G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Expert Working Group Meeting
on the Production of Panels
from Agricultural Wastes

Vienna, Austria, 14 - 18 Decenber 1970

ON OF STRAWROARDS -
“STRANIT" PROCESS L’

by

Torsten J. Nogesson
Director
Tomo Trading Co. Ltd.
Uxbridge, Middlegex
Bngland

3,/ The views and opinions expreseed in this paper are those of the autror
and do not necessarily reflect the views of the secretariat of UNIDO.
¢ This document has been reproduced without formal editing.

id. 70-6704




fiibas bbb

l United Nations industrial Development Orga:..;ation
I | _ ,

§ Expert Working Group Meeting
on the Production of Panels
from Agricultural Wastes

Vienna, Austria, 14 - 18 December 1970

- SUMMARY
PRODUCT UM OF STRA{EIARDS

B THE "STLAMil PROCESS

by
Torsten J. ¥ocemsen
Directoer
- Pomc Trading Co. Ltd.
Uxbridge, Mrddlegex
Englana

and do not necessarily refliect tne views of

[ —

id. 706705

Distr.
LIMITED

ID/WG. 82 /CR. Y st
8 December 150

ORIGINAL: ENGLIH

AR

-1_/ The views and opinions expresssd :: tais paper are those of the author
i the secretariat of UNIDO.
This document has been reproduced without formal editing.







Of the non=wood fibrous materials available for the proou

panel products, it is probably straw and rceds that hav: b

most successfully used in manufactured forms, Develepia o

the traditional thatchboards produced in many countriee iv the
ng@tramit® slab of compressed straw. It consists of vepuin .
with smooth facings, generally of stout cardboard. Thic vl |

in many ways akin to a large plank of wood; traditionally it .=
produced in 50 mm thickness and 1,20 m wide by whatever loagth
coavenient for the job in hand.

The Btramit process was first patented in Bweden towarids . 0o
of the 1920s and since then factories have been establisnc. = moi
than 20 countries with varying climatic conditions and buldip
techalques. Small plants tc produce 300.600 8q m per ailnus. .
approximately 6,000 tons of cereal straw are avallable bu

axists a large installation with a theoretical capacity of 10u,uC  * n-
per annum. |

During its long period of development the Stramit process has o .
basically unaltered but the manufacturing techniques nave burn st
lined and some of the precautions that heve to be taken in the uow
any organic material under adverse conditions have beccmc wnnowi 13
experience galned to assure the correct application of tnec tronw i
slab under practically every type of construction cuaditiono. in &
developing country where cereal straws of wheat or rice cto. o
available, a small plant to use 6,000 tons of straw in a yuur,

working on a 3-shift basis, could be establish=d or it might e
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.possible to run it on a single shift basis to start with when the

straw requirements would be even lower,

Generally it is not the avallability of the straw or the manufacture
of Stramit that presents problems but rather the marketing of the
product. The happiest prospect would therefore appear to be where
a bullding programme can be organised with the Stramit panels as a
subatantial part of the scheme. It is possible to construct low=
cost bulldings with Stramit for external walls, partitions and also
for roofs under a proper wutiurlng'. Such lightweight dwellings
are sultable even in earthquake areas and yet substantial enough to
bear comparison with heavy traditional buildings. | The amount of
rigid framing required for these low cost houses is very small, and
where timber is not avallable very light gauge ste‘el framing is
successful, The &. mm thick Séramtt panels have an insulation
value equal to thick masonry walls, and their fire resistance is
better thaa softwood. |

Experience shows that, under favourable conditions, a sum of
$150,000 may be ;uffteioat to install a Stramit machine and a
similar capital -hould.be provided to cover other initial expenses.

If a small bungalow requires, say, 65 panels, this would equal
approximately 200 m2, which In turn indicates that a small plant
would annually provide building material for 1,000 houses and in
addition panels for other purposes. Under the conditions given

as examples in the accompanying Paper, production cost of, say,

$0.80 to $1 per m2 is indicated. Examples are also given of how

the Stramit houses could be constructed without the use of other




g;..'gm; materials excenc for the weathering of the roof.
.Btlk.ﬁy, thereofore, the Btramit compressed straw panel is &
lowegost product which Is easy. to produce from raw material
avallable in very many parts of the world, To be successful the
operation has to be guided by some expericaced organisation and
that experience is best obtained by a combination of a local firm
with kaowledge of the raw materials and building techniques and
the supplior of the muchine giving an uadertaking to help promote
and look after the industry. For that purpose the Stramit
machines are sold on a franchise basis with a continulng service
osmaitment,







Reed, straw and similar vegetable products are amongst our sldost

bullding materials, Because they are readily available ana cheap
they are frequently used in their natural state. In mwrc manipnlated
‘ferm reed and straw etc. have become established building matovials
and have proved their value in roofing of shelters or more permanent
structures, in boat bullding in a few parts of the world, «tc.

The lasting value of straw and reed when used under naturally dry
conditions or under protecting covers is well documented. Of
eenulo:ié base, straw has up to 4,0% mineral content as measured on
the dry substance of the ashes which helps to explain the lasting
qualities of these raw materials and also tleir resistance to fire
when compacted so that the oxygen required for purning is excluded
or restricted.

@traw is an annual crop and as potential raw material has a quicker
cycle of availability than forest products. It is also often to b
had in countries where wood resources are scarce. The potential
value of crop residues has oftcn been quoted when ennsidering avallable
raw material for panel products., The point was made specifically
at the first session of the F.A.O. Committee on wood-based Panel
Products in Rome reported in Document FO: WFP/66 ¢! the

2&&\ March 1967.

Panel products based on reed and straw are manufactured i many
parts of tt;o worlid and various machines have been constructed to

mechanise the process. Generally the manufacturing method




has been based on a weaving process invelving strings or metal wire;.
I—fr-oducts in this ficld have variously been known as "Thatchboard",
"Solomit", "Eremmerboard", This range of low cost products is
dist'nguished by not making use of any cement or glue but purely
mechanical tles,

In more recent years particle boards incorporating fairly substantial
quantities of artificial resins as a binder have made use of non-wood
products like flax shives,

In the following will be described a process of compressing straw and
similar vegetable fibres by a patented process of combining heat and
pressure, best known under the trade name "Stramit", This process
was originated in Sweden during attempts to provide finished surfaces
to the old type of woven thatchboard. It was soon “ound that the
factory application ofa lime-plaster finish increased the weight and
was too brittle to make the product commercially viable al*hough

technically acceptable,

Further developments brought about the Stramit patents which incore
porate paper or similar facings glued to the straw core, It wa;
found that by applying the correct amount of heat and pressure the
unpulped straw couid be softened during the manufacturing process

to acquire a stable compressed form within an extrusion tunnel and

in the progress through this tunnel the straw slab was given its
facing of stout cardboard liner.

Since the first slabs of this type vlzerc incorporated into buildings

about 1928, progress has been made mainly in improving the manue

facturing technique by establishing a greater automation of the




' process and better quality control. The original concept of using,
unpulped straw without any binder incorporatod between the straws
themselves and compressing them in an extrusion tunnel and applying

a suitable dry lining has not been varied. The resultant product

{s low in cost because no binder whatsoever is used except to apply
the facings to the straw core, and it has proved itself over morc
than 40 years to be a bullding product acceptable under various
elimatic conditions and for a wide range of uses.

Btramit plants have been established In some 25 countries using exist=
ing local cereal atraw varieties and adapting the products to the local
methods of bullding. In addition Stramit slabs have been exported
to other parts of the world which do not offer either the raw material
or a market of sufficlent size to warrant local production., Plants
of the more sophisticated types are established in Western Europe
and Japan, whilst the simpler types of Stramit machines are
operating in such countries as Thailand, Ceylon, Colombia, Mexico

and Canada. Although other types of agricultural residue can form
an acceptable raw material, all present plants are utilising cerecal
straws from wheat, barley and rice. of tﬁa many types of grasses
and agricultural wastes laboratory-tested, only one has proved unsuite
able for use ia the Btramit process on technical grounds. Apart
from a requireirent that the fibrea should be reasonably long with only
a limited proportion of strands less than 10 cm, the raw material is
accepted as it comes f:‘em_ the harvest flelds and with its molsture
content as satisfactory for the successful threahing of the corn.:

If for occasional parcels of the straw a drying or a cieaning process

is required, then these functions can be carried out within the




Stramit plant., A moisture range from 10% to 16£ is normal,,

Tn addition to the basic raw material of straw, the requirements

ape for » dry faecing, usually stout cardboard, which is applied by

the Stramit machine to all faces and edges of the panel which comes
ou*= as a concinucuz band and is cut off to the desired lengths,

The third raw material of consequence is the glue to apply the card-
board liner to the compressed straw core.; This can be an animal

or vegetablec glue although in practice an artificial resin of the urea
formaldehyde type is generally used,

The Stramit process is a simple one In terms of capital cost and
manpower once the straw has arrived at the factory. The
acccmpanying simple diagram indicates how the straw in its natural
state Is fed =zither mechanically or manually into a hopper from where
it is driven by a reciprocating piston or ram into a h?atod extrusion
tunnel. The size of the tunael is conventionally 50 mm by 1.20 metres
giving the product the corresponding dimensions (approximately 2 inches
thick by 4 ft wide).

The paper liner is introduced within the extrusion tunnel and glued to
the straw core and the combined panel that comes out from this
tunnel is therefore a continuous length of straw slab covered with
paper. By cross-cutting this endless slab as it comes from the
Stramit machine, panels of conventional lengths are obtained ready

for immediate use. In many ways these panels resemble planks of
softwood of dimersions normal for plywood sheets but much thicker.:
The Stramit production method allows alterations to the sizes, facings
and density of the slab produced. A typical panel of 50 mm thickness,

120 em width and length of 2.50 m would weigh 50 to 55 kg., which




means that normally two men would be requircT to Moancic it oon st

*

but in emergencies it is possible for a singlc cxperiencad operative to

f!x.: what is effectively a ready-made wall .nit, Soune reducrio: s
about 28 -~ 30 dB at 100/3200 Hz. ‘Therma; conductivity is equal to
0.101 W/m2 degree C.

Although technically combustible, the Stramit slab docs not support
fire as has already been stated due to the comparative lack of tars
and resins and the presence of mineral coméeunds in the straw itself.
There is evidence from many fires that the Stramit panels have stopped
their spread, thuc supporting worldwide laboratory tect results.

Due to the fact that the straws are predominently across the width

of the slab as it passes through the machine, the Stramit is 2.5 times
stronger in width than length, It is not lead~bearing wh2n used on

its own as a partition but it is strong enough to be used as a roof
deck on open framework. The typical slab deseribed here will deflect
about 3 mm under the weight of a man standing in the centre cf it
when A'lupported only 25 mm in on the four edges; it will not br.oak
under the load of ten men. As Stramit can bte nniled, glued and cut
almost like a timber plank, the similarity rresents itself again.

Like other organic materials Stramic nceds to> %@ protected from

water and lt&gn&nt moist air, Used fbr external walls with weather-
ing of cement-lime rendering (stucco), Stramit has proved efficient

in Sweden over L0 years and elsewhere over shorter periods without
showing signs of deterioration. In countries with milder climates and
traditional skill in stucco work, low cost Stramit houses are erected

with walls of single thickness Stramit supported at the panei edges

with light steel coupling pleces that are also covered with the stucco




a2 To give a smeoth unbroken wall surface, In this design the

v raccs of th: walls are given a coating of plaster so that the
.orami wail thiskness is only about 75 mm; even 80 the walls are

+ -sup enough to carry the roof. These hcuses are well insulated
the lichtness of the construction is thought to have special value

in carthguake areas.

srcether external use cf the Stramit panecls is for roofs which can

v, .seathered with metal, asbestos cement sheets, roofing felt etc.

“n appropriate cases the slabs can be laid as a loadbearing deck under

+alt or asphalte on open framework, Even when used under roofing

+nat is self-supporting,the Stramit cften proves to be low in cost

+n vrovide Insulation and a smooth ceiling because it reqmres only

ivie support to remain flat,

Moet Stramit is used within buildings to give insulation.and a dry self-
Sininh weady for decoration if so wanted with wellpaper, paint etc.
T.inings to external wails come into this categery; it is usual to place
‘he Stramit panels away from the external skin of the wall and thus
create a wall cavity. Reing stiff and with very low moisture movements |
it is possible to place these wall iinings with very limited support from
the structure and without the need toc cover the joints except with
conventional decorative materials.  There i{s no need to create a visual |
rcanel effect and unbroken wall surfaces are possible wlth.dry techniques
which include 2 method of glueing one Stramit edge to the next panel

or even to the adjcining structural member, To divide up rooms with

single thickness Stramit panels is possible by utilising the same edge-

giueing technique. The partition wal' normaliy needs fixing oaly to the




celling, floor and adjoining walls, Factory preparazicn of comnlete
wall linings and of wheale partitions with the necessary doorways is

a practical proposition where building cranes are acailabio on aite.

A further use of the Stramit panel is as permanent shutteoring for
in=situ poured concrete,; but it is not suitable for re-usabic formwork.
Earller it has been indicated that the Stramit manufacturing process
is a simple and relatively inexpensive one.. The smuallest plant
currentiy on the market produces 50 m2 per hour of 50 rmirn. thick

and 1.20 m wide Stramit, This gives an annual production of
300,000 m2 of panels when the machine is worked 120 hour: per week,
{.e. on a shift basls. For this one ton of straw is necded per hour,
say 5,000 tons annually. Single shift working is pcssible but leads to
some loss of efficiency. The electric power requiremant is 85 kVA;
no steam is needed and water i{s used only for the glue miiture., To
operate the machine three m2n are needed which on a shift basis calls
for about 20 men in all to include the foreman, fitter, strai; handling
and warehouse operatives, who are generally employed on a single shift
basis only. A. small Stramit machine can be housed in a building

8 m x 40 m which will also house the panels produced during a few
shifts, and a stock of paper liner, glue etc. The space n=eded to
hold the straw is dirficult to define as it will depend on whether it
becomes available once or twice & year and whether it can be Leld on
the farms until actually required at the factory. Not less taan
three weeks' needs should be available at the factory in dry conditicn.

L.oosely bundled straw presents a fire hazard and'very large stocks

are better left in the frowing areas until needed. Generally the

stocks can be properly proctected against rain without tnc need for
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As suitable paper hiaers are often ncw availav!z olohse to the Dtramit
factory, it is safe to hold 3 = & months'! supay in stock. Glue
stocks may similarly have to be relatively ample.

A small Stramit machine as discussc«.c‘- here costs at present about
U.3.,.$ 150,000, Some additiona! plant items may have to be added
in certain circumstances, and buildings, c¢lectricity supply and such
items are so wvaried iu cost that no gencrally applicable total figure
can be guoted. It is almost meaningless to glve production cost
figures as circumstances vary between say temperate and tropical
locations, high and low wage couatries, etc. The following attempt
at giving costings (s therefore inclusive of gquaatities so that tho

prices can be adapted to known local conditions. The exercise is

based on a small Stramit machine producing slabs of the panel sizes
given above using cereal straw, paper lirer and urea glue, It is
assumed that the buildings are rented and that the. panels can bc sold
to distributors or consumers immediately ¢c that storage space and
capital are not tied up

One Stramit machine producing 50 m2/ 525 sa ft/ per hour during
24 hours per day for five days a week For 1,8 weeks will produce

288,000 me per annum

Straw 17 kg per m2 is required = 4,900 tons
Say 6,000 tons at about $14 per ton ..., $86,000

Paper liners based on 320 gr/m2 for each face of dab
= 190 tons plus end seal papers
Say 210 tons at about $157 per ton .ses $32,000

Glue Say 150 tons when mixed = 0.5 kg/m2
of Stramit cesscrsee *15.000

Labour Factory supervision and operatives
| (5 men x 3 shifts + 4 men x 1 shift) ... $4,3,000

Factory rent incl., electricity, insurance etc. veo $36,000

Royalty payable on production at $0.06 per m2 .. $17,000

which equals about $0.80 per mg2. $235,000
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If to this assumed proiduction cost is acddes SET v Uy b
mént for spares and naintena.uce and - o7 Lar
full cost of the Tr-anit panel would be $t Der o ourds the
circumstances give-,

{
With regard to the capital requirements it is teasuoatic to quote a

figure of $15@,coc a: the approximate coat ~¢ ti¢ raachine ard its
necessary equipment, If no impert dutics ar: inrajver and if
electricity #nd other services are laid ca to +.. site, this price could,
under ctherwise favourable coaditions, mean the installed cost, It
would be prudent to assume that a similer surm wouwld “¢ needed to
procure a stock of straw and other materia.s, pay for staff during the
runaing-up pericd, buy some auxilary ple~t in specia! cases ard to cover
general expenses until production and sales 16 providing the cash flow, s
Once again it is wise to polnt out that local circumstances vary so
much that a reliable estimate »f cash .2 crefit reguirements is subject
to specific calculations. As an examrple, somne T iramit iactories have
been built from the first slabs préduced on the mashine, giving the
producer cost savings and assuring that customers de not have to
accept "start-boardsh,

To the above outline description ¢f the monulacturing process and

the characteristics of the Stramit compresscd straw slab may be

added the versatility of the product. Apart from the modifications
possible to density, facings etc. in th- machine itself, simple additional
plant as used in woodworking factories will convert standara slabs to

special sizes and "housing sets", often erztling the rmanufacturer to

avold losing a standard panel with a small defect by reducing its size
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to suit the customer. It is possible to m-nufacture the pancls in

the machine itself with internal holes tc 1. electric wires etc, and

later to cut out recesses for sockets and ot er {luun fitting items
required. But for its unique manufacturing method, solid thickness
and moderate weight, these "made~to-meacurc" faciiities would not
be possible in a low-cost panel.  In practice it has pe=n fouad that
the facilities of altering theapertures et¢. without much cost to

the panel producer is & great help in his selling effort,

Some Stramit manufacturers have developed further by lining, in a
separate operation, the standard machine-produced pénels with
decorative vinyl fabrics and supplying ready~deccratea office partition'n

and the llke., Others utllise falling waste from the Stramit

‘ production line to produce "blockboard" or Stramit core~-panels. After

cutting the slabs into strips of the required tchickness and then

turning these strips &o that tre individual straw strands stand upright,
rigld facings of plywood, fibreboard or asbestos cement are stuck to
top and bottom of the core gtrips, i.e. they are giued to the straw
ends. Correctly assembled, these core-paneic can become fire-

check doors. FPerhaps enoua} has been said to indicate that the
Stramit panel can itself be treated as a raw material.

In conclusion, a Stramit plant benefits the agricuiture and economy

of a country by making use of what is normally & recurring waste

and it benefits the building industry, whether modest or sophisticated,

by providing a proven material for economical construction.
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