs.
A consideration of all these problems tends to reinforce the conclusion

that studies of consumption provide the key to planning in the building
materials industry.

 For further discussion of this subject, see Monograph 2 ‘“‘Construction
Industry’ in this series.

* Cembureau Statistical Review (Paris) 1968.
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Chapter 2

TRENDS IN CONSUMPTION
OF BUILDING MATERIALS

It is useful to be able to forecast the level of consumption of different
building materials, but it is not clear how this can be done most effectively
and what margins of error are acceptable. Planners in a particular country
can make more accurate assessments of local consumption than one who
attempts to make a global analysis. However, the analysis presented
below may serve to show the over-all trend and to give comparative
data to which national planners can refer.

It is possible to analyse only those key materials already referred to
in chapter 1. In order to have a common basis of comparison. per capita
consumption (by weight or volume) lias been used as an index. These
figures were then compared with the macroeconomic indicators, namely
the gross national product (GNP) or the GDP, according to the data
available or with the gross domestic capital formation (G DCF) attributable
to construction, each expressed in dollars per capita. In most cases, the
GNP has been used as an index of national income, as it is readily
obtamable from the World Bank Atlas.” For wood products, the GGDP
had to be used.

CONSUMPTION OF CEMENT, STEEL AND BRICK®

Cement

Regression analysis confirms that the relationship between cement
consumption (in kilograms per capita) and the GNP (ii. dollars per
capita) in 1965 was non-linear; the GNP-elasticity of cement cotsumption

? For full reference see annex 3 under “International Bank for Recounstruction
and Development,

* The analysis given in this chapter is based on original work by” Professor
0. A. Turin and Mr. Turlagh O’'Brien of the Bartlett School of Architecture,
University College, London.

15
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decreases with an increasing GNP. It is unity when the GNP is
approximately $390 per capita and cement consumption stands at
148 kg per capita. Below this, cement consumption increases faster, and
above this, slower than the GNP.

Cemen* consumption may be expected to be more closely related to
expenditure on construction than to the GNP. Unfortunately, fewer
countries have data available on the GDCF in construction. A regression
equation derived from data for 1965 for as many countries as possible (42)
showed that the construction-elasticity of cement consumption is unity
when expenditure on construction in the GDCF is approximately $16
per capita and cement consumption stands at 60 kg per capita. A discussion
of changes in consumption with increasing development will be left to
the end of this chapter, as it is relevant to most of the materials con-
sidered.

The usefulness of regression equations for purposes of forecasting
depends upon their constancy over a period of vears. Unfortnnately,
data on the GDCF for vears hefore 1965 were available for still fower
countries. A check of figures for 1960 covering 26 countries showed no
significant difference between the refationships i that yvear and in 1965.
This suggests that the relationship between cement consumption and
expeniditure on construction is a tairly stable one,

When  cement consumption is compared  with expenditure on
constructiorn. one or two countries show prononneed Acpartures from the
general trend. that might be explained by a signiticant change in the
nature of constrinction outpnt. as for example a large increase in the
proportion of civil engineering works.

Steel

If the relationship between steel consumption in 1965 (in kilograms
per capita) and the GNP (in dollars per capitua) ix analysed, as in the case
of cement, in terms of a second order polvnonmad equation. it is seen
that the elasticity = unity only when the GNP i< about 1 600 por capita
and steel consmmption stands at s Ky por capita However  unlike
cement, only a proportion of <teel production is used construetion,
There is some evidence that the proportion of steel used in construction
18 higher in developing thaa i developed eountries, This opinion appears
to be supported by statements about the situation in Asia and the
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Far East.® It has been estimated that construction accounts for between
35 and 50 per cent of steel consumption in developing countries in this
region, which is reasonable, since other steel-using industries are usually
less well established than modern construction. In Africa, the proportion
would appear to be higher still, but precise figures are lacking.0

From regression analysis, it would appear that the construction
elasticity of steel consumption is less than unity. This means that the
rate of growth of steel consumption in construction is less than the rate
of growth of expenditure on the GDCF in construction.

Bricks

It is difficult to relate the consumption of bricks to the GNP or
expenditure on construction; statistics for developed countries are
available, but there are few statisties for developing countries. As bricks
are not traded to any significant extent the production figures may be taken
to be cquivalent to consnmption (ignoring stock changes). It is probable
that developing countries show nrked fluctiations me consumption,
but the pattern in cach country 1 determmed either by teadition or
current policy. Some coantries have tound it expedient to promote
brick productior: others have allowed the idustry to languish. The
availability of skilled bricklayers may be a contributing factor.

CONSUMPTION OF SAWNWOOD, WOOD-BASED PANELS AND PLASTICS

Sawnwood

Interpretation of the relationship between per capita consumption
of sawnwood and the GDI is complicated by variations in the timber
resources of different countries. 'The highest consumers are Canada,
Northern Europe, the Pacific and the United States, all of which have
large rescrves of timber and a long tradition of wing it particudarly
in housing. Not all sawnwood. however, 1< nsed i construction. A
survey of conntries grouped in the snbregional classiieation used by
the Food and Agriculture Organization shows that the proportion
varies widely from 40 to 86 per cent.

$ ECAFE, op. cit.
10 ECA, op. cit.
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The general trend scems to be towards a very slow increase in
per capita consumption of sawnwond, with an increasing proportion of
it used in construction, the precise amount depending primarily on the
country’s timber resources.

From the survey of the FAQO subregions just mentioned, three
patterns may be observed for the percentage of sawnwood consumption
used in construction :

For countries with a timber surplus: over 70 per cent;
For countries with an approximate timber balance: 55 to 70 per cent;

For countries with a timber deficit: under 55 per cent.

At the same time, however, there is a trend towards a reduction in the
sawnwood content of buildings, particularly houses (see chapter 3)

In developed countries, softwood is used in construction rather than
hardwond, but statistics are not available to show what proportion of the
total consumption of sawn softwood is used in construction.

Wood-based panels

Wood-based panels include plywood, fibreboard and particle board.
Production of wood-based panels is a growing industry in all parts of the
world, and per eapita consimption is expeeted to rise everywhere, After
analysing data for 23 comntries over the pertod 1050 1o 1960, FAO
reported: “For nearly all countries in {he group.a reasonacbly good
linear relactionsdiipe could e obtained bt ween the losarithm of percapita
consumption and the locanthm of porcapda GNP N driking charae-
teristic was that there seemcd 1o be no offect of meame level on the
apparent mcome clastienty I other words, e relitionship  between
changes in constmption and chanwes in G\ appearedindependent of the
magnitude of per capita meome. Phis Phenomenon isnot common (o many
products, The explanation 15 that  neone level s ot {he sole, and
seldom the decisgyve, Fvetor determming consumption. More nuportant is
the substitution of this groupe of products for saw nwood . Few data are
available on the proportion of 1 he consumption of plywood or other panels
used in construction. In the United States, the proportion 1s about
65 per cent. In 1955, the proportion in South Kast Asia was about
75 per cent; in Enrope, the trend has been generally downwards, from
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76 per cent in 1951 to 26 per cent in 1959, with a slight recovery to
34 per cent in 1962.%1

Plastics

Data for the per capita consumption of plasticsin 1966 were available
for 22 countries, but the variability was too high to say that any
relationship exists betweer. per capita consumption and the per capita
GNP. In addition, with a new material such as plastics, ehanges in
consumption at different levels of development cannot be expected to
show stability. Kstimates of future consumption are therefore difficult.

Data on the proportion of plastics production that goes into
construction were available ouly fora few developed countries, namely:
Japan—36 per cent; the Federal Republic of Germany-—30 per cent;
the United States—24 per cent; and the United Kingdom—15 per cent.!?

INTERPRETATION OF TRENDS

It is difficult to draw firm conclusions from an analysis of per capita
consumption of materials and the per capita GNP or expenditure on
construction that refers to only one year.

It s probable. however. that the relationships between per capita
consumption of cement and steel and the per capita GNP will not change
much over a period of approsvimately ten vears. Cement is nsed almost
exclnsively m constraction. whereas steel is used in @ number of
indnstries. The other stecl vsing imdustiies grow at a faster vate compared
with national meome than does constrnetion: (tHasisretlected i the sinall
proportion of total steel consumption which 1< used 1 con=truetion in
the higher income conntries). \scacreault s the veltionships of the nse of
steel and cement to the GNT are such that use of steel shows a higher
income cliasticity than use of cement.

It is possible that the trend for wood based panels as a group will
be similar to tuat tor cement and steel, but the position of individnal
products is less clear, Sawnwood and plasties show no trends that are
likely to remain const:ait. In the case of sawnwood, per e« pita consumption

11 Plywood and Other Wood- Based Panels, for full reference see annex 3 under
“Food and Agriculture Organization’.

13 Sante and Wulkan; for full reference see anncx 3 under “Other sources”.




20 BUILDING MATERIALS INDUSTRY

is decreasing in some countries as more economical use is made of this
material or as other materials replace it. In the case of plastics, consump-
tion is increasing fast owing to the substitution of plastics for other
materials.

It has already been stated that the relationship between per capita
consumption of building materials and the per capita GNP varies so
greatly that it is only of very general use to economic planners. An over-all
picture of the situation in many countries of the world, however, provides
a pattern to which individual countries can refer in developing their
plans.

The relationship betweer eonsumption of materials and expenditure
on construction shows a somewhat different pattern from the relationship
between consumption of materials and the GNP, Tn the case of cement
and steel, this is caused by changes in eonstruction ontput at different
levels of development. Both cement and steel are used in civil engineering
and the carcase of buildings. Very little i< used in finishes, 1is shown in
the companion wonograph on constrnction that the <hare of civil en-
ginecrmg in construction decreises with development - furthermore, the
proportion ot expenditine an building finshe - and copapment mereases
until it accounts tor ahout 50 per cent of e total. Henee {he amount
of additional expenditure on cement and <teel arvang from cach addional
dollar of expenditine of constraction tends 1o fall as (he porcapita
GDCE vises. Although data are not avaolable to verify thas, it seems
likely that the opposite is trne in the case of plasties and wood-based
panels, since they are more extensively nsed in building finishes than
i strueture.

THE STATISTICAL RESULTS

The data discussed in this chapter have been analysed statistically
using a computer programme for polynomial regression. This calculates
successively lines of hest fit of increasing order until the miprovement
obtained from a higher order polyvnonnal is not significant. For this
exercise ouly first or sccond order equations were found to be necessary.

The regression equations are of the form:

log y=alogx+b
or

log y=c log x —d (log z)2+e.

Table 3 shows the results of the regression analysis.
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TABLE 3: REGRESSION ANALYSIS FOR TRENDS IN CONSUMPTION OF BUILDING

MATERIALS
Dependent Year Independent 3 Regression e Per
variabled varsableb . % coelficsents § 3 cent of
y z 'é g - g 3 rvarwancea
s ° for for £ erplainea
25 lgx (logr)' & ¢
Cement ....... 1965 GNP 100 1.02 0.58 78
3.22 0.43 - 3.27 Nl
Cement ....... 1965 GDCF in construction 42 0.72 . 0.91 87
1.62 0.26 0.22 HIY
Cement ....... 1960 GDCF in construction 26¢ 0.82 0.71 90
1.60 - 0.21 0.24 92
Cement ....... 1965 GDCF in construction 26¢ 0.75 - 0.83 1Y)
148 —0.21 0.30 92
Steel
(total) ....... 1965 GNP 69 1.42 o --1.92 87
3.32  —0.37 - 4.31 88
Steel in
construction .. 1960 GDCF in construction 20 0.83 - 0.05 93
Sawnwood .. ... 1961 GDP 254 1.21 — 131 86
Sawn softwood . 1965 GNP 73 1.51 - —2.39 85
Wood
panels® ... ... 1961 GDP 254 1.51 — =226 85
Plasties® .. .. ... 1965 GNP 22 1.20 — —1.23 7
3 Materials expressed in kg per capita or 1,000 m? per capita.
b Indicetors expressed in § per captta,
€ Samn.. countries in each analysis.
d Subreg.. ‘s, not countries.
c

Equations in form: log (10y) = a log x+b.




Chapter 3

PATTERNS OF USE
OF BUILDING MATERIALS

MATERIALS USED IN BUILDINGS

All the separate, although related, indicators that have been discussed
in preceding chapters are indispensable for assessing future patterns of
demand for building materials and components. It must be appreciated,
however, that the statistical information available in most developing
countries is rarely adequate to build up reliable and sufficiently disag-
gregated input output rwdels. It must also be recognized that general
trends in pxr capita consumption of key materials provide by using
macroecononic terms only the roughest guide to forecasting future

demands.

It appears necessary, therefore, to proceed to a much more detailed
analysis of the specitic consumption of individual building materials and
components in particular types of construction, with a view to
establishing more reliable models for projections. The validity of such an
analysis depends on the building types selected, the assumptions
underlying the estimates. and how far the technical coefficients used in
the survey are likely to apply in future situations when use of materials
and/or building technology may have changed.

The assessment in this way of the material inputs of construction
output is an established feature of the planning machinery of centrally
planned economies, and is becoming increasingly popular in the market
economies. In developing countries, although the lack of statistical
information is a handicap. the problem is somewhat simplified by the
limited size of the modern sector and its concentration around urban
centres, by the narrow 1ange of technclogies used in the modern sector
and by the small number of building types constituting a large percentage
of total construction output. It is therefore possible to obtain an

acceptably reliable set of ratios from a very limited number of case
studies.

22
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Once the basic ratios have been established (and the order of
magnitude of the error duly assessed), it hecomes possible to modify the
model in the light of observed or probable trends in technologieal changes
and to indicite more clearly to planning authorities the effects on the
building materials and components mdustry of different sizes and mixes
of construction investment programnies,

Table 4. showing estimated materials usage in new buildings, is
based on a study carried out recently in a Western European country.
Data are presented for the alternative materials used in each functional
element of a building. Six types of building are distingnished. In each
case, the tablc gives the average quantity used per 100 square metres of
gross floor area «nd the percentage of buildings in which the material is
used. (The percentages add to more then 100 for roof linings because
two or more materials are used in conjunction to perform the function.)
It will be evident that table 4 refers to a developed country ; corresponding
estimates for a developing country would show some significant differences.

SUBSTITUTION OF MATERIALS

Rools

Roofs may be divided into flat, low pitched (5°) and pitched (20°
to 35°). Asphalt and roofing felt are relatively interchangeable for flat
roofs. If people are to walk on roofs, asphalt must be nsed. Other sheet
materials, such as sheet rubbers, are being developed as substitutes for
roofing felt, but they are usually niore expensive and are therefore used
only in special circumstanees. For pitched roofs, sheet metals and asbestos
cement may be used. In developing eomtries, eormugated iron is widely
used. The amount reqg-ured is similar to that given for alnmininm in
table 4. Sheet plastics arc as vet little nsed, bt as they become cheaper
and quality is improved they anay be expected 1o find mereasing use.
The sheet matenals are usoadly fely interchangeable and se depends
on price and avalability I ~ome countries (v tiles <upersedad slates
and have now in twrn been largely vepliced by concrete tiles,

In each building type, one of the three mam catevories of roof
structure materials tends to be used mueh more than the « thers: thus,
timber is used m houses and low tlats, concrete in Ingh tlats and steel in
factories. A greater variety of rooting materials is used in schools and
offices, and steel is often employed in the form of light joists. It is possible
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that light steel joists will be used more in houses, but this is unlikely in
developing countries until the supply improves considerably. The range
of materials for cover support is slightly greater. but a gradual change
may be expected, with light boards becoming more widely used, since
they provide insulation as well as a solid deck. This will have the effect
of reducing the extent to which glasswood or slagwood is used, although
as long as they are cheap, their use will be widespread. Obviously, the
need for roof insulation varies considerably from one country to another.

Questions of substitution in roof lining materials will be cousidered
with internal linings generally. For roof drainage, the materials listed in
table 3 may be regarded as fully interchangeable. However, in developing
countries, only ashestos cement and plastics are likely to be widely used.
Among the various plastics, polyvinyl chloride and polythene are the
most often used.

Main strueture (including load-bearing walls)

The choice of materials for structural fraines is normally limited to
timber, steel and conerete. The struetural use of aluminium is likely to
remain very limited. In practice. the choice for developing countries is
between timber and conerete, steel being used only 1w factories. Data for

TABLE §: STEEL CONSUMEPTION FOR SINGLE-STOREY FACTORIES AND
MEDIUM-SPAN BRIDGES

Range of bay  Range of steel
Type of structure size consumption
(m*) (kg|m?)

Single-storey factories
Steel framed (with heavy cranes) ................ 200—350 30—65

(40—120)
Reinforced conerete ... i ieeen e et 100-—-500 24 36
Pre-stressed conerote ... e trite et eeees 100—800 15—36

Medium-sparn brulges? Bridge span (m)

Ordinary steel ..o oo o0., e 20—80 175—475
High-tensie steel oo, e 35 —80 100—370
Reinforcing steel for deck ..o 0 s e 20 —60

Pre-stressed concrete? L o o i i 20 --70 40140
Reinforced concrete® ..., ... e 10—50 60 —204

Source: ECE, The Use of Steel in Construction.
a2 Steel consumption for bridges is expressed as kg/m?® of deck area for given spans.
b Including steel in girders and deck.

;
I
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the use of steel in factories and bridges are given in table 5. The principal
developments regarding structural frames lie in the analytical techniques,
which enable more economical structures to be designed. The use of
pre-stressed concrete in framed buildings is likely to be limited to special
cases where long spans are essential.

For load-bearing walls, the choice lies between the varieties of bricks,
blocks and concrete. Although table 4 does not include dense concrete
blocks, as they are not used to any great extent in the country concerned,
the data may be used for estimating the quantity of blocks required, as
it would be similar to the amount of brickwork. For high-rise buildings
using load-bearing walls, the prc-eminent position of concrete, either
cast in sifu or pre-cast, is being challenged to a limited extent by calculated
load-bearing brickwork. Tn European countries, the structural costs of
the latter can be very low and may be quite competitive with concrete.
The slowness of construction and the highly skilled labour required are
the main disadvantages of this method

It is possible that the quality of dwellings bnilt on a do-it-yourself
basis may be improved by the introduction of moulded plastic bricks,
provided that preliminary trials of the material are satisfactory and
production costs are sufficiently low to make the price competitive.

Walls (non-load-bearing and partitions)

The maiu categories of materials used for non-load-bearing walls are
clad-timber frames, concrete blocks or clay blocks and bricks. A variety
of aggregates may he used i blockmaking and a varictv of materials
may be used for cladding timber frames The development of synthetie
resit- and plastios based  panels will extend the
frames. The cheapness of the block wall
Blocks have been found i some

s of clad timber
accounts for ats popularity.
places to be cheaper than other
materials cven when velocation of partttions as - cceastionally required.
The various panel systems of partitiormg available i developed countries

tend to be expensive, and their advantage as regards appearance is

more important in office buildings and  similar structures than in
housing.

The choice of wall, partition and ceiling finishes lies between integral
finishes, such as sclf-finished substrate; wet finishes, such as plaster;
and dry finishes, such as plasterboard. The choice depends on the
building techniques used and the labour skills available.

L
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Floors

Apart from using timber for floor surfacing in countries in which
this is available or in which light (as opposed to solid) floors are customary,
the choice for floor finishes is between a range of tiling or sheet materials
and various concrete finishes. The use of plastic tiles is widespread in
developed countries, and it may be expected to extend to other countries
as local plastics industries develop. Until then, plain concrete or concrete
tiles will be the most commonly used floor finish.

MATERIALS USED IN CIVIL ENGINEERING
Choice of materials

The range of materials available for use in civil engineering is limited.
Cement, steel, bitumen and a variety of aggregates aud filling materials
are the main materials. For struetural purposes involving spanning a
distance, steel or conerete are uzaally alternitive materials. as they are
for piling. For the general run of civil engmeering sworks, plam or
reinforced conerete 1= oused o conpunction with tilhng materialy, For
roads, bitomen may he used as o binder inplace of cement (this prodices
what are sometimes called flexaible pasvenienits )

The high mivestment in envib ecnginecrmge works that often oceurs during
the early stages of development tend s to encouraze the establishhment of
a local cement ili(hlﬂh“\’ \ithouoh ~teel woalso l‘mpnrw[ local steel pro-
dnction s not greatly stunubated. possibly because 1t is more diffieult
on the completion of nig o engineering works to divert steel products,
other than steel remforcing rods, to building.

Quantities of materials required

Detailed studies on the quantity of materials required for civil
engineering works do net seem to have been carried out, with the
exception of astudy on the use of steel in Knrope.™ The major diffieulty
I8 to express the quantities in some standardized form that makes 1t
possible to compare one custom-built structure with another.

13 The Use of Steel in Construction; for full reference see annex 3 under “Econo-
mic Commission for Europe’’.
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Table 4 shows the estimated quantities of steel used in single-storey
factories and medium-span bridges. It is based on the results of the
international survey in Europe mentioned above. Owing to the difficulties
of collecting data by this method, the estimates must be treated with
caution. Reference should be made to the source document for detailed
qualifications. It will be seen, however, that the consumption index
(kg/m?) increases quite rapidly with bay size for factories and with span
for bridges. Similar data are not available for concrete bridges. It has
been found, however. that for a selection of medium-span bridges of
various structural designs, the quantity of concrete used varied between
67 and 85 m?/100m? of deck area. This information must also be treated
as indicative only.
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Chapter 4

CHARACTERISTICS
OF THE BUILDING MATERIALS INDUSTRY

In this chapter, the problems of the building materials industry itself
will be considered in the light of the analysis of the use of building
materials that has been made in the preceding chapters.

STAGES OF INDUSTRIALIZATION OF BUILDING MATERIALS AND
COMPONENTS

Pattern of industrialization

There is no single pattern for the industrial development of the
building materials and components sector that would be applicable to
all countrics. Like many other manufacturing industries, the choiee
depends largely on the availability of loral resonrces and is conditioned
by local traditions. However, the impact of local conditions should not
be unduly exaggerated, when allowance is made for differeuces in the
speed of development and in the rate at which moaern technologies are
introduced, it is remarkable how different countries follow similar trends
and eventually reach a similar stage in building technology.

It 18 even possible to suggest a “seenario” of stages in the industrial
production of building materials and components in which these materials
are related to ther funetional use. The most hikely sequenee tollowed by
most developimg countries starts with the mdustred production of
walling materials tollowed by rooling and foormg whieh together
provide the essentinl elements of the carease of baldimgs of any type.
Finishes and cquipment noemally follow at a fater <tage. with the
production of jomery gloors, windows: budt i favature ete ). services
(starting with pipes and conduits aud proceedimg subseqreently to ittigs
and accessories), and more soplisticated ty pes of electrical and mechanical
equipment. Structural components may be manufactured at carly stages
in this sequence if they are a by-product of other major industries; if

not, their manufacture may not be introduced until much later. Some of

33




34 BUILDING MATERIALS INDUSTRY

the reasons for this general sequence of development are summarized
below: other equally valid considerations such as economies of scale,
capital intensity, economic levels of production and other technical and
economic factors are discussed later in this chapter.

Building elements

Walling materials exist almost everywhere. They are required to
act in compression and to have a certain degree of solidity. Either
inorganic or organic materials may be used. Industrial production is
relatively easy and may be modified a8 development proceeds; concrete
blocks and clay bricks, for example. may be produced by simple processes
and by processes requiring various degrees of mechanization.

Since roofing materials cannot be dispensed with and are expensive
in foreign exchange, pressure for early local production is justified. A
distinction must be made. however. between structural materials and
semi-structural cladding and non-structural clodding. As the first two
categories must act in bending, the requirements for mechanical
properties are stringent: semi-structural cladding includes various
complex shect materials discussed in the section on roofs in chapter 3.
But a good case can be made for local production of non-structural
claddings (tiles, felts ete.) that are fairly easy to produce and have
relatively low value/weight ratios.

Flooring materials are usually very primitive in esrly stages. When a
knowledge of the technology of concrete production is acquired, floor
tiles or in sifu concrete mav be used for this purpose Countrics with a
tradition of clay building materials may use clay tiles for floors.

Joinery may be produced in small workshops using simple methods.
Industrialized production may therefore be postponed. Metal an'l plastic
pipes are essential for modern building, but sophisticated techr ology s
required to prodnce them. Concrete and clay pipes may be produced
locally at an early stage, but they cannot replace metal and plastic pipes.

Structural components are normally manufactured relativ ly late
in the development of industrialized building materials incustries.
Successful production depends on dimensional standardization and an
adequate market. It is easy to produce wood components in areas
with a tradition of timber construction. Concrete components may be
manufactured next, if problems of transport can be overcome. Metal
and plastic components follow much later.




CHARACTERISTICS OF THE BUILDING MATERIALS INDUSTRY D

frd

Equipment and finishes are regarded as luxuries at early stages of
development. However, they later become essential aceessories. Sanitary
and electrical fittings are necessary of equipment above certain levels
of development.

Prefabrication normally represents the last stage in the process of
industrialization, a stage that has been reached in developed countries
only recently. In some developing countries, however, there are moves
to introduce prefabrication at an early stage. A wide measure of integra-
tion of materials is required and the consistent application of standardiza-
tion. Prefabrication docs not necessarily involve signiticant advances in
production technology as compared with on-site assembly operations.
The real benetits of prefabrication are achieved only when the market
becomes sufficiently large to enable high outputs to be maintained.

A survey of specific building materials

The exact course of industrialization depends on the traditional
materials employed, but the use of cement, steel and timber as industrial
building products is world-wide.

When cement is introduced into a country, it tends progressively to
replace other materials, owing to its versatility, ease of handling and
durabiiity, although the technologyv of production is relatively sophisti-
cated. The establishment of a cement industry may promote a number
of subsidiary industries manufacturing asbestos cement, concrete blocks
and concrete products that give added impetus to mdustrial development.

In most countries, cement is a strong competitor to clay products.
Their manufacture continues and is worth expanding only in areas with
a long tradition of using them. Similarly, the use of limes often declines
owing to competition from cement. However, there are likely to be
renewed efforts to bring back limes and “natural” cements as cheap
alternatives to manufactured cement for many purposes such as mortars
for block walls. Lime may also be used in some forms of light-weight
concrete blocks and sand-lime bricks that are widely employed in a few
countries.

If raw materials are available, gypsum products are useful building
materials. In dry climates, gypsum blocks may be employed. More
generally, gypsum products are used for the lining ana finishes, that, as
mentioned above, become essentiais at later stages of development.
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Whether stone is used as a primary walling material depends on its
availability, but it is nowadays traded for this purpose only in small
local markets. It ix used in developed countries as a cladding material.

There is a trend towards greater economy in the use of timber:
roundwood is replaced by suitable t ypes of sawnwood ; wood-based panels,
such as plvwood. have quality facings, but the cores are made of lower-
quality timber; wood residues from sawmilling and plywood production
are used in fibreboard and particle board. Useful lining materials can be
produced in this way.

In the early stages of development, reinforcing rods can be easily
made from scrap metal. Flat sheets can be turned into corrugated sheets
for roofing. Window frames may be assembled by relatively simple
operations. from rolled steel sections that are normally imported until
local steel production has mivle considerable progress. although fabrication
of structural stecl is fairly simple. Metal accessories (nails, screws, bolts)
are also not difficult to make, but they are not usually manufactured at
an early stage of industrial development.

The main advantage of using aluminium as a building material is
its durability. It is more expensive than steel, and, for window frames,
the assembly of extruded sections is more difficult. Corrugated alnminium
roofing is useful as a substitute for steel. Rolling mills and extruding
presses are installed normally at a late stage of development, but they
might be introduced earlier if the building materials industry should be-
come more concerned with durability than it is at present.

Plastics have great potential as building materials in developing
countries. The stage at which they are introduced is likely to vary more
widely than is the case for many other materials. The first plastic com-
ponents to be manufactured are pipes for cold water and waste disposal.
Plastic floor coverings, equipment and accessories are generally introduced
later. Experiments in housing systems using plastics have been carried
out. The use of plastics in this way might prove very useful if provisional
estimates of the economics of such 8ystems are confirmed by subsequent
experience.

Of the other materials not covered so far, paints and glass should be
mentioned. Local manufacture of paints is usually introduced at an
early stage hecause they are easy t¢ prodice on a small scale. (ilass is
very widely used. and competition from transparent plastics is not as
yet serious. It requires, however, a fairly large market for economic
production.
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PRODUCTION CHARACTERISTICS OF BUILDING MATERIALS

In a given country, production problems may limit the amount of a
particular building material that can be produced so that this amount
is quite unrelated to the potential demand. In planning the levels of
investment in factories producing different materials, account must be
taken of production problems as well as of the level of demand and
other national economic considerations, such as the saving of foreign
exchange. In this section, the principal limitations imposed by production
technologies will be reviewed. They will vary considerably in effect in
different areas.

Tables of building materials graded according to selected production criteria

In order to evaluate production problems, it is useftl to measure the
degree to which a number of selected criteria affect e production of
certain common building materials. For this purpose, sixteen criteria

TABLE 6: DEFINITION OF PRODUCTION CRITERIA AND GRADES USED IN

TABLE 7
Grade
Production criterion
A B C
1. Raw materials source
The optimum distance from
source to factory.......... less than more than
8 kim 8—160 km 160 km

2. Water requirement
The volume of water consum-
ed to manufacture $2,400
of product ............... more than 4,500— less than
13,500 litres 13,500 litres 4,500 litres

3. Fuel costs
The total fuel costs as a per-
centage of production costs  more than less than
10 5—10 5
4. Electricity requirement
Electricity cost as a per-
centage of fuel costs ...... more than less than
90 50—90 80
5. Minymum size of market
The minimum value of annual
output that would justify
capital costs
(thousands of §) ........ .. more than less than

1,200 240—1,200 240
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TABLE 6: (continued)
Grade
Production criterion
A B C
6. Capital for storage
Outlay on storage facilities
at all stages of manufacture
expressed as a percentage
of capital costs ........... more than less than
15 6—15 6
7. Reliability of process
The length of time the basic
process has been uscd
commercially ... ... less than more than
10 years 10—30 years 30 years
8. Adjustability of process
How easily the process con be
adjusted to inarket demand  continuous intermittent adjustable
process but regular to demand
9. Plant maintenance
The percentage of production
time lost through main-
tenaNCe ... 10 6 nil
10. Supervision|quality control
The ratio of supervisors to
total labour force and pro-
portion of their time spent only
on supervisory duties ..... 10% 5% intermittent
continuous continuous supervision
11. Skilled labour
The ratio of fully skilled
operatives to tho total
lubour force ......... e more than less than
50% 10%—50% 10%
12. Production per man-hour
The value of product per
man-hour worked ......... less than more than
$4 $4—810 $10
13. Packaging
The percentage of costs added
for packaging ............ 10 8 nil
14. Value|weight ratio
The sale vatue per ton of
product .. ........ ... ..... less than more than
$30 $30—$150 $150
15. Handling for delivery
The equipment required for
loading aind unioading
transport vehieles ..., .. cranes hoists, lifts etc. no equipment
16. Cost of delirery
The addition to works costs
for delivery cost .......... more than less than
109, in 50 6% 109% 5%

mile radius

any distance

any distance
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have been selected. Table 6 shows the definition of each criterion and of
the three grades into which building materials may be placed with
reference to it.

The sixteen criteria may be grouped into five categories. The criteria
as regards input are raw materials source, fuel costs, water and electricity
requirements. In certain circumstances, inadequate supplies of fuel and
raw materials may limit potential production.

With some processes there is a threshold eapacity, below which it is
uneconomic to manufacture. This obviously varies considerably, as the
definition of economic production can be framed only in relative terms
by comparing t. e cost on site of local materials with that of equivalent
imported ones. The criterion selected is defined as the minimum size of
market required. This is approximately equivalent to the minimum capital
investment necded, althoneh the actual money values used for grading
purposes in table 5 wonld vary in cach specific case. The indicator of
capital mvested per employee has not been selected as a criterion because
of the wide variations observed m the production of the same material.
Further details will be found m the following section as regards cement
production.

Criterza relating to proeess technology are defined uneder the headings
“reliability of process”. “adaptability  of process”™ and “plant iaiu-
tenance” . If the principal processes have been employved for many years
in various couniries, fewer difficuities may be expected when they are
adapted for use i developing conntries. The vate at which technology
develops s also mmportant. sinee the rate of obsolescence o equipment
is likely to be faster for cewer processes. Some production plants using
high temperatures st be operated contmnonslyas 1t < aneeonomice
to stop and start a phot repeatediy s Thisos further discessed helow in
relation to the size of plants. Compheated machinery anay require
extensive muntenance, and lack of tramed mamtenance stafl may
reduce output

Criterta relating to labour are defined by the ratio of supervisors and
gkilled workers to total staff and the value of production per man-hour.
The last figure may vary widely and the ranges given for grading are
tentative. The varmtions do not appear to be quite so great, however, as
for investment per emnloyee. Value of production per man-honr 18 an
index of productivity wnd is therefore likely to increase as improvements
are made in a plant,

The ease with which materials are transported is most often defined
b the value/weight ratio. Criteria relating to packaging, methods of
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CLASSIFIED BUILDING MATERIALS GRADED ACCORDING TO SELECTED PRODUCTION CRITERIA

TABLE 7:

( see table 6 for definitions of criieria)
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42 BUILDING MATERIALS INDUSTRY

handling the finished product and delivery costs must also be taken
into account.

It will be evident by reference to toble 6 that grade C indicates
relative ease of production, whereas grade A implies difficulties.

When the production criteria have been defined, a complete chart
may be built up. Table 7 shows 41 building materials, in eight groups
graded by the selected criteria. It 1s possible to manufacture some
materials or components by different methods; occasionally, several
products may be produced by one factory. Cases such as these are covered
by the appearance in the appropriate column of two gradings. No
attempt is made in table 7 to indicate the relative importance of the
sixteen selected criteria. Some are clearly more important than others;
the main ones are further discussed in the following section.

FURTHER CONSIDERATION OF THE MOST IMPORTANT
PRODUCTION CRITERIA

Raw materials and plant location

The raw materials required to mannfacture building materials are
heavy and bulky. Their transport costs ave high, particularty if they come
from relatively maceessible places and it they have to be trausferred
from one form of transport to another For nrany buildmg materials,
the loeation of factories near the sonrce of raw matertds s a4 prime
consideration. This wdeal cannot alwavs be attamed for vartous reasons,
such as lack of raw materials withm the country, difficulty of attracting
labour to lactories situated far from places of habitation and inter-
dependence with ether mdustries

Examples of raw niaterials found in refatively few places are asbestos,
metals and decorative stones. Most conntries have to import them from
the few connteies with an export surplus. Other materials, suelvas timber,
gypsum and bitimen although gquite widely distributed. are not found
in many countries. Raw maternals such ax clayvs, Innestones, sand and
concrete aggregates are widely distributed | most countries have deposits
of some sort, althongh the quantity and quality are uneven,

At the early stages of industrialization, tocal production of building
materials will probably be confined to heavy walling materials, such as
cement, lime, aggregates, bricks and blocks. Kor these products it is
particularly desirable to locate the factories close to raw materials, but
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this causes difficulties in delivery to markets. In some countries these
difficulties are overcome by dividing the production process; thus, ccment
clinker may be produced near the deposits of clay and limestone and
transported for grinding to a plant near the markets. This technique is
likely to become increasingly important in developing countries, where
there are considerable distances between the sources of raw materials
and the centres of population, but it can be applied only to a limited
number of materials. Clay bricks, for example, cannot be produced in
this way.

Industries dependent on imports of materials such as timber and
steel will tend to be located close to ports, particularly at the carly
stages of development. when transport. networks are still under construe-
tion. The possibilities of exporting products to neighbouring countries
will reinforce this tendeney. Subregional trade groupings of countries
will probably also miluence the location of factories.

Another group of building materials depends on other industries
for its raw material for example  cement or aggregate produetion uses
slag from blast furnaces, and aggregatos and Lichtweight concrete blockss
use pulverized ash from coal hurning power stations. The production of
geveral building materals may be mtegrated : thue the plant manufactur-
ing asbestos coment products may be adjacent 1o the cement workss,
and sawmillmg may be integrated with the prodoction of plywood or
other wood hased sheets. In makmg national cconomie plaas, careful
consideration must he given to whether sueh concentration of production
facilities is desirable from the viewpoint of a particnlar industry, there
may be certain advantages.

Size of market

Lack of markets of suitable size inhibits the establishment of
building materials factories. The problem arises not only from madeqnate
total size, bat also from poor distribution in relation to transport facilities.
The minimum size of plant for cconemie production vares according to
the type of materal and the production technology: Hoas fandly casy to
define the linntations intposed by production processes, but it s more
difficult to reconetle the conflicting eriteria for factory investment
and location.

Large plants are required for steel, for many other metal extraction
processes and for petrochemicals, including plasties. These, however, are
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not strictly building materials industries, although some of their products
may be processed to produce building materials. For economie production,
metal -processing plants are usually large, and rolling mils for sections,
plate and sheet, extrusions presses and pipe-forming plants require high
outputs. Products front small-scale plants generally cannot compete
with imported products unless protected by tariffs.

Of the products manufactured alinost exchusively for the building
industry, sheet glass requires the greatest concentration of production.
Even in developed conntries the ontpnt of flat glass is coneentrated
very few plants. In view of the special situation of the sheet-glass trade,
it would be difficult to establish factories to supply even snbregional
markets without the assistance of one of the major producers. This is
partly because it is technically difficult to produce shecet glass of reasonable
quality and partly lecanse the principal manufacturing teehnigques are
covered by mternational patents.

Wide variations may be observed in the capital eosts involved in
producing the same materials in different countries and in different
plants. From an international survey of five selected countries, it appears
that in cement production the capital invested per employee varies
from $1,800 to $117.000, as shown in table 8.

TanrLe 8: CAriTAl INVUSTED PER EMPLOYEE FOR CEMENT PRODUCTION

Plant snvest-

Number of ment[employee
plants (thousands
of dollars )

France.............. e e i et 2 72756
India ............ . 5 1.8—16
2 Y 2 63-—117
Yugoslavia ........ i i i e 3 11—25

Source: UN1IDO, Profiles of Manufacturing Fatablishments.

Cement productiou is becoming inercasingly coneentrated and the
average size of new works significantly larger. It has become evident,
however, that high-cost, small-scale production of cement close to the
eonstruction site may turn out to be cheaper than low-cost, large-scale
production far from the construction site if transport costs are high. It
may, therefore, be economic in certain countries to establish small cement
works in spite of their high production costs.
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The materials discussed so far are manufactured by processes
requiring high temperatures. Capital costs are high, and an intensive,
three-shift operation is required. since it is uneconomic to start up
furnaces every day. Limes and clay bricks also require high temperatures
for their manufacture. With limes. small scale production is possible
only by accepting a variable quality of product and a relatively wasteful
use of fuel. If more modern equipment is used. production becomes
capital-inteusive. Modern brick plants also involve high capital costs
and high output compared with traditional brickworks. where greater
variability of product is accepted. High investivent and high outpnt are
required in new plants using high-temperature processes. Production
on a reduced scale s feasible only if a variable quality of product is
acceptable or if there is protection from cheaper imports. Sinee competi-
tion ix usually limited in the brick market owing to high transport
costs, high-cost brickworks mav be able to survive.

The group of building materials including fibre-board, gyvpsum
plaster. sand-lime bricks and aerated conerete blocks and units. involves
heating. often 1y steam. to temperatures of just over 100 (. Production
is feasible in plant of middle range capacity. but anv expansion of
plant entails duplication of existing facilities (brick presses. autoclaves,
steam presses cte.). The advantage of larger-scale production lies in
spreading the costs of services, such as steam-generating equipment.

Low-pressure steamu heating is also used for curing plasterboard
sheets. It is not essential, but it ix normally employed in plant sufticiently
large for economic production of boards of a uniform quality. For other
products. such as asbestos cement. conerete blocks and pre-cast concrete
units, steam curing is an optional process usually emploved in larger
plants where it ix desirable to reduce the space used for curing.

The economie seale of production for other building materials
depends on the complexity of eqnipment used (other than the heating
units). Heat 18 required to manufacture plasties by injection moulding
or extrusion, but s nsually produced clectrical’ - and no reduction in
costs 18 obtained by increasing the number of machines. Each machine
operates relatively independently and ontputs may vary considerably,
but it is easy to increase capacity by adding extra machines. with little
disruption to prodizetion In large plants, mechanical handling may be
introduced The same conditions apply to o, er processes of mannfactur-
ing plastics. except glass fibre remforeed lastics, where moulding is
usually done by hand bt may be mechanized for repetitive work.
Although the manufacture of plastics is apparently flexible, expensive
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machines are required. and a fairly large output of mass-produced
products is necessary for economic production.

Timber processing is a very old industry; it has therefore usually
been carried out in small works. The size of the plant is increasing, but
the average is still small in comparison with other industries. Larger
sawmills are able to install kilns for seasoning, which improves the
product. Wood-based sheet materials are relatively new, but production
is growing fast. Prices for wood products in international trade are
tending to fall owing to over-capacity in some developed countries.
Although medium-scale production is technically feasible, it will be
difficult for producers in developing countries to be competitive unless
the devcloped countries have a smaller surplus to cxport as a result of
their consumption growing faster than their production.

Joinery works can survive as small operations in many countries
because there is no particular advantage in large-scale production until
products become highly standardized. The same consideration applies
to the assembly of light metal products such as steel window frames.
Operations of this tyvpe are particularly suitable for devloping countries
because they may be started on a small scale and progressively expanded
without large capital outlays and with little disruption of production.,

The foregoing discussion has not covered all building materials,
particularly those used for finishes and fittings. but enongh has been said
to indicate the characteristics that determine the size of market and the
type of production unit required for economic production.

Labour skills

Most workers in the building materials industry are semi-skilled.
Some materials, such as cement, are produced in highlv automateq
plants in which onlyv a few men are required to keep the machines perat-
ing correctly. Tn other cases, the process atself may be antomated, but
moving the material from one operation to another may be done by
hand and for this unskilled 1 bour may be emploved.

Traditional materials, such as stone and wood, require eraft skills,
which are still required in modern production. New skills required for
new materials. as in the case of plastics and wood-based sheets, are
usually quickly learned on the job.

Most tasks in the manufacture of conerete products are often regarded
as unskilled, since they are concerned with the mixing, transport and
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placing of heavy material. It is becoming recognized, however, that the
production of concrete of consistent quality requires a certain degree of
skill and that such workers should be more carefully trained in concrete
mixing and placing.

The training of labour to produce building materials does not present
& major problem, provided that sufficient instructors car be found. There
is sometimes a shortage of a few key skilled workmen such as carpenters,
welders and mechanics. As regards supervisorv. technical and manageral
staff, however, the situation is usually less satisfactory. Developing
countries must often rely upon expatriate staff to fill these posts while
they unde.take urgent training programmes. Lack of technical skills
often results in considerable increases in the costs of bringing new plant
into production.

Value added by the building materials industry

The international survey previously referred to provides an analysis
of inputs and output for building materials plants in France, India,
Israel, Japan and Yugoslavia.'* The data are used in table 9 to show
total inputs as a percentage by value of outpnt in each country for
building materials as a group.

Differences between countries in the composition of the output
value of the same product make it difficult to interpret the information,
and there are wide variations in the relative proportions of inputs and
value added. Table 10 shows for selected groups of building materials
the proportion of output value attributable to inputs and to value
added. Value added tends to contribute a smaller proportion to
output alue than do inputs. The proportion of value added to
output value exceeded 50 per cent in only 13 per cent of the
examples analvsed. From table 10 it may be seen that:

Metal products mauufactured by the more mechanized process:s
tend to have a low value added: ouly the production of structural
steel and the assembly of metal frames show a value added similar

to that for other important building products, although in both
cases it varies widely ;

18 Profiles of Manufacturing Establishments, for full reference see annex 3 under “United Nations
Industrial Development Organization®.
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The only other materials where the value added iv in the same
range as for metal products are paint and varnish

The mat nals with the highest value added are clay bricks and
concrete products

These nhservations merely contirm that valne added 15 a higher
percentage of output vahie when production s labeur intensive. Metal
manufacture and assembly processes have high value added. whereas
the more antomated production of tubes and pipes have a low value
added The manutacture of clay produets s also labour intensive and
has high value added However, to this relatively simple relationship
must bhe added the comphication of labour intensive production using
expensive, imported raw materials. Referring again to table 10, it will
be seen that the value added fo, asbestos cement produets is a smaller
percentage of output than is the ecase with concrete producis. This is
because an expensive raw material -asbestos-—has to be imported,
whereas concrete products do not suffer from this drawback.



Chapter §

PLANNING AND ORGANIZATION
OF THE BUILDING MATERIALS INDUSTRY

In attempting to plan the builling materials industry at a national
level, the first difticulty is usually lack of data on natural resources, on
the scale and location of existing production units, and on cnrrent
consumption and the cefficient use of materials. If it proves possible to
obtain the information so that production targets may be established
and suitable sites selected for prodinetion umits, the prroblem becomes
one of impiementation. This raises the difticulties of unsuitable transport
networks, lack of know how and skills, and lack of finance and incentives.
A detailed plan must take all these difticulties into account and put
forward proposals to overcome them.

In the case of the building materials industry, plans must cover the
requirements of all fonr categories of the construction industry, namely,
the international- modern, the national-modern, the national-conventional
and the traditional. As a short-term expedient, subsistence level liousing
may have to be subsidized. Small scale industry must be promoted and
mass-production facilities established.

The following special factors must be considered :

Range of materials. Many different building materials are required
in modern construction. Planming must cover all the principal
materials in order to ensure that the total supply is adequate,
having due regard to the possibilities of interchangeabilit v.

Relationship with other industries. The estimates of total demand
must make allowance for the fact that some products used in
construction have other end-uses.

Overlapping with construction. In national industrial statistics, some
production facilities may be classified under construction because
they are owned and run by contracting enterprises. These must be
included in plans for developing the building materials industry.

61
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Seale of operations. Few building materials are manufactured on a
large seale. many are produced ofticiently on a relatively small
scale. The wdustry s usually characterized by a large number of
small producers

Markdts. Owing to thewr low value/weight ratio, binlding materials
in market cconomies may be exposed only to limited local com-
petition  This sometimes means there 18 a lack of incentive to
modermze production and thus lower production costs.

Demand. At the local level. the demand for materials may tictuate
widely as construction ontput varies. There s often little meentive
to nse stocks to even ont the supply situation. as stocking ties up
capital and there s often a lack of contidence m the level of future
demand.

To these problems must be added the Lmitations imposed by the
nature, production processes and handlinz  characteristics  of the
materials.

THE INFORMATION REQUIRED FOR PLANNING

Data on natural resourees

Information s required abont deposits of clay. limestone, mineral
ores. sand ete. Clearly it is neither possible nor desirable to make a
detailed survey of all thes: resources at the same time. It is more
economical to make a series of surveys i inereasing detail as partienlar
areas are shown to be possihle sonrees of some useful raw material. In
the final stage. when a choice of deposits is bemg studied with a view to
extraction operations. detailed studies niust be made in order to collect
information on the workable area. the average thickness of overburden,
the average thickness of deposits and their vield, the total overburden
and deposits, and the position of the water table. I general, the raw
materials for building materials are found close to the surface. with the
possible exception of natural gypsnm. It is therefore relatively simple to
compile a map of building materials resonrces, sinee deep exploration is
not repured as in the case of some other industries.

The conditeting of surveys is an operation requiring expert technical
assistance. and the advice of international ageneies should be sought.
Local sources of raw materials are not important for all building

materials: tinther may be imported as roundwood or sawnwood : plastics
a8 polymer chips or powder: asbestos in slightly purified form after
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mining. and metals as ecrude ingot or primary products.  Building
materials particularly dependent on local raw materials are cement,
bricks. conerete produets (for aggregates) and glans.

Data about production aud consumption

It is difticnlt to obtain and keep up to date information about the
building materials mdustry owing to s fragmented and il defined
nature. Although data about mass produced materials siuch as cement
and glass. are readily avalable, it would be necessary to colleet many
statistics in order to keep track of the manufacture of conerete produets,
Some check. however, must he kept on the mam producers i each
sector of the building materials industry so that at tempts ean be mod-
to prevent critical shortages of materials It 1 preferable to develop an
existing strueture rather than to create a completely new andnstry,
Systems from other countries should not be mtrodnced nnloss they are
appropriate to local conditions.

The general information given in the previons chapter should not be
used for planning purposes in all countries without cheeking speeitie
points. Investment figures for varions production levels of particular
materials may vary widelv. For example. the distance from port to
factory site will affect the cost of imported machmery. The net ontpat
per man is also hkely to be subject to wide variations,

In addition to a review of the level and distribution of consumption
of building materials, at ingury <aould be made mto how cconomieally
they are used.'® It has beew observed in many conntries that expensive
materials are used -vastefully  Thas nay mdicate the need for a pro-
gramme to promote the rore efticient use of binlding materials in
constraction design and to climnnar waste on site.

The national level of constmption of the materials covered in
chapter 2 should be compared with tihe data miven for other conntries.
ldea"yg however, mitornination s vequired on the consnmption of a wider
range of materials I stadies ol prodin teons andd consumption  were
carricd out with miternational technreas assist i throngh bodies sueh
a8 UUNIDO. the data collected wonld be oo cotcaderable vadue thronghout
the developing world

' Report of the Semirar on the Development of oo Materals: for fall
reference see annex 3 onder  Eeonomie Compsstion Lo A=oe and the Fay Fast”’,
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Forecasting demand and production

In considering trends of future consumption it is important to
recognize the difference between keyv materials (cement, steel, timber),
which are irreplaceable in any n-tional construction programme, and
others that are useful but interchangeable. The key materials are,
fortunately, those for which good statistics are available. Cement and
steel estimates for Africa may be found in documents relating to this
region.'® Figures for Asia and the Far East are also available.!? Few
data are available for Arab countries. In the case of timber, detailed
forecasts of consumption are available.!8

In estimating the demand for other building materials, account
must be taken of:

The present breakdown of building materials inputs, which has
been influenced by national climate, geography, history, tradition
and the pattern of construction output:

The changes in the breakdown that will probably occur as a result
of cha.ges in the pattern of construction output, in the technology
of construction (including rationalization of the use of materials),
in the availability and price of materials, in fashions, and in govern-
ment policies.

Tables (such as table 3 in this monograph) giving the consumption
in particular countries of building materials in different tyvpes of cons-
truction are very useful, although the actual figures will not be directly
applicable in other countries. Such tables enable better estimates to be
made of the effects on total consumption of changes in the composition
of construction output and show the possibilities of interchanging
materials. Continued growth in the national modern category will increase
the demand for industrialized materials faster than the increase in total
construction output would suggest. Similarly. a change in the inter-
national-modern category might signiticantly alter the volume of imported
building materials.

The role of the Government as a client should also be considered.
The commissioning of major defence or engineering works may alter
completely the character of demand for building materials; these works
may either require heavy imports or severely retard other construction

18 ECA, op. cit.
'7 Industrial Development in Asia and the Far East, Vol. 1V.; for full reference
see annex J under 'Economic (‘ommission for Asia and the Far East”,

'* See publications listed in annex 3 under “‘Food and Agriculture Organiza-
tion”.
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works by creating shortages of materiais. I developing conntries. the
Government may often be able to regulate demand i a way that ix not
feasible in developed countries by prograniming its own works.

Transport costs of both raw materials and finished products play an
important part in determining the prices of building materials. Factors
affecting transport. therefore. also affeet bnilding matevials. Thns, a
new road fink between areas may radically change the previons snpply
position tor building materials. \u industey enjoy g a market litherto
cut oft by transport difficultics from other sonrces of supply may
suddenly have to beeome competitive, Unless it is able to reaet to the
change. it may find that its costs ave too Ingh and it loses business. As
a result. the supply of bnilding materials may he discupted.

THE MEASURES REQUIRED FOR IMPLEMENTING THE PLANS
Provision of the appropriate industrial serviees

Adegnate technical knowledge in the productiou of building materials
is indispensable if it is not available locally. it must be imported with the
assistance of international agencies. such as UNIDO.

The ~hortage of technical expertise in developing countries makes it
essential to use what is available as efficiently as possible. 1t i~ therefore
suggested that one central institution be established, covering both
‘he construction and the building materials industry. to serve as an
advisory and research body responsible for standards and testing. thus
combining functions that are discharged by a mmmber of separate bodies
in developed countries.

The functions that such an institution should undertake may e
summarized ax follows:

To serve as the national clearing-house for technical assistance

provided by international agencies;

To assist in ~urveys of natural resources. particularly by carrying

out sample analvsis;

To assist goveriiment agencies in preparing plans for the develop-

ment of the buillding materials industry by carrying out surveys

and studies on the nse of materials:

To provide technical advice to industrial enterprises on producing

materials and to users on the selection and performance of materials;

To undertake research on subjects related to the production and use
of building materials;
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To adapt published standards for use wder loeal conditions
Toasdist in the development of propesals for dinenstonal co ordimation,

Thix & formadable hst of functwms  and they cannot all be
undertaken immediately They mdicate howeser the range of <ot jees
required by a modenn badding odenals andustiy b whneh some
provi-ion must be made at ancach stage of doveiopment 1 techiuealhy
qualited personned vecqpined a manmoum to<taft the Tanlding materials
section of a contral st ation womldd e hude

Matenal~ analy <t ito supervase analy tical works

andlhUunluswi‘mh*rh!mlngl;—his H\cﬂlig!wilrﬂ"t tevis o ent line
gy s concrete products metal products and wood products)
Advirers on the ua of buddding matonads (twa corvering hifferent
ranges of productsg

Data anabyser (to organze suvess and tact nuding Progrannnes),
Ntandards ofticer (to adapt standards to loeal conditions) |

Ofticer for dimensional co ordimation (who may be attached to a
government department rather than to the centeal mstitution)

Director of matenials section

Tt may well prove dithenlt to recrmt eleven people with the gualifica:
tions hsted above  the possibility of weking mternational assistance
should be considered  \s <o an 1t has been decided 1o proceed with
the centtal nstitution o programme tor the deseloprient ot the
orgamnzation should be drawn up o Although it will be  government
financed the body <hould be given as much idependence s possihle
so that t acquires an wentity and a reputation of its own

The research work undettaken e developimg countres <honkd not
be comcentrated on binkdig matenials for modern constyact jon In some
countries signihcant amprovements have been obtamed through o small
expenditure onresearch on the performance of teaditional materials.
Thux 1t has bevn reported from Burma that mmpregnation of bamboo.
at a cost of about 30 per cent of 1ty value mcreased s expected hife
from five to hfteen years

The research work bemg carried out e other countries should be
carefully stadied i order to avord dupheation of effort Thix may be
difficnlt niless mternational co operation w established The sharing of
research projecta with neighbourimg countries s also a posatbibity worth
mvestigating It will be found however that at carly stages of develop
ment. the most profitable research will conast of practical efforts to
improve the efficiency with which raw materials are employed in the
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manufacture of halding materials and to obtain greater economy in
the use of building maternial «m constrnetion,

The unportance of quahty control cannot he overemphasized,
There are many examples of mternational contractors enzaged in modem
construction who preter to use nported materialsof known and uniform
quahty eathes than vanable local products. This is clearly an nnsatis-
factory situation For most usei~ a known miranimm <tandard of ynality,
ever if quite low s hetter than no standard at all <inee it cheourages a
degree of contidenec i locally prodaced nimtepials '

Financial incentives

At carlyv stages of development. the building materials and com-
ponents midustry requires considerable government assstance. In addition
to short term measures snch as import tariffis certain long-term measures
have been proposed . for example

Long term loans at low mterest
Exemption from meome tax or from other local taxes and duties
and permission for rapnd depreciation rates for an agreed period:

Development of industrial estates and  infrastructure and  the
provision of cheap land sitably located .

Use of locallv produced bulding materials in all govermment or
government sponsored construction programmes

Rpecial advice and assistance to industries to develop exports of
products i the wanotacture and marketing of which the country
has real advantages.

Special tramng grant~ for managerial and skilled personnel;
Reduced transport rates for indnstries located in developing regions:

Bubsidies for the rent of land or bwldings for a peviod of tive to
ten vears or a grant of pat of the cost of building factory premises.

Such measures apply not only to bulding materials but to mest
industries. Nince resources are limited. an order of priorities must be
established. and the role of the building materials industry within the
national economy must be more precisely defined than it has generally
been 1n the past,

'* For turther discussion on this subject, see Monograph 12 “Standardization”
in this series.

* “Development of the Building Materials and Components Sector’; for full
reference aee annex 3 under ‘‘Feonomic (‘oinmission for Furope''.



Chapter 6

THE INTERNATION AL SYMPOSIUM
ON INDUSNTRIAL DEVELOPMENT:
ISSUES. DISCUSSION AND RECOMMENDATIONS

The issues, the discussion, and the recommendations approved by

the Symposium are presented in this chapter.

THE 1SSUES 2!

The building materials and components industry is closely connected with
the construction industry. The objective of both indnstries in developing
countries is to provide the facilities necessary for the economic develop-
ment and well-being of the people. The share of the gross national producet
(GNP) contributed by the building materials and cOmponents secior,
inclnding transport. increases rapidly with economic development. from
about 5 per cent for the less developed countries to nearly 13 per cent of
the GNP for the most advanced eonntries. The annual per capita
expenditive on building materials and components. including their
transport to building sitex. may be estimated at about $6 in countries
at an early stage of development  (with an average per capitn GNP of
$127) while in the next group of countries (with an average per capita
GNT of 8315) the corvesponding annual expenditure of GNP on building
materials and components mav be estimated at abont $23 In the most
advanced conntrics. no less than $104 per capita is cstimated to be nsed
annually for the purchase and transport of building matevials and
components.

Althongh based on rather uncertain data from a somew hat arbitrarily
sclected list of ecuntries representing different economic conditions, it
seems reasonable to conelnde that on-site expenditure on building materials
and components increased about three times faster than the GNP per
capita. This adds partienlar significance to the disenssion of the issues

# From Issues for Discussion : Building Materials and Components Industries,
1867 (ID/CONF. 1'A. 1) (mimeo. .




related to this industry. The changing pattern of this industry in industrial
tlevelopment i illustrated by the steady transfer of operations from
building and eonstruction sites to factories.

Forecasting Intare needs and establishing long-term targets

Few countries have yvet adopted a comprehensive policy for
co-ordinated cfforts in the development of the building materials and
components industries, It is apparent that there is a need to establish
long-term targets for these industries on the basis of long-term plans for
the construetion industey. Such targets should be based on surveys of
raw materials suitable for the produetion of building materials. components
and equipment.

It would seem that long-term programming of construction activities
provides a suitable basis for the forecasting of the future demand for
various building materials and components. More research is required.
however, to provide the necessary basic information.

Local materials and technignes

Building materials and components produced by organized industries
are sometimex more expensive than local goods produced non-industrially.
Wihile every effort shonld continne to be made to enconrage inereased
imdnstrial production of materials =ueh as cement or steel and milled
timher. equal importance should be attached to the improvement of loeal
materials and technmiques. Lime may be taken as an example. Lime has
been universally nsed for thowsands of vears, but itz application in the
construction industry has dwindled in the past century. A more extensive
use of lime ecould be enconraged by disseminating information on its
possible application in bulding and the savings resnlting from its nse.
Manutacture of clax bricks and production of all-clay light weight blocks
should be contemplated in arcas where cement is costly. The manufactore
of this type of product could be considered in conjunction with a brick
plant when equipment and kilns are available. The manufacture of sub.
stitute cements such as puzzolana may also be considered. Traditional
mortars of this type can still have an important place as building imaterials.
The Regional Syvimposium on Indnstrial Development in Africa recom.

mended that emphasis be directed to the development of traditional and
new building materials based on local resonrces such as building stones,
clays, lime. sand. gvpsum, bamboo and timber. as well as agricultnral
and industrial waste products.
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Small-seale manufacture

The encouragement of traditional materials should go along with a
policy of prownting the establishinent of small-scale industral manufactur.
ing uts s smadl sawnnlls and joinery workshops o small modern
brickworks or conerete block plants mav evist side by <ide with the e
of round wood and <un dred boeks Speaitically - ancdb soale prodnetion
of Portland cement could he estabhshed amd should be enconraged  The
Asan Regional Conterence on Indunstiahization e onimended that
conntries with adequate resonrvees of coke anthracite o petiolenm coke
whome constmmption of coment s dosw (o the order of 3000000 to 0 00 tons
per annum) adopt the <hatt Liln process and the wet or iy procesa for
higher capanities

Modern technigues and regional shacing of markets

Althongh traditional techniquea play an accepted role in building
materials production, it must be emphasized that in each country there
are sectors of construction that require quality materials produced under
the most advanced technological conditions and that these sectors will
grow m amportance  Thus  capitalantegsive, advanced technology
indnstries producimg matermals such as cement ron and <teel are ap-
propriate where the size of the market and avatlabithity ot raw matenals
permit The establishment of <aeh mdustries does not replace but
supplenients existing industries at o lower technological level and
represents a  desrable nvestment for searce capital By replacing
imports. not onlv - do they  help considerably an maving  foreign
exchange. bt they also tend to have a hnkage with other industries
and thus plav a pavotal role stimulating the establishment of ancillary
facilities

There are. however serous difticultion and obstacka  The cost of
establishing manufacturing plants developmg countries tends to be
greater than in the more developed countries. mainly because of higher
costa of transport  constouetion and installation The FUNDINE 1IN coata
of the factory are also generally higher than i were developed countries
becanse of the lack of tramed «taft These factors can result m higher
production costa per nmit than workd nmark et prices and special measures
may be requmred  at deast i the imitinl stage  to protect the domestic
industey from the competition of imported products For these reasons
many developig countries are consdening regional sharing ol marketsa

for building materials. although this development still appears to be
remaote.
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standurdization:

ha the carly stages of a0 conntry’s development, the demand for
brtbdmg matermls and some compotents s met to a large extent by miports
trom developed comtries This often leads to the mse of vations patterns,
sizes and scales of the same matenal o component Atempts to
standindize produacts o dimensions are sometimes pessted by traders
who v aovested intorest o the satus gruec Aslong as hinldhing materials
arc anported there s cortam danger wm crtorome staibadizaion, siree
this nnght give preterence fo materads o o cortam nenh o 1o materials
mported froma certim comitiy As oons as domestie prodiction i
cuasiged s anpottant to antroduce standardization: of  prodinet s
myvohvmye dincusions composition goalits - performance. methods of
manutacture and testing: Quality standarvds may prove to hay e a tavomable
effect upon productivity - even tor such simple items as stone aggregates.
Dimensional standardization s of prunioy waportanee i the carly stages
of ccononne development At o more advaneed stage when idostrially
manutactwred and taboeated hulding components are bemge mereasimgly
nsed  dimensional co-ordination becomes imperative Fo promote aceept.-
ance of the standards. consideration shonld be given to adopting existing
international or regronal standards There may . owever be good reasons
to deviate from standards adopted e other counties, for mstance, to
achieve closer compliance with the real needs and conditions i the
country  Hene' o the standardization of each vtem <honld be caretully
studied e cach country Tts evident that the developmg conntries have
an unisual oppocdtmnty to elaborate and applyv, at an carly stage of
development . a coherent system of standards, regulating the dunenstons
and propernes of hulding matenals and components, as well as iethods
oi testmy and gquahty control. wnd thus are wr a position to make a
considerable short ent i techmeal development

Testiug and research institutes; control of quality standards

The setting np of testmg and research institutes and the establishment
and control ot gnahty standards are vital necessities in developing
countries and might be recommended as a sigiiticant field for expanded
techmeal assistance  Such mstitutes may also be responsible for the
survey of exmting resoirees of raw Laaterals for bulding and the laying
down of specitications for the quabhity and properties of all building.
It s haghly desieable to have an early huking-up with testing stations
in other countries, particularly within the same climatic and geological

¥ oNeo Monograph 12 Standardizaton i this series.
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regions. Manufacturers in developing countries are often ignorant of the
expericnce of other countries which have gone through a similar period of
development. It is therefore important that information on suecesses as
well as failires of industrial undertakings in developing conntries be
systematically  gathered and  disseminated. preferably  through inter-
national orgamzations.

As a general rnles standardization, testing and quality control of
materials and components. education and the provision ot information
represent primary activities i developing countries, while rescareh and
developruent work are to be considered as secondary activities. This
means that standardization, material testing, gnality control. cdneational
and informatwnal activities should be organized in the tirst instance,
while independent research and development work should start at a later
stage, on the basis of the progress made in the primary activities and in
erder to develop them. Furthermore, vesearch siould concentrate on the
particular problems of the country and on adaptation of rescareh resnlts
achieved in other conntries. Thus, the Regional Symposium on Industrial
Development in Afvica recommended that an Afvican building materials
mdustry development research centre be established to work in co-opera-
tion with national and subregional building research organizations,
existing or planned, in order to facilitate the exchange of information
and experience among African countries.

Transport costs and location

Transport costs of building materials constitute an important part
of on-site costs, Navings can generally be achieved through a reduction
i the bulkiness and weight of materials. a shortening of transport
distances;oran miprevement of transport faeihities. angly o in conbina-
tion. Measures of this kind cive Tagh retorns and have perhaps constituted
the moxt rportant o ot anprovime capacity ad productivity in the
production ot baildioy matenads o the last decade Siensive researeh
imto buddimg materads and constrction nethods hias considerably
reduced the consimption of matevids per amt . for mstanee. throngh the
Hitroaustion of hmh-'!ll;lh{\ <tee] e st resaetl conierete ;n't‘lzlhl'i('at(‘(l
conerete hollow hreks ete Mongside the more ceconomie u=c of traditional
buddimg maderials, savings on transpert costs have been made adso through
the mtroduction and imcreasing nxe of conerete, metal andd plasties of
light weight Transport costs ave a potent {actor  the location of modern
bullding materials industries, and modern techniques offer 2 zreat variety
of solutions, which should be made available to the developing countries.




INTERNATIONAL SYMPOSIUM ON INDUSTRIAL DEVETLOPMENT 63

THE DISCUSSION=3

The discussion on this subject was concerned primarily with building
materials that are mainly used tor construction. Since other materials,
such as steel and plastics, were discussed under their respective industry
sectors, there was little opportunity to review the complex problem of
interrelationships between industries. It was considered that building
materials were an important industry, which. like construction, had often
been neglected in development plans; that neglect had seriously nnpeded
the growth of the industry and was particularly unfortunate in view of
the opportunities existing for import substitution. which might achicve
significant savings in foreign exchange,

It was stressed that waste materials should be used where possible.
Nevertheless, the role of composite building materials based on waste
products (rice husks, coconut fibres. gronndnut shells, date palm ete.)
remained controversial. Many trial schemes had been tried but without
great suceess. Rescarell was contimning and there were reports of suceess
on a laboratory or smadl pilot scale The Svmposima did not inehnde in
its discussion any consideration of how such compostte building materials
would conmipare in price and performanes with more asual prodnets, Tt
was stressed that. where possible, building waterials industries shonld
be based on locally avarkable materials. In that connexton. it was
necessary to distinguish hetween locally prodnced raodern and traditional
materials; only negligible  qpuantities of  the latter were produced
industrially. The international chivacter of most modern materials was
not brought out, except m the ease of centent and steel.

In view of the complextty of the topie. the discussion did not go
decply into levels of conmumption. The only materials singled ont for
special mention were cement and wood based prodnets. and attention
was centred on wavs of using thescmaterials vather than on the guautities
required.

The role of wood products in construetion was also considered
controversial. Arguments were cited both for and agaist their promotion
as a primary material for house construetion. There was general
agreement that cconomical use must be made of the products employed,
but their precise role st be determined i cach country, having regard
to the raw materials avatlable, thew cost and characteristies.

23 From Report of the International Symposium on Industrial Dervelopment,
Athens 1967 (ID/11) (United Nations publication, Sales No.: 69. IL. B. 7).
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The discussion of the use of prefabricated ecomponents covered
speed of construction, quality and dimensional co-ordination. The
problems of labour requirements amd costs were used as argnments both
for and against prefabrication, but the Symposium reached 110 conclusion
as to the stage of general industrial development that should be reached
before prefabrication was contemplated. "The concept of prefabrication
though attractive at first glance. required detailed examination. and
cantion shonld be nsed to avoid wasteful and unsuccessful projoects.
Transport problems were mentioned in general terms, but it was observed
that the centralized production of components in factories requiring a
high output for economical production called for well-developed services
and facilities.

Attention was drawn to the difficult problems of choice of materials.
since materials could be snbstituted for one another to quite a large
extent in buildings. There was usually less range of alternatives in
developing commtries than in developed ones. Eacn country would have to
determine for itself the extent to which choice should he cnconraged.

The importance of adapting the teclmologies of producing and nsing
building muaterials to local conditions was emphasized An example
given was the problent of producimge concerete components i fropical
countries. \x the exact nature and quality of vaw mat o ts diflered in
different conntries adaptation was obviousty essential Tt would be
illogical to mport processes that depended on imported raw materials
when alternative processes conld make use of Local materals,

Attention was given to the wssue of capital mvestment yversns labour
requirements, already mentioned 1 connexaon with prefabrication, which
was considered to apply 1o most investment decisions affecting bnilding
materials production. However even if low capital mtensity processes
were adopted where possible the total level of mivestment required in
building materials production would sl remain high. The necessity for
examming detaled  production costs. whieh applied to all prodnets,
was particulitiy mnportant e the case of cement. I ANSCRSING  COStS,
capacity utthzation must be comsidered. It was suggested that UNTDO
assist i providing gindelimes for new nses of products i order to utilize
the full capacity of factories. A thorough stndy of capacity utilization
and associated probiems would be required in order to establish such
guidelines.

Another issue raised at the Symposium with regard to production
was that of plant maintenance, and it was stressed that in planning
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capital investient i plant particnlar attention should be paid to the
maintenance services in order 1 ensure mininunn delays to producetion.

Coement w s considered to he the key material m the industrianhization
of the building naterials indnstry . although s number of other naterinls
were alse involved. Partienlar interest was shown i the gquestion of
amall scale mannfacture of cement. The size of cement factones tanst
he considered in velation to the envrent rate and anticipated growth of
consunmiption, the distribution of markets, the transport vequired, the
price of imported cement and raw materials. production costs and a -
ver of other technical considerations.

The long-term forecasting of requrements of butllding materials
attracted considershle attention 't was stressed that surveys provided
a necessary background for the preparation of long-term plans for the
developrent of the building materials and component imndnstries. Ttowas
realized. however, that long-term plans and forecasts of needs were
Hot sufficient on their own to determine imvestimenis i new factories.
Feasibility stndics must be carried out for each project. otherwise
misinvestment. high production costs and idle capaeity might. result.
In this connexion, it was suggested that caclu country study carefully
its own resources of raw materials rather than rely aneritically on
building materials of foreign origin. It was also noted that direet cost
comparisons between various materials conld be nuisicading if dinrability
and other requirements werc not taken into account.

Much emphasis was placed on the need for sirveys of natural
resources. Local raw materials were to be preferred in developing the
building materials industry, and 1w materials  for bnilding  were
generally formed in shallow deposits that were not diffienlt to survey.
Nevertheless. priority was often given to surveys to loeate valuable raw
materials that conld be exported while little attention was gven to
surveys of raw inaterials for building. Assistance was needed monaking
such raw materials surveys.

International assistance would be particularly nseful in establishing
technical infrastrncture : this issue was the subject of extensive discnssion,
and stress was pnt on the necessity of having eomprehensive services,
including technical training centres, research  facilities,  pilot and
demonstration plants and bodies to promete guality and dimensional
standards. 1t was proposed that these issues be dealt with at the regional
level.

134
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RECOMMENDATIONS APPROVED?

Developing countries should, where appropriate, give higher priority
to the developinent of the building materials industries in order to
achieve greater efficiency in their construction activities, better utilization
of local raw material resources and ~avings in foreign currency.

UNIDO, on request. should assist in drawing up national and regional
long-term programmes for the production of building materials having
regard to plans for their construction industries and surveys of their
relevant natural resources.

UNIDO. on request and in co-operation with other organizations,
should promote studies and collect and distribute info..nation on the
economies and production techniques ot competitive building materials,
having regard to the function and durability of the constructions.

UNIDO. on request and in co-operation with other organizations,
should assist in the development of production techniques based on the use
of local raw materials. including agricultural and industrial waste products,
by promoting the establishment of pilot and demonstration plants in
different regions and by other measures

UNIDO should assisi in the establishment of testing and training
centres for a more etficient use of traditional and modern building materials
and the setting up of research facilities to promote the application of
modern production techniques to specific climatic conditions (as, for
example. i conerete products handled in large quantities).

UNIDO should examine the feasibility of smaller scale local cement
plants having regard to high transport costs for imported cement.

UNIDO was asked to promote the implementation of projects based
upon pre-investinent studies already available either on regional or
national bases.

UNIDO. in co-operation with other bodies, should assist in the
development of co-ordinated systems of standards relating to the
dimensions and properties of building materials and components as well
s to methods of testing and quality control.

¥ From Report of the International Symposium on Indusirial
Athens 1967 (ID/11) (United Nations publication, Sales No.: 69. I1. B. 7).




Chapter 7

ACTION OF UNIDO

AND OTHER UNITED NATIONS ORGANS

TO PROMOTE THE BUILDING MATERIALS INDUSTRY
IN DEVELOPING COUNTRIES

International organizations are in a good position to study problems of
general interest throughout the world. They have access to a range of
information and experience that i+ often invaluable. As the characteristics
of building materials industries are virtually the same everywhere. they
provide worth-while subjects for ‘uternational ~study and research.

UNIDO acTiON

The programme of UNTDO for promotion of the bnilding materials
industry is financed under various United Nations operational programmes
in which UNIDO participates. These programmes are: the Regular
Programme of technical assistance devoted to industry and financed
from the United Nations budget: the Special Fund component of the
United Nations Development Programme (UNDP SF); and the Technical
Assistance component of the United Nations Development Programme
(UNDP/TA). UNIDO receives. in addition. voluntary contributions from
Government~ for the tnaneing of the Special Industrial Services pro-
gramme (R1N). a programme limited largely to urgent short term missions.
Some projects may also be financed from funds in trust. deposited by
Governments for specific projects, or other direct voluntary contribations.
In all these programmes assistance 1s given only at the request of the
(lovernment concerned.

Considerable work has already been undertaken by UNIDO in the
field of building materials. A list of selected technical assistance projects
and of areas relating to the development of the building materials
industry in which UNIDO can provide technical assistance s givell
in annex 1.

Technical assistance provided by UNIDO has extended to the
cement and allied industries, ceramics, bricks, glass and refractories,

67
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mineral deposita and general building and construction mntermbs imdus
tries Some forty techmeal assistance projects have been financed hy
UNDESF UNDEPTA o SIS The mapmty o techmeal assistance
projects torecent vears bacoe besn comes ted with the establishment or
modermization ot partionta blhing . matenals plants Nt many
projects bave dealt wothowade s planming ssues Bat the situation s hikely
to change dowiv concerie woas expressed at the Symposium over the
lack of techical infrastroactare an tk*\'v!n;nhg costin P e ahhnugh few

requests have been madie oo vt fon assistanes in this area

\sregards cement the work o UNTDO has tocused and wall continne
ta concentrate on the rehabthitatiasand moderiization of esting plants
ax well as o feasbibity studies acd market survey s tor new nstallations
Particndar atto i s bemg pand 1o the economies and design of cement
plants sooan to meet the needs ot developmg conntries w here markets ane
often small and toel cipphies imited and expensive Stress s lad on
the mportance of coqeration oboa <ubregmnal basis as rvgurdﬁ cement
prosluction

I vew of the Shortage 0 <ome developang countries of local
resources for ashestos plaies for techieal asastanes will cover the use
of alternatine materials

UNITDO plavis to e vpanid its technical assistance activities in ceramies.
brweks gines anod retracrony andustres Such imdustries are of considerahle
mportasee to omany developing contnes bt they are frequently
operated onoa seabe and with techospues nnanted to loeal needs and
condition.-

A vnmber ot eld survess will be cared out on the pommthle
induxtriad vws of nnneral o pesita ncdnding asbeston K\ peum . sands.
clayx and crhier ceramic prodaw g materials General <uryevs of butlding
matenals vidustries abieady evecnted with technical asastance have
proved vaboable o promoting these industres 1 developimg countries

I anticpated it more propets of thae cture waill be undertaken
m the tutar

Avrepards new areas tor UNTDO oty technieal assistance with
prefabricacon i constrnction w o already planned  Prefabrication s a
natural development i countoes that are industrishizing therr huilding
mdusteses and are becoming more aware of the need for greater pro
ductivity Plastics s another area 10 which techieal asmstance  will
probabliv be given UNTIMO feels that it should be possthle in developing
countriex to combine the nse of plastics with local materials to provide



ACTION OF UNIDO AND OTHER UNITED N ATIONS GPREGCANS i
officient low-cost construction. although in industriahzed countnes the
techniqque employed so far 18 rather sophisticated and expensive.

Major operational projects in which UNTDO has participated inclnde
the setting up ot housing and construction centres under Special Fund
projects or with tinancing from other sources Such centres may have a
significant unpact on the building materials industries. New Special Fund
projects are also under consideration. In these projects UNIDO s
co-operating with the Uniteed Nations Centre for Housmg  Building
and Plannimg.

In support of operational activities. UNIDO ovganizes. i close
co-operation with other international bodies. techmcal meetings on a
wide range of subjects. A list of meetings organized by UNIDO is given
i annex 2. In addition to facihtating valuable personal contaets. snch
meetings often provide the starting point for the preparation of studies
and reports that are subsequently widely circulated and used - many
countries for vears afterwards. A study is being prepared on small-scale
production of Portiand cement. a subject that attracted much attention
at the Symposiuni. At the Workshop on Organizational and Technical
Measures for the Development of Building Materials. held in Moscow
in 1968, studies were presented on " Puzzolana cements’. " Building
lime its properties. uses and manufacture . the manufacture of “Nanitary
ware from common clay and the brick and tile industries’".2> Further
research on some of these topics will be conducted in continuing study
programmes. and other subjects may be added.

WORK OF THE UNITED NATIONS REGIONAL ECONOMIC COMMISSIONS

The secretariats of the United Nations regional economic commniissions
have alreadv carried out various studies on the building materials
industry. It is proposed to continue these studies for which UNIDO can
offer assistance as regards scope. content and methodology. By contribut-
ing to regional and subregional studies. UNIDO will be able to supplement
its work in commissioning general reports.

The studies will cover a survey of the trends in the use of building
materials and compounents by sectors of the construction industry.
including trends in production technology, capital and manpower
requirements and forecasts of likely development in the regions. It is

88 Theee papers are not as yet available for general distribution.




70 BUILDING MATFERIALS INDUSTRY

clear that much of this information is also required for national planning
and some of the data may already be available. Studies of the following
sectors might be prepared :

Cement. ashestos cement. lime and concrete products (including

aggregates):
Clay building materials:

Plastics for building purposes (including paints and varnishes);
Steel in construction :

Non-ferrous metals for building purposes :

Miscellaneous building materials (gyvpsum. glass ete.):

Services equipment in buildings.

Further consideration should also he given to the role of wood
products: some studies have already been made on this subject.




Annex 1

UNIDO ASSISTANCE IN THE BUILDING MATERIALS INDUSTRY

A AREAS RELATING To THE DEVELOPMENT OF THE BUILDING MATERIALS
INDUSTRY IN WHICH UNIDO 15 1IN A POSITION TO PROVIDE TECHNICAL
ASSISTANCE

Standardization of building materials and components;
Materials testing and research;

Pre-investment projects, pilot and demonstration plants, and the
establishment and initial operation of industrial plants producing
building materials, at least to the extent of proving their com-
mercial viability;

Training ;

Promotion (developing. implementing, evaluation) of manufacturing
industry projects;

Expansion and modernization of existing facilities;

Techno-economic evaluation of competitive processes and changing
technology. adaptation of technology to requirements of develop-
ing areas;

Development planning on a national and regional level;

New and traditional raw materials for the building industries (e.g.
clay. stone. sand, plastics. wood, metal ete.);

Manufacture of products and components for building industries
(e.g. cement. ceramies. glass, bricks. tiles. concrete and concrete
products, plastic. wood and metal components. plaster and
board of various compositions etc.);

Testing and research institutions in the above field.

B. SELECTED MAJOR TECHNICAL ASSISTANCE PROJECTS

The projects listed below relate to the activities of the United Nations
Industrial Development Organization since its establishment in 1967. The list
excludes projects carried out under the predecessor organizations of UNIDO
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(the former Division of Industrial Development up to 1962 and the Centre for
Industrial Development up to 1987) Since the projeets are hsted tor illnstrative
purposes, the names of conntres have beenomtted The respective programmes
under which the project<ave implemented are <hown as

SIN Special Industnal Sevviees ot 1 NTDO

UNDPTY Umited Natons Dovelopment Progeanme Teehmeal
Axsistance Component

UNDP/SEF  United Nations Development Programme. Special Fund
Component

RP Regular Programme

(1) Projects implemented or under imple mentation by UNTIX) in areas related
to the development of the huilding materials industry

AFRICA

Technical assistance to hrickworks (S1S)

Establishment of a cement mdustry (SIN)

Glass industry expert (SIS)

Consultant i the test-run of a cement factory (SIS)

Investigation of glass industry (SIN)

Feasibility studyv of the cement industry (SIN)

Feasibihity study for a cement plant (SIS)

Specialist in the technology and commercialization of marble (BIS)

THE AMERICAS

Pilot asbestos processing plant (U'NDP/SF)
Development of ceramics industrv (SIS)

Establishment of a flat glass industry (SIS)
Establishment of the refractory products industry (8I8)

ABIA AND THE PAR KAST

Ceramio research and training centre (UNDP/TA)

Development of the production technology used in the glass works
(UNDP/TA)

Assistance to Ceramies-Corporation (UNDP/TA)

Building and construction materials expert (UNDP/TA)

xpert i mining of decorative building stones (SI8S)

Feasibility of mannfacture of precast concrete products (UNDP/TA)




UNTRIOY ANNISTANCE IN THE I PEOING MUTEREVE S PN STRY

FUROPE AND THE MIDDLE FANT

Centre for industrnl research (cerames and glass) (UNDP/SF)

Asgistance to asbestos-cement processing fctory (NIN)

Arsintance to glass tactory (NN

Asbestos pipe plant project (SIN)

Assistance to cement tactonies (UNDP TA)

Blag granulaticn expert (UNDPTA)

Assistance to the Bmlding Research Institute (SIS)

(2) Projects in preparation or under discussion with Governments in areas
related to the development of the bwdding materials ndustry

AFRICA

Clay products survey (SIS)
Exploitation of marble (SI5)
Establishment of asbestos-cement industry (SIS)

Assistance to glassware factory (SIN)
Use of plastics in conjunction with local raw materials in building

(UNDP/TA)

THE AMERICAS

Establishment of lime industry (SIS)
Pref brication in the building industry (UNDP/TA)

ASIA AND THE FAR EASBT

Pilot plant for building and construction materials (UNDP/SF)

Rationalization of clay building materials (UNDP/TA)
Pilot plant for production of plastic/wood structure by irradiation

techniques (UNDP/SF)

EUROPE AND THE MIDDLE EAST

Assistanoce to cement plant (SIS)

Polysand (conglomerate) pipes (U'NDP/SF)

Establishment of a glass factory (S1S)

Fibro-cement composites (UNDP/TA)

Survey on raw materials for the manufacture of building materials

(UNDP/TA)
Centre for Development of Housing and Construction (UNDP/SF)




Annex 2

MEETINGS, SEMINARS AND WORKING GROUPS

ORGANIZED BY UNIDO

Location
Interregional Seminar on the Development =~ Copenhagen
of Clay Building Materials Industries in
Developing Countries

Expert Working Group Meeting on Vienna
Fibro-Cement Composites

Regional Seminar on Prefabrication in the Denmark or
Building Industries in Africa (in co-operation Africa

with KECA and the UN Centre for Housing,

Building and Plannminy)

Regional Workshop on the Development of  Denmark or
Clay Building Materads Industries in Africa Africa

(in co-operation with B and the UN

Centre for Hoveing Badding and Planning)

Meeting of the Heads of Buddoe Materials Bangkok
Rescarch and Development Orgamizations of

the KCAFL recion (m eollaboration with

ECAFE)

Seminar on Cement Manufacture (in co-
operation with the UN Centre for Housing,
Building and Planning)
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Date
August 1968

QOctober 1969

Proposed date
1970

1970
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1971




Annex 3

SELECTED LIST OF DOCUMENTS AND PUBLICATIONS!
ON BUILDING MATERIALS INDUSTRY

UNITED NATIONS

DEPARTMENT OF ECONOMIC AND SOCIAL AFFAIRS

Soil-Cement: Its Use in Building (Sales No.: 64. 1V. 6).

Modular Coordination in Building, Asia, Europe and the Americas (Sales
No.: 66.1V. 4)

CENTRE FOR INDUSTRIAL DEVELOPMENT (PREDECESSOR OF UNIDO)

Studies in Economics of Industry. 1. Cement|/Nitrogenous Fertilizers Based on
Natural Gas (ST/ECA/75) (Sales No.: 63. I1. B. 3).

Plastics s Con<truction Materials for Developing Coundries, by A.P. Lien,
1964— reproduced m Sudies Petrochemicals, pp. 538—565 (ST/CID/4)
(Sales No - 6711 B2

Report of the Interregional Seminar on the Cement Industry, held in Denmark
from 2 to 16 May 1964 (8T, TAO/SER. C/71) (mimco.).

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

“A Sectoral Study on Silicate Industries™ in Industrial Development in Aswa
and the Far East. Vol 4. Development of Key I ndustries, pp. 349—406.
(ID/CONF. 1/R.B P;2) (Sales No.: 66, 1. B. 22).

Industrial Development in the Arab Counltries (ID/CONF. 1/R.B.I’./t) (Sales
No.: 66. Ii. B. 23).

1 §ymbols and Salee Numbers of United Nations documents and publications are given in
parentheses after the titles.
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Industrial Development in the Arab Countries (ID/CONF. 1/R.B.P./6).

“A Review of the Building Materials Industry in Africa and the Possibilities
for a Rapid Expansion” in Industrial Development in Africa, pp. 51—74
(ID/CONF. 1/R.B.P./1) (Sales No.: 66, 11. B. 24).

Profiles of Manufacturing Establishments. 2 vols. (ID/SER. E/4 and 5) (Sales
Nos.: 67. 11 B. 17 and 68. 11. B. 13).

The Development of Clay Building Materials Indusiries in Developing Countries
(1D/28) (Sales No.- 69, 11 B. 18).

The Establishment of the Brick and Tile Industry in Developing Countries
(ID/15) (Sales Nos.: 6911 B. 19).

Sectoral Studies Prepared for the Symposium: Building Material Industries
Including Wood Products, 1967 (ID/CONF. 1/23) (mimeo.).

EconoMic COMMISSION FOR AFRICA

Housing in Africa (Sales No.: 66. I1. K. 4).

KconoMic COMMISSION FOR ASiA AND THE FARr EasT

Industrial Development in Asia and the Far East. Vol. IV. Development of
Key Industries (Sales No.: 66. 1. B. 22).
The Role of Building Materials and Components Industries in the National

KEconomies of the Countries of the ECAFE Region, 1967 (Document
I & NR/BM/25H) (mimeo.).

Report of the Seminar on the Development of Building Materials, 1968
(E/CN 11/1 & NR/BM/L. 3) (mimeo.).

Economic CoMMISSION FOR EUROPE

Annual Bulletin of Housing and Building Statistics for Europe, published
annually by the Statistical Office of the United Nations.

The Usc of Steel in Construction (Sales No.: 64 11, K/Mim 24).

Development of the Building Materials and Components Sector, 1968
(Document HOU/W.P>. 208) (mimeo.).

Economic COMMISSION FOR LATIN AMERICA

Housing and Building Materials Industry, Central American Economic In-
tegration Programme, 1960 (ST. SOA/41).



BELECTED LIST OF DOCUMENTS AND FUBLICATIONS 7

Foon AND AGRICULTURAL ORGANIZATION

Timber Trends and Prospects in the Aswa-Pocific Region, prepared by FAO
and KCAFE, 1961

Latin: American Timber Trends and Prospeets, prepared by FAO and FCLA
(Sales No.: 6311 G 1).

Plywood avd Other Wood- Buscd Panels. Report on an wternational consulta-
tion on plywood and ovher wood-based pancls: Rome 8 19 July 1963, 1967,

FEuropean Timber Trends and Prospects. A new apprasal 1950 1975, prepared
by FAO and ECE (Sales No.: 64 11 E.4).

Timber Trends and Prospects in. Africa. prepared by FAO and ECA. 1967,

Wood: World Trends and Prospects. 1967 (Freedom from Hunger Campaign
Study No. 16).

INTERNATIONAL BANK FOR RECONSTRUCTION AND DEVELOPMENT

World Bank Ailas: Population and per capita Product, 3 vols., Washington, D.C.

OTHER SOURCUES

Cembureau Statistical Review (Paris) 1968.

Cullen. B. D. ‘“‘Materials Usage in New Buildings”, Building Vol. 212,
January 1967.

Képpen-Geiger. Klima der Krde |map], revised hy R. Geiger and W. Pohl;
Justus Perthes. Darmstadt, 1953.

Sante, F..J. van and E. K. H. Wulkan, Plastics in Building, Bouwcentrum,
Rotterdam, 1967.




UNIDO MONOGRAPHS ON INDUSTRIALIZATION OF DEVELOPING COUNTRIES:
PROP .EMS AND PROSPECTS

No. 1. Noa-ferrous metals industry No. 11. Small-seale industry

No. 2. Construction indnstry No. 12. Standardization

No. 8. Building materials industry Ko. 18. Indu.trial information

No. 4 Engiocering industry No. 14. Manpower for industry

Ne. b. Iron and steel industry No. 15. Administrative machinery

No. 6. Fertilizer industry No. 16. Domestir and external financing

No. 7. Textile industry No. 17. Industrial planining

No. 8. Chemical industry No. I18. Regivusl o-operation in Industry

No. 9. Food-processing industry No. 19. Promotion »f axport-oriented industries
No. 10. Industrial research No. 20. General issurs of industrial pelicy

No. £1, Teehnieal eo-operation in industry
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United Mations publications may be obtained from bookstores and distributors
throughout the world. Comult your bookstore or write to: United Nations, Sales
Section, New York or Geneva
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Les publications des Nctions Unies sont en vente dane les librairies et les agences

dépositaircs du rmonde entier Informez-vous aupres de volre iibrairie ou adressez-
vous &: Nations Unies, Section des venter, New York ou Gengve
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