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I CI MOD
The I nternat ional Cent re for I ntegrated Mountain Developm ent  ( I CI MOD)  is an independent  
‘Mountain Learning and Knowledge Cent re’ serving the eight  count r ies of the Hindu Kush-Hi-
m alayas – Afghanistan, Bangladesh, Bhutan, China, I ndia, Myanm ar, Nepal and Pakistan – and 
the global m ountain com m unity. Founded in �983, I CI MOD is based in Kathm andu, Nepal, and 
brings together a partnership of regional m em ber count r ies, partner inst itut ions, and donors 
with a com m itm ent  for developm ent  act ion to secure the future of the Hindu Kush-Him alayas. 
The prim ary object ive of the Cent re is to prom ote the developm ent  of econom ically and en-
vironm entally sound m ountain ecosystem s and to im prove the liv ing standards of m ountain 
populat ions.

I CI MOD can be contacted at
4/ 80 Jawalakhel, GPO Box 3226, Kathm andu, Nepal
Tel:  + 977 � 55253�3
Fax:  +  977 � 5524509 /  5536747
E-m ail:  dist r i@icim od.org.np
Online:  ht tp: / / icim od.org

GERES
The Renewable Energy and Environm ent  Group (GERES)  is a French NGO created in �976. 
GERES works in a dozen count r ies in Asia and Afr ica prom ot ing renewable energy resources 
and energy efficiency through a development process controlled by the local people. GERES 
encourages the use of local resources with the aim  of respect ing the environm ent  and provid-
ing well-balanced developm ent  schem es.

GERES has been working for 20 years for the benefit of local development in the Hindu Kush-
Him alayas (HKH) , with a focus on prom ot ing well-adapted and eco- fr iendly technologies. 
The main field activities are concerned with energy saving (passive solar buildings, improved 
stoves)  and incom e generat ion (solar greenhouses, solar poult ry farm ing, ecotourism , food 
processing, processing wool) .

GERES first project in the HKH was set up in 1982 in Ladakh (India). At present, GERES sup-
ports local NGOs in I ndia, Nepal, China, and Afghanistan in a variety of act ivit ies.
Our st rategy is based on privileged partnerships with various governm ent  and non-govern-
m ent  organisat ions and the part icipat ion of the local populat ion. Our projects aim  at  enabling 
local com m unit ies to earn addit ional incom e to access m odern services while preserving the 
fragile environm ent  of the Hindu Kush-Him alayan region.

GERES can be contacted at

2, cours Foch, �3400 Aubagne, France
Tel:  + 33 442 �8 55 88
Fax:  + 33 442 03 0� 56

E-m ail:  geres@free.fr
Online:  ht tp: / / geres.free.fr /
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FOREw ORD

Food security rem ains the m ajor preoccupat ion of m ountain com m unit ies in m any parts of 
Asia, especially in the higher alt itude and m ore rem ote parts of the Hindu Kush-Him alayan 
region. The clim ate in this region of the t rans-Him alayas is very harsh:  winter tem peratures 
can fall below -30° C, and precipitat ion is low. The natural resources are lim ited, and farm ers 
rely on sheep, goats, cat t le and yak as their  m ain source of survival, with lim ited subsistence 
agriculture on very sm all landholdings focused m ainly on cereals. I n the winter, snowfall blocks 
the high passes and roads are closed, and the populat ion m ust  rely alm ost  ent irely on its own 
resources for survival.

Mountain com m unit ies have survived for cen-
tur ies in this environm ent , but  populat ion in-
creases, environm ental pressure, and polit i-
cal changes and lim itat ions to m ovem ent  are 
increasing the challenge. At  the sam e t im e, 
expectat ions and dem ands are increasing, as 
contact  with the outside world and m ore wide-
spread educat ion raise people’s awareness of 
the possibilities and potential benefits else-
where. The result  is increased out-m igrat ion, 
especially of the young and st rong;  reduced 
capacity of those left  behind to use the land;  
loss of com m unity, culture, and the indig-
enous knowledge of how to survive in these 
harsh conditions; and an influx of people to 
urban areas to join the growing ranks of the 
poor and root less.

The Renewable Energy and Environm ent  
Group GERES, supported by its partners in 
developm ent  (European Com m ission, French 
Minist ry of Foreign Affairs, and others)  works 
with m ountain com m unit ies to help them  es-
tablish tools and processes that  st rengthen 
and develop local potent ials, im prove liveli-
hoods, and provide people with bet ter opt ions 

for rem aining in their  hom e areas. Many inno-
vat ive tools have been developed, im proved, 

and adapted for local use. GERES, working 
with I ndian, Chinese, Nepalese, and Afghan 

NGOs, has focused on technologies for saving 
energy (passive solar buildings and im proved 

stoves to reduce consum pt ion of wood and 
other fuels) , and generat ing incom e (solar 
greenhouses, solar poult ry farm ing, process-

ing of food and wool) .

One of the m ajor challenges is to help com -
m unit ies use the inact ive winter period to in-
crease food security and generate addit ional 

incom e. Fortunately, one resource that  the 
t rans-Him alayan area has in abundance is 
sunshine, especially in winter. Solar radia-

t ion can be used to im prove the quality of 
life in many ways. Potential benefits include 
warm ing houses, schools, dispensaries and 
handicraft  cent res, and developing off-sea-
son agricultural act ivit ies such as com post ing, 

greenhouse product ion, and poult ry farm ing. 

This m anual focuses on the const ruct ion of 
passive solar greenhouses that  enable veg-
etables to be grown during winter in the high 
alt itude areas of the t rans-Him alayas.

The I nternat ional Cent re for I ntegrated Moun-
tain Developm ent  ( I CI MOD)  works to im prove 
the livelihoods and security of the m ountain 
com m unit ies of the Hindu Kush-Him alayas 
(HKH) . I m proving the product ivity and sus-
tainability of m ountain agriculture, reducing 
fuel consum pt ion, and reducing environm en-
tal dam age are cent ral to its act ivit ies. As a 
part  of its program m e, I CI MOD has had a m a-
jor focus on rural technologies and alterna-
t ive energy approaches, including host ing a 
series of nat ional workshops on passive solar 
building technologies in four of the count r ies 
of the HKH. The new I ntegrated Program m e 
on Agriculture and Rural Income Diversifica-
t ion (ARI D)  focuses on high value products, 
rural enterprises, and renewable energy op-
t ions, am ong others. Thus I CI MOD is delight-
ed to have had this opportunity to support  
GERES in the developm ent  of this m anual on 
solar greenhouse technology, and to be able 
to m ake this inform at ion available to a wider 
com m unity.

GERES and I CI MOD both hope that  this m an-
ual will prove useful to the m any NGOs and 

other technical organisat ions who are work-
ing with com m unit ies and farm ers in the HKH 
region to im prove liv ing standards and condi-
t ions, and ult im ately that  increased access to 
winter vegetables and exot ic sum m er produce 

will im prove the quality of life and incom e 
generat ion opportunit ies of m any of the sm all 
farm ers in som e of the m ost  m arginalised ar-

eas of the Hindu Kush-Him alayas.

Alain Guinebault  
Director  
GERES

j. Gabriel Cam pbell
Director General

I CI MOD
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The greenhouse design proposed in this handbook is the result  of im provem ents m ade by 

NGOs and by farm ers them selves of a design init ially proposed by GERES. The m ain cont r ibu-
tors to this design evolut ion were m arginal farm ers of the t rans-Him alayan areas, who sug-
gested pract ical im provem ents that  reduce the investm ent  cost  and const ruct ion requirem ents 
and ensure that  the design is appropriate for the resources available in these high m ountain 
areas.

LEHO (Ladakh Health and Environment Organisation) was the first non-government organisa-
t ion (NGO)  to experim ent  with the m odel;  this NGO did a t rem endous am ount  of work to im -
prove the design and to t rain carpenters and m asons to build greenhouses in rem ote areas.

The following NGOs contributed greatly to adapting the initial design to suit specific local con-
texts.

Ladakh ( jam m u and Kashm ir, I ndia)
•  LEHO (Ladakh Health and Environm ent  Organisat ion)
•  LEDeG (Ladakh Ecological and Developm ent  Group)
•  LNP (Leh Nut r it ion Project )
•  CRO (Chief Representat ive Organisat ion)

Lahaul and Spit i ( Him achal Pradesh, I ndia)
•  Him achal Pradesh Governm ent  through the Watershed Project
•  Pragya
•  Dawa Developm ent

Qinghai ( China)
•  ATA (Appropriate Technology for Asia)

Badakshan, Hazara jat , Low gar, and Parw an ( Afghanistan)
•  Minist ry of Anim al Husbandry and Agriculture
•  AKDN (Agha Khan Developm ent  Network)
•  AFRANE Developpem ent  (Am it ié franco-afghane)
•  SOLI DARI TES

Mustang ( Nepal)
•  ATA (Appropriate Technology for Asia)
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BACKGROUND

The northern parts of the Hindu Kush and Him alayan ranges are m ost ly cold desert  ly ing be-
tween 2500 and 5000 m et res above sea level. This area, often called the t rans-Him alayas, 
st retches from  Taj ikistan in the west  to Bhutan in the east , with the Tibetan Plateau in the 
cent re. The environm ent  is very harsh:  the winter tem peratures frequent ly fall below -30° C 
and precipitat ion – both rain and snowfall – is low ( less than 300 m m  per year) . The natural 
resources are very lim ited and the lack of t rees and forests results in a very low populat ion 
density. Even so, som e of the highest  villages in the world can be found here.

During the short  sum m er season, com m uni-
t ies devote their  energy to stocking up for the 
winter. Wom en spend two m onths a year on 
average collect ing cow dung from  the pastures 
for cooking and winter heat ing. The whole way 
of life is geared towards surviving the long 
harsh winter. Subsistence farm ing is lim ited in 
m ost  of the area to one crop per year and is 
focused on barley and wheat  with som e peas, 
potatoes, and occasionally other vegetables. 
The average agricultural landholding is sm all, 
less than 0.5 ha per household. The inhabit-
ants of the high alt itude plateau depend al-
m ost  ent irely on cat t le rearing. Poor t ranspor-
tat ion infrast ructure lim its the supply of fresh 
food in all parts of the region. I n winter, snow-
fall blocks the high passes and the roads are 
mostly closed; foodstuffs are flown in to the 
m ajor cit ies at  high cost ;  in rural areas they 
are sim ply not  available. At  the sam e t im e it  

Figure �:  Winter view of a high valley in Zangskar, Ladakh

is very sunny, especially in winter. The solar 
radiat ion offers great  potent ial for im proving 
people’s lives. I t  can be used not  only to warm  
the inter iors of houses, schools, dispensaries, 
and handicraft  cent res, it  can also be used as 
a basis for developing off-season agricultural 
act ivit ies such as com post ing, product ion in 
greenhouses and t rench greenhouses, and 
poult ry farm ing.

I n the following, we focus on the design and 
const ruct ion of greenhouses for the Trans-Hi-
m alayan region.

w hat  is a  Greenhouse?

A greenhouse is designed to provide an en-
vironm ent  suitable for growing fruit ,  vegeta-
bles, flowers, or others, at a time when the 
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outside condit ions are not  favourable for the 
specific purpose. In the trans-Himalayas, the 
em phasis is on vegetables. Vegetable growing 
depends on two m ain factors:  solar radiat ion 
and clim ate. Vegetables need solar radiat ion 
for photosynthesis, and the inter ior environ-
m ent  ( tem perature and hum idity)  m ust  m atch 
the vegetable requirem ents.

Solar Greenhouses for the Trans-Himalayas

A passive solar greenhouse, or solar green-
house for short , is a greenhouse heated en-
t irely by sunlight , with no addit ional fuel-
based heat ing. I n the t rans-Him alayas, the 
tem perature inside these greenhouses can be 
kept  high enough to grow vegetables through-
out  the year, even in winter, if the greenhouse 
is built efficiently. Thus greenhouses can be of 
great  use, part icular ly in those areas where 
there are cont inuing concerns about  food se-
curity and econom ic developm ent . The m ain 
benefits of solar greenhouses are

•  vegetable product ion in winter;
• fulfilment of basic subsistence needs in 
rem ote areas;  and
•  incom e generat ion in peri-urban areas.

The model proposed in this manual is an effi-
cient  greenhouse const ructed alm ost  ent irely 
with local m aterials (apart  from  the polythene 
and som e m inor parts like nails and hinges) . 
The init ial m odel was tested, developed, and 
im proved by farm ers in Ladakh, I ndia, working 
together with the non-governm ent  organisa-
t ion (NGO)  LEHO (Ladakh Health and Environ-
m ent  Organisat ion)  to reduce the investm ent  
cost , facilitate const ruct ion, and increase the 
life span. The im proved version was further 
developed and adapted to the specific local 
condit ions by farm ers and NGOs in Lahaul & 
Spit i and Ladakh in I ndia;  Qinghai province in 

TABLE 1 : GREENHOUSE CROPS I N  DI FFERENT SEASONS

Season
Cold  

(m in. > -�0° C in winter)

Very cold
(m in. -�0° C to -�5° C)

Extrem ely cold
(m in. < -�5° C)

Winter
Tom atoes if planted in 
Autum n

Root  vegetables

Root  vegetables if planted 
in Autum n

Leafy vegetables

Leafy vegetables

Spring
Seedlings
Root  vegetables/
tom atoes

Seedlings
Root  vegetables/
tom atoes

Seedlings

Root  vegetables

Sum m er Exot ic vegetables Exot ic vegetables
Exot ic vegetables/
tom atoes

Autum n Tom atoes Tom atoes Root  vegetables

Typical exam ples of vegetables are spinach ( leafy) , carrots ( root ) , and tom atoes (actually a fruit ) .

China;  Mustang in Nepal, and Badakshn, Haz-
ara Jat , Lowgar, and Parwan in Afghanistan. 
The designs presented in this manual reflect 
the experience gained and lessons learned in 
all these areas. Greenhouses of this type are 
suitable for use in other areas of the Hindu 
Kush, Him alaya, and Pam ir ranges with a sim -
ilar clim ate and socioeconom ic situat ion, such 
as the high valleys of Sikkim  and Arunachal 
Pradesh in I ndia;  Hum la, Sim ikot , and Dolpo 
in Nepal;  the Tibetan Plateau in China;  Bhu-
tan;  other parts of Afghanistan, Tadj ikistan, 
and Kirghizstan in Cent ral Asia;  and Chit ral 
and Balt istan in Pakistan.

Vegetables can be grown in m id-winter even 
in ext rem ely cold clim ates where outside tem -

peratures fall below -�5° C. I n very cold cli-
m ates like that  of Leh at  3500m  (m inim um  
tem peratures in January of around -�5° C)  

vegetables like spinach,carrots, and onions 

can be grown in winter. The greenhouse is even 

more efficient in less cold areas like Kabul in 
Afghanistan at  �800m  (m inim um  tem perature 

-5 to -�0° C)  where tom atoes (actually a fruit )  

can be harvested unt il January. The average 

growing efficiency of fresh vegetables is 0.8 
kg/ m ²  in very cold clim ates and �.4 kg/ m ²  in 

cold clim ates. Table � shows the typical crops 

that  can be grown in these greenhouses dur-

ing the year in different  clim ates.

To be useful in developm ent , a solar green-
house m ust  be adapted to the local context . 
In other words, it must be financially and 
physically viable for local people to const ruct  
and run without  outside support . The follow-
ing cr iter ia were used to assess whether this 

need was being m et , and to guide develop-
m ent  where it  was not :

•  the m aterials are locally available (m ud, 
wood, st raw, stone) , except  for the t rans-
parent  cover sheet ;
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Figure 2:  Const ruct ing a greenhouse in Afghanistan

•  it  can be const ructed by local builders;
•  the cost  can be recouped in less than 
three years if the product ion is well-m an-
aged and the products sold.

Solar greenhouses can cont r ibute to hum an 
developm ent  in a num ber of ways including 
em powering wom en, since they are often 
in charge of the product ion and the selling;  
helping overcome nutritional deficiencies by 
enabling more diversified food production all 
year round;  and providing a m eans of incom e 
generat ion.

However, a greenhouse is only efficient if it is 
const ructed in the r ight  place and used prop-
erly.

Past  experience has shown the im portance of 
planning the dissem inat ion m ethod to ensure 
that the maximum benefit is gained. Points to 
consider include the following

q Stakeholder select ion – focus on
•  com m unit ies with poor fam ilies
•  innovat ive and dynam ic farm ers

q Site select ion – consider
•  availability of water ( r iver, wells, canals, 
snow)
•  availability of direct  and abundant  sun-
shine
•  need to adjust  dim ensions and m aterials 
according to the site
•  m inim ising waste of land at  the back of 
the greenhouse

q Set t ing up of facilit ies – plan for

•  t raining builders
•  t raining farm ers in greenhouse cult ivat ion 

m ethods
•  developing networks for the supply of 

seeds, tools, and polythene, and for veg-
etable m arket ing

This m anual focuses on the guidelines for de-
sign and construction of an efficient green-

house. The econom ic feasibility, dissem ina-
t ion m ethodology, and agricultural use will be 
covered in other booklets ( in preparat ion) . 

The m anual is divided into two parts:  a de-

script ion of the theoret ical pr inciples, which 
provides the basis for understand the concept  
of using passive solar greenhouses in cold ar-

eas and knowing how to select  a suitable site 
and design;  and a descript ion of the pract ical 
elem ents of const ruct ion with detailed inst ruc-
t ions on each step and the points to consider 
to ensure that the greenhouse is efficient.

Figure 3:  Solar greenhouse built  in Leh, Ladakh, I ndia
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PART A

THEORY OF PASSI VE SOLAR

GREENHOUSES FOR COLD AREAS
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THE PASSI VE SOLAR GREENHOUSE CONCEPT

The am ount  of solar radiat ion that  reaches any part icular point  on the earth’s surface during an 
average day depends on a num ber of factors including the length of the day, the height  of the 
sun in the sky, the am ount  of cloud, the elevat ion of the site, the angle of the site with respect  
to the sun, and the presence of objects ( like hills, t rees, or buildings)  that  cast  shadow.

A solar greenhouse aim s to t rap and inten-
sify the heat ing effect  of solar radiat ion and 
thus enable plants to be grown that  cannot  
be grown under the norm al (outside)  am bient  
condit ions. Thus solar greenhouses are par-
t icular ly useful in areas like the t rans-Him ala-
yas where there is a lot  of sunshine in winter, 
but  the air  is too cold for growing crops.

There are four m ain factors that  work togeth-
er to m ake a solar greenhouse (or any other 
building) an efficient user of the available en-
ergy (Figure 4) .

•  Collect ion of the m axim um  am ount  of so-

lar radiat ion during the day (�)
• Efficient storage of the heat collected from 

the sun radiat ion during the day (2)
•  Release of this heat  to the inter ior of the 

building during the night  (3)
•  Reduct ion of heat  losses by insulat ion of 

the whole greenhouse (4)

Collect ion and Storage of Radiat ion

One of the major factors affect ing the amount  
of solar radiat ion entering a greenhouse is 
the posit ion of the sun in sky. The sun moves 
across the sky from east  to west , it  r ises in the 

morning to the east , reaches its highest  posi-
t ion at  m idday to the south, and sets in the 
evening to   the west ;  and it  r ises higher in the 

sky in the summer than in winter (Figure 5) . 

Figure 4:  Passive solar concept  in a greenhouse

I n the t rans-Him alayas, passive solar green-
houses are of m ost  use during winter when 
growing vegetables is im possible outside;  

thus they are designed to absorb the m axi-
m um  am ount  of solar radiat ion possible at  
this t im e. The sides of a greenhouse exposed 
to the sun gain heat  during the day, while the 
other sides, in the shade, lose heat . I n the 

sum m er, when the sun is high in the sky, m ost  
of the solar radiat ion enters the greenhouse 
through the roof or any other horizontal part , 

but  in the winter, when the sun is low, the 
m axim um  radiat ion enters from  the south 
side:  the sun warm s the east  face during the 
m orning, the south face at  m idday, and the 
west  face in the afternoon and evening. The 

north face is always in the shade. Thus an 

Figure 5:  Seasonal variat ion of solar radiat ion

Figure 6: Configuration and orientation of a greenhouse



SOLAR GREENHOUSES FOR THE TRANS-H I MALAYAS�8

efficient passive solar greenhouse should be 
designed along an east-west  axis (Figure 6) , 
with the length of the south face increased 
and angled to present  the largest  possible 
surface area to the sun, the size of the east  
and west  facing walls reduced to m inim ise 
heat  loss and shade inside the greenhouse, 
and the north wall heavily insulated.

Storage, Release and Containm ent  of 
Heat : Therm al Propert ies of Materia ls

Different  m aterials are selected for different  
parts of the greenhouse const ruct ion accord-
ing to their  pr im ary funct ion:  t ransm ission 
of radiat ion, heat  storage and release, insu-
lat ion, and building support . These different  
propert ies are sum m arised below.

Opaque m ateria ls
These m aterials block solar radiat ion but  they 
can allow t ransfer of energy by heat  conduc-
t ion. There are two m ain types.

Dense m aterials (br ick, stone, cem ent )  can 
conduct  and store heat . Except  for m etals, 
heavier m aterials generally store m ore energy 
and absorb it  faster. I n a greenhouse, dense 
m aterials are used to provide therm al m ass 
and as load-bearing m aterials to form  the wall 
support ing the polythene fram e and roof.

Low density materials ( light  materials like 
st raw, sawdust , wood shavings, dry leaves, 
and dry grass)  are poor conductors and storers 
of heat  and are thus good insulators:  they help 
retain the heat  inside the greenhouse. These 
materials are filled into the cavity between the 
loadbearing wall and the thermal mass wall.

Transparent  m ateria ls
Materials like glass and t ransparent  polythene 

allow radiat ion to pass through and are used to 
t ransmit  radiat ion from the surface to the inner 

space of the greenhouse. Transmit tance is high 
when the sun is perpendicular to the surface 
and up to an angle of about  30° , but  decreases 

st rongly at  angles above 50° . Transmission is 
higher through glass (maximum 90% ) than 
through polythene (maximum 80% ).

An important  characterist ic of t ransparent  

materials is the greenhouse effect  (Figure 7) , 
which results from the fact  that  the t ranspar-
ency depends on the radiat ion wavelength. 

Materials can be t ransparent  to solar radiat ion 
but  not  to heat  radiat ion, whose wavelength is 
infra- red. The majority of incident  solar radia-
t ion is t ransmit ted through the material;  this 
radiat ion heats the inside surfaces;  these re-

lease radiative heat which is reflected back into 

the greenhouse by the t ransparent  material. 
I n other words, the radiat ion that  enters the 
greenhouse is t rapped inside, and heat  losses 
only take place by conduct ion. The greenhouse 
effect is strong for glass, but 50% less efficient 
with polythene. However, it  is much cheaper 
to cover a greenhouse with polythene. I f poly-
thene is used, addit ional insulat ion can be 
added at  night  to reduce heat  loss.

Figure 7:  The greenhouse effect

TABLE 2 : ADVANTAGES AND DI SADVANTAGES

OF GLASS AND POLYTHENE

Glass Polythene

Advantages •  higher

t ransm ission

•  less heat  loss

•  cheap

•  easy to carry

•  easy to repair

Disadvantages •  expensive

•  replacem ent  

if breakage

• difficult to
carry

• less efficient
•  short  life

( in windy area)

•  not

biodegradeable

W all colour
The am ount  of solar energy absorbed by 
a m aterial is linked to its colour (Figure 8) . 
White surfaces reflect most of the sun’s radia-
t ion, whereas black surfaces absorb m ost  of 
the radiat ion. The proport ion of the sun’s ra-
diation absorbed by a specific colour is called 
the absorptance.

Colour Absorptance

White 0.25 to 0.4

Grey to dark grey 0.4 to 0.5

Green, red, brown 0.5 to 0.7

Brown to dark blue 0.7 to 0.8

Dark blue to black 0.8 to 0.9

Figure 8:  Absorptance related to the colour
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PRI NCI PLES OF SOLAR GREENHOUSE DESI GN

A passive solar greenhouse is designed to t rap enough solar radiat ion for the photosynthesis 
process and to provide the inter ior clim at ic condit ions required for growing vegetables all year 
round. When the outside condit ions are very cold, heat  is stored during the day in the ground 
and walls of the greenhouse and released during the night  to keep the greenhouse air  warm . 
During winter, the greenhouse t raps enough energy during the day to ensure that  the veg-
etables do not  freeze at  night . 

The tem perature variat ion between day and 

night  should be m inim ised to reduce therm al 
st ress to the plants. Overheat ing during the 

day can be prevented using natural vent ila-
t ion for cooling, regulated by m anually oper-

ated shut ters. Vent ilat ion also regulates the 
hum idity and thus helps to lim it  diseases and 

pests.

A passive solar  greenhouse
v picks up solar radiat ion
v stores the radiat ion as heat  in the     

m ass of the walls and the ground   
during the day

v releases this heat  during the night  to 

warm  the inter ior space
v is insulated to retain this heat
v can be vent ilated to avoid overheat ing

The passive solar greenhouse for cold areas 
described in this m anual has three m ain com -
ponents, which together ensure that  these re-

quirem ents are m et .

•  Walls on the east , west , and north sides 
where the am ount  of incident  solar energy is 
lim ited. These walls are either buried into a 
hillside or insulated to lim it  heat  loss and in-

crease therm al storage (Figure �0) .

Figure 9:  I nside views of a greenhouse in Ladakh

Figure �0:  Greenhouse walls and st ructure
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•  A polythene sheet  on the south side, which 
picks up the largest  am ount  of solar energy. 
The polythene t ransm its the m ajority of inci-
dent  solar radiat ion into the greenhouse. This 
warm s the inter ior space and is absorbed by 
the vegetables, the ground, and the walls. 
The sheet  can be covered with a m oveable 
layer of insulat ion like a curtain, cloth, or m at  
after sunset  to reduce night  t im e heat  loss. 
The polythene sheet  is set  at  an angle and 
supported by a wooden fram e (Figure ��) .

•  A (solid)  roof on the north side to lim it  heat  
loss. The roof is t ilted to avoid shading in winter 
and reduce the interior volume (Figure �2) .

Figure ��:  Greenhouse covered with polythene

Collect ion of Solar  Radiat ion

Solar radiat ion is taken up through a t ranspar-
ent  polythene sheet  covering the south face 
of the greenhouse. The angle of the polythene 

is calculated so that  the m axim um  am ount  of 
solar radiat ion is t ransm it ted into the inter ior. 
The angle of the lower sect ion of the polythene 

Figure �2:  View of the roof from  inside the greenhouse

is 50°  or m ore (m easured from  the horizontal)  
– the best  angle to t ransm it  solar radiat ion in 
the early m orning or late afternoon when the 
sun is low in the sky. The angle of the up-
per sect ion is 25°  or m ore (m easured from  
the horizontal)  – the best  angle to t ransm it  
the m id-day solar radiat ion and allow sm all 
am ounts of snow to slide off.

Moveable insulat ion (parachute, cloth)  is used 
as a curtain below the polythene after sun-
set  to reduce heat  loss;  it  is rem oved after 
sunrise. Moveable insulat ion can increase the 
ground and inter ior tem perature at  night  by 
up to 5° C. At  high alt itudes, a double poly-
thene layer can be used to reduce heat  loss;  
it  can also increase the inter ior tem perature 
by up to 4° C at  night .

Therm al Storage and I nsulat ion

Several com ponents are used in the design 
to increase therm al storage and reduce heat  
loss.

Double w all
The walls are com posed of three layers:  an 
outer load-bearing wall built  with m ud brick, 
ram m ed earth, or stone;  an inner wall used 
to store heat  during the day and release it  
at  night , also built  with m ud brick, ram m ed 
earth, or stone;  and an insulat ing layer of 
m aterials like st raw, sawdust , wood shavings, 
dry leaves, dry grass, or wild bush cut t ings 
pressed between the two.

Colour

The inner side of the west  wall is painted 
white (whitewash) to reflect the morning so-

lar radiat ion after the coldness of the night ;  
the inner side of the east  wall is painted black 

to absorb and store the afternoon solar radia-
t ion, which is then released at  night  to heat  

the inter ior space;  and the bot tom  two feet  
of the inner side of the north wall are white-
washed and the upper part  painted black for 
sim ilar reasons.

Roof
The fixed roof is sloped (to the north) at an 
angle of 35° . I n winter, when the sun has a 

low elevat ion angle, this angle opt im ises the 
solar radiat ion absorpt ion on the inside sur-
face. During sum m er, when the sun is high 
in the sky, the roof part ly shades the green-
house and reduces the r isk of overheat ing. 

The roof is covered with a layer of insulat ion 
(st raw, or sim ilar) ;  a piece of white cloth or 
parachute m aterial can be added below it  to 

improve the insulation and reflect solar radia-
t ion onto the vegetables. The shape of the 
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roof reduces the inter ior volum e com pared to 
t radit ional greenhouses, thus increasing the 
inter ior tem perature.

Ground
The greenhouse floor is dug out so that it lies 
6”  (�5 cm )  below the outside surface level. 
This im proves plant  growth as the dip acts as 
a t rap for carbon dioxide, as well as providing 
addit ional therm al insulat ion. I n ext rem ely 
cold clim ates, a 2”  layer of dung should be 
laid four inches below the surface to insulate 
the ground and increase the therm al m ass ef-
ficiency. Horse or donkey dung are the most 
suitable as they contain st raw, but  yak or cow 
dung can also be used.

Door
The door is located on the wall opposite to 
the side from  which the prevailing wind blows 
(the lee side) to reduce infiltration of cold air.

Vent ilat ion
On sunny days, the air  in the greenhouse can 
becom e very warm . Overheat ing (over 30° C)  
can dam age the vegetables and encourage 
diseases and pests. Manually operated open-
ings (vent ilators)  are provided in the lower 
part  of both sides (door, wall shut ter)  and in 
the roof. The warm  air r ises and leaves the 
greenhouse through the roof vent ilator, draw-
ing in the cooler am bient  outer air  through 
the lower vent ilators (Figures �4 & �5) .

Figure �3:  Greenhouse under const ruct ion (view of the double walls and the 

st ructure of the roof )

Figure �4:  Air  circulat ion in a greenhouse 

Figure �5:  Opening the roof vent ilator

PRI NCI PLES OF SI TE SELECTI ON

Character ist ics of a Suitable Locat ion

W ater supply

Vegetables require water to grow. During the 
cold winter period, the greenhouse requires 
less vent ilat ion, evaporat ion is lower, and 
m ore m oisture is retained inside, thus only 

a sm all am ount  of water is required. But  in 
spring and sum m er, the greenhouse is ven-
t ilated during dayt im e to avoid overheat ing, 

evaporat ion is higher, and m oisture is lost  with 
the vent ilated air, so that  a larger am ount  of 
water m ust  be given.

Dur ing w int er  and spr ing,  m any st ream s 

and spr ings are frozen;  it  is necessary  t o 
ensure t hat  t here is a source of running wa-

t er  locat ed close enough t o t he greenhouse 
that transportation is not so difficult as to 
discourage t he farm er  f rom  operat ing t he 
greenhouse.

The crucial period is spring, when m ore water 
is required than in winter but  stat ic sources 

m ay st ill be frozen. The distance to the near-
est  running water has to be acceptable during 
this period.

The m axim um  distance that  a farm er can be 

expected to carry water without  it  becom ing 

a disincent ive is about  600 feet  (200 m )  in 

winter and 300 feet  (100 m )  in spring and 

sum m er.
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Solar radiat ion

Solar radiat ion is required both for photosyn-
thesis and to heat  the greenhouse. I f the sun-
r ise is too late or the sunset  too early, the 
greenhouse rem ains cold longer and vegeta-
ble product ion is reduced. Nearby obstacles 
can also shade the greenhouse.

Sunrise m ust  be before 9: 30 am  and sunset  

later than 3: 00 pm .

Slope and type of land

The slope of the land influences the amount of 
solar radiat ion collected, the ground tem pera-
ture, and the heat  loss through the walls.

A site is suitable if
• the land is flat and dry
•  the land is on a south- facing slope:  the 
am ount  of solar radiat ion is increased by 
the ground reflection, at the same time, 
the greenhouse is part ly underground, the 
ground is warm er than the am bient  air, and 
heat  loss through the walls is reduced
•  the land backs on to a south- facing ter-
race ( the drop down from  one terrace to 
the next  form s the back of the site) :  the 
terrace wall can be used as the back wall of 
the greenhouse and m ay support  the roof;  
the benefits are a lower investment cost, 
warm er ground, and a larger therm al m ass 
if the step is built  up using stone m asonry

A site is rejected if
•  the land is on a north- facing slope the 

am ount  of solar radiat ion is decreased
•  the land is against  a north- facing terrace:  

the greenhouse has to be or iented towards  
the north and the benefits will be limited
•  the land is m arshy:  the ground freezes 
easily in winter and the vegetables m ay 

also freeze
•  the site is not  on agricultural land (stone, 
sand, or sim ilar)

Site characterist ics that  affect  the design

W ind
I f the door of the greenhouse is exposed to 
wind, infiltration of cold ambient air will lower 
the inner tem perature of the greenhouse.

The door m ust  always be located on the op-

posite side from  the prevailing wind.

Clim ate  (Alt itude)
Tem perature decreases with alt itude, thus a 
similar greenhouse will be more efficient at 
lower alt itudes than on the high plateau. The 
design can be adapted to colder clim ates by 
increasing the therm al m ass and ground insu-
lat ion and reducing the width, am ong others.

The greenhouse design should take into ac-

count  the norm al lowest  winter tem peratures 

at  the site.

Snow
Heavy snowfall can dam age the polythene laid 
over the greenhouse if a considerable weight  
of snow rem ains on it .  I n snowy areas, the 
polythene needs to slope m ore steeply so that  
the snow slips off.

The polythene sheet  m ust  slope m ore steeply 
in areas with high snowfall.

Select ing the Best  Site

A site is suitable for a greenhouse project  if all 
the criteria shown in Table 3 are fulfilled.
We have developed a sim ple select ion tool 

that  weights these different  factors and pro-
vides an easy way of com paring the advan-

tages and disadvantages of different  possible 
sites using the cr iter ia listed above. The dif-

ferent  site character ist ics are allot ted m arks 
according to the list  shown in Table 4, and the 

number of marks filled out in the form shown 
as Table 5. The total num ber of m arks is cal-
culated;  the site with the highest  num ber is 
the m ost  suitable based on these cr iter ia. 
Sim ilar sites can then be further different iated 

on the basis of other criteria of more specific 
interest  like accessibility, security, distance to 
workforce, and so on.
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 TABLE 4 : CRI TERI A MARKI NG SYSTEM

Character ist ic Points Character ist ic Points 

Distance to running water in winter Sunrise in January 

less than 50 feet  5 Before 7: 30 am  8 

less than �00 feet  4 8: 00 am  6 

less than 200 feet  3 8: 30 am  4 

less than 300 feet  � 9: 00 am  2 

less than 600 feet  0 9: 30 am  0 

Distance to running water in spring Sunset  in January 

less than 50 feet  6 After 5: 00 pm  6 

less than �00 feet  5 4: 30 pm  5 

less than 200 feet  2 4: 00 pm  4 

less than 300 feet  0 3: 30 pm  2 

Slope 

Site adjacent  to a south- facing terrace 
( terrace wall between �.5 and 4 feet  high)  

5 

South- facing slope 3 

Flat 2 

 TABLE 3 : SUI TABI LI TY OF A SI TE FOR THE I MPLEMENTATI ON  OF A GREENHOUSE PROjECT

Feature Factor Condit ion Site survey 

Shade 
 
 
 

sunrise (January )  before 09.30 am  

sunset  (January) after 03: 00 pm  

shade from distant object (hill/ moun-
tain) between 9: 30 am and 03: 00 pm  

none  

shade from nearby object (trees/ hous-
es) between 9: 30 am and 03: 00 pm  

none  

Water 
distance to water

Decem ber to March < 600feet  (200m )  

April to October < 300 feet  (�00m )  

Site 
 
 

flat 

slope south facing slope  

if terraced site adjacent  to 
south- facing terrace

 

 m arshy/  dry dry  

Final decision YES/ NO 

 TABLE 5 : SI TE SELECTI ON  

Criter ia Descript ion Score 

Distance to water in winter 

Distance to water in spring 

Slope of site 

Sunrise 

Sunset

TOTAL 
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SELECTI NG THE MOST APPROPRI ATE DESI GN

The design of a greenhouse for a specific location is influenced by the site characteristics, the
clim ate , and the expected am ount  of snowfall.  Ten different  basic designs have been devel-
oped:  one for each of the three m ain types of land in each of three different  clim ates, and a 
tenth for flat land in snowy areas. Details are provided in Section B.

Essent ially there are three shapes of green-
house designed to fit the three different types 
of site.

• Shape A for a flat and dry site
•  Shape B for a south- facing slope
•  Shape C for a site adjacent  to a south- facing 
terrace wall

The designs for different  clim ates focus on 
reducing heat  loss at  the colder sites. Three 
designs are proposed, for cold, very cold, and 
ext rem ely cold (winter)  clim ates. The alt itude 
range at  which these designs are appropriate 
will differ in different  areas depending on the 
lat itude and longitude. As a guide, the clim ate 
at  any given alt itude will be colder in Afghani-
stan and Cent ral Asia than in Ladakh, and 
colder in Ladakh than in Sikkim  ( for exam ple, 
the tem peratures at  2800m  in Afghanistan 
are sim ilar to those at  3500m  in Ladakh) .

Design 1  
For sites with a cold clim ate:  lowest  tem pera-
ture above -�0° C.
Exam ples:  Nubra (Ladakh, I ndia) , Lahaul (Hi-
m achal Pradesh, I ndia) , and Kabul (Afghani-
stan)

Design 2
For sites with a very cold clim ate:  lowest  tem -

perature -�0° C to -�5° C.
Exam ples:  Leh (Ladakh, I ndia) , Bamyan (Af-

ghanistan) , Qinghai (China)
•  Roof insulat ion layer is increased to 2”

Design 3
For sites with an ext rem ely cold clim ate:  low-

est  tem perature below -�5° C.
Exam ples:  Chang Tang (Ladakh, I ndia) , 
Wakham  (Afghanistan)

•  An inner part it ion is added to increase 
therm al m ass
•  A double layer of polythene is used
•  The ground is insulated
•  Only one roof vent ilator is required

Design 4  
For snowy areas.

•  The slope of both roof and polythene in-
crease to 40°  so that  snow can slide off on 
both sides
•  A double layer of polythene is used
•  Only one roof vent ilator is required

Table 6 shows a gr id for select ing the appro-
priate design for a part icular site. I n all the 
designs the door m ust  be const ructed on the 
wall opposite to the prevailing wind to lim it  
infiltration of cold air. Details of the designs 
and how to const ruct  the greenhouses are 
provided in Part  B.

 TABLE 6 : SELECT THE APPROPRI ATE DESI GN

Clim ate 

Site Cold 
m in >  -�0° C 

Very cold
min -�0°C to -�5°C 

Ext rem ely cold
m in < -�5°  C 

Snowy 

Flat  Design �A Design 2A Design 3A Design 4 

South- facing slope Design �B Design 2B Design 3B -

Adjacent  to south- facing 
terrace 

Design �C Design 2C Design 3C -

Note that individual variations are possible to suit the specific location and available materials. These include, for example, 
extending the greenhouse along the east-west  axis (as shown in Picture 2) , and using different  m aterials for the roof 
const ruct ion. A num ber of these possibilit ies are m ent ioned in the above and in the Technical Datasheets.
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PART B

TECHNI CAL GUI DELI NES FOR 
BUI LDI NG A GREENHOUSE
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BUI LDI NG A GREENHOUSE

Part B provides technical guidelines to help people build a greenhouse in the most efficient 
way. In the first part, detailed plans are given for the different designs. This is followed by a 
section on the construction process itself, and then by the methods to be used for the specific 
steps involved in the const ruct ion. The lat ter are provided in the form  of individual datasheets 
that  follow the chronological order of const ruct ion of the greenhouse.

The dim ensions are given in feet  and inches as these are the units m ost  com m only used by 
builders in the trans-Himalayan countries. A set of basic designs for flat plots drawn up in cen-
t im et res is provided in the Annex.

 BASI C CHARACTERI STI CS OF DESI GN  1

Character ist ic Descript ion 

St ructure Orientat ion South 

External dim ensions 32’ x �7’ �0”  

I nternal dim ensions 28’ 4”  x �5’ 

Door posit ion Opposite to prevailing wind 

I nner part it ion No 

Roof slope 30º

Depth of soil surface below outside level 6”  

I nsulat ion Wall insulat ion 4”  

Roof insulat ion ��/ 2”  

Ground insulat ion No 

Vent ilat ion Wall vent ilat ion Yes 

Roof Vent ilat ion 2 roof vent ilators 

Polythene Single /  Double Single 

Manually operated night  insulat ion Yes 

BASI C DESI GNS

There are three basic designs to suit  different  clim ates, each with three different  basic shapes 
to suit  the different  types of site, and one basic design for areas of high snowfall (see Sect ion
A) . The detailed const ruct ion plans for each of these are provided in the following.

Choose Design1A for a flat site (Figure 16), 
�B for a site on a south- facing slope (Figure 
�7) , and �C for a site adjacent  to a south- fac-
ing terrace wall (Figure �8) .

Design 1
Cold clim ate:  lowest  tem perature above -�0° C
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Figure 16: Design 1A - Greenhouse for cold climate, flat land
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Figure �7:  Design �B -  Greenhouse for cold clim ate, south- facing slope
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Figure �8:  Design �C -  Greenhouse for cold clim ate, site adjacent  to a south- facing terrace wall
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 BASI C CHARACTERI STI CS OF DESI GN  2

Character ist ic Descript ion 

St ructure Orientat ion South 

External dim ensions 32’ x �4’ �0”  

I nternal dim ensions 28’ 4”  x �2’ 

Door posit ion Opposite to prevailing wind 

I nner part it ion No 

Roof slope 30º

Depth of soil surface below outside level 6”  

I nsulat ion Wall insulat ion 4”  

Roof insulat ion 2”  

Ground insulat ion No 

Vent ilat ion Wall vent ilat ion Yes 

Roof Vent ilat ion 2 roof vent ilators 

Polythene Single /  Double Single 

Manually operated night  insulat ion Yes 

Choose Design 2A for a flat site (Figure 19), 2B for a site on a south-facing slope (Figure 20), 
and 2C for a site adjacent  to a south- facing terrace wall (Figure 2�) .

Design 2
Very cold clim ate:  lowest  tem perature between -�0° C and -�5° C
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Figure 19: Design 2A - Greenhouse for very cold climate, flat land
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Figure 20:  Design 2B -  Greenhouse for very cold clim ate, south- facing slope
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Figure 2�:  Design 2C -  Greenhouse for very cold clim ate, site adjacent  to a south- facing terrace
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 BASI C CHARACTERI STI CS OF DESI GN  3

Character ist ic Descript ion 

St ructure Orientat ion South 

External dim ensions 32’ x �4’ �0”  

I nternal dim ensions 28’ 4”  x �2’ 

Door posit ion Opposite to prevailing wind 

I nner part it ion Yes 

Roof slope 30º

Depth of soil surface below outside level 6”  

I nsulat ion Wall insulat ion 4”  

Roof insulat ion 2”  

Ground insulat ion Yes 

Vent ilat ion Wall vent ilat ion Yes 

Roof Vent ilat ion � roof vent ilator 

Polythene Single /  Double Double 

Manually operated night  insulat ion Yes 

Design 3
Ext rem ely cold clim ate:  lowest  tem perature below -�5° C

Choose Design 3A for a flat site (Figure 22), 3B for a site on a south-facing slope (Figure 23),
and 3C for a site adjacent  to a south- facing terrace wall (Figure 24) .
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Figure 22: Design 3A - Greenhouse for extremely cold climate, flat land
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Figure 23:  Design 3B -  Greenhouse for ext rem ely cold clim ate, south- facing slope
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Figure 24:  Design 3C -  Greenhouse for ext rem ely cold clim ate, site adjacent  to a south- facing terrace 
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 BASI C CHARACTERI STI CS OF DESI GN  4

Character ist ic Descript ion 

St ructure Orientat ion South 

External dim ensions 32’ x �3’ �0”  

I nternal dim ensions 28’ 4”  x ��’ 

Door posit ion Opposite to prevailing wind 

I nner part it ion No 

Roof slope 40º

Depth of soil surface below outside level 6”  

I nsulat ion Wall insulat ion 4”  

Roof insulat ion 2”  

Ground insulat ion No 

Vent ilat ion Wall vent ilat ion Yes 

Roof Vent ilat ion � roof vent ilator 

Polythene Single /  Double Double 

Manually operated night  insulat ion Yes 

Design 4
Snowy areas

The design for a flat plot is shown in Figure 25.



SOLAR GREENHOUSES FOR THE TRANS-H I MALAYAS42

Figure 25: Design 4 - Greenhouse for snowy areas (flat land)
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THE CONSTRUCTI ON  SCHEDULE

Before Construct ion

Select  the best  site and the m ost  suitable design as described in Part  A.
Study the design and list  the m aterials needed, use the table in Technical Datasheet  �0 as a
guide.
Collect  all the m aterials together and store them  on site.

The Construct ion

The const ruct ion itself can be divided into ten basic steps, each is described in detail in the
Technical Datasheets provided in the following. The steps are as follow:

v Const ruct ing the foundat ion 

Technical Datasheet  �

v Building the walls 
Technical Datasheet  2

v Building the part it ion walls 
Technical Datasheet  3

v Making and installing the door 
Technical Datasheet  4

v Making and installing the wall vent ilator 
Technical Datasheet  5

Figure 26:  A team  const ruct ing a greenhouse in Qinghaï

v Const ruct ing the roof 
Technical Datasheet  6

v Making and installing the roof vent ilator(s)
Technical Datasheet  7

v Finishing the walls
Technical Datasheet  2

v I nstalling the polythene sheet  
Technical Datasheet  8

v I nstalling night  insulat ion 
Technical Datasheet  9

v A list  of m aterials is provided in 
Technical Datasheet  �0
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TECHNI CAL DATASHEET 1 : CONSTRUCTI NG THE FOUNDATI ON

Principle

Foundat ions are the basis of every st ructure. The orientat ion and out line of the wall posit ions
must be exactly as given in the design to ensure maximum efficiency of the greenhouse. The
outline of the walls is first drawn on the ground and the foundations are then dug and filled.

Methods for Orientat ion

Orientation: finding south
The greenhouse m ust  face south for m axim um  
efficiency. The orientation may vary by up to 
�0°  from  due south towards east  or west  if 
this is an advantage in term s of the site con-
figuration, and to save agricultural land.

The first step is to draw a line on the ground 
showing the or ientat ion of the south- facing 
m ain wall (an east-west  axis) . There are two 
ways to do this.

•  Use a com pass
I n the Hindu Kush-Him alayas, m agnet ic north 
is very close to geographic north (+  5° )  and 
you can use the direct ion shown on a com pass 
to find ‘south’. Lay a rope on the ground par-
allel to the east-west  axis given by the com-
pass. Draw a line parallel to the rope to m ark 
the or ientat ion of the south facing wall.

•  Use the ‘plum b- line’ m ethod
First  you m ust  know the exact  t im e of t rue 
m idday, when the sun is at  its highest  point  in 
the sky. I n Ladakh, for exam ple, this is at  20 
m inutes past  �2 (�2: 20 pm ) . 

I f you don’t  know the exact  t im e of m idday, 
place a stick firmly in the ground and mark 
the posit ion of the t ip of its shadow every �0 
m inutes from  about  ��.30 to �2.30 or later. 
Note the t im e of the posit ion when the shad-
ow is shortest . This is m idday.

Then hang a stone from  a rope and hold the 
rope in your hand. Draw a line on the ground 
along the line of the shadow of the rope at  ex-
act  m idday:  this line is the north-south axis.  
Now draw the four cardinal points north, east , 
south, and west  on the ground as shown in  
Figure 27. Make a line for the posit ion of the 
south face of the greenhouse by drawing a 
line along the east-west  axis using a rope.

Now draw a line to m ark the posit ion of the 
full length of the outer wall of the south face 
of the greenhouse. 

Construct ing a r ight  angle

One of the m ost  im portant  parts of wall con-
st ruct ion is m aking sure that  the walls are 
perpendicular to each other, in other words 
form ing a r ight  angle between adjacent  walls. 
There are two ways to do this:  the ‘3,4,5 
m ethod’ and the ‘bisect ing lines’ m ethod. 
These m ethods are used when m arking the 
posit ion of the foundat ion as well as later 
when building the walls.

•  The ‘3 ,4 ,5  m ethod’
Fix a thin rope to a thin post  at  one end of the 
line m arking the posit ion of the south face. Fix 
the other end of the rope to a second post  ex-

act ly 3’ along the south face line. Unwind ex-
actly 9’ of a measuring tape and fix or hold the 
two ends of the tape to the two m arker posts. 
Hold the tape at  a point  exact ly 4’ from  the 
post  m arking the end of the southern face of 

the greenhouse. This point  is 5’ from  the sec-
ond post . Pull the tape towards the north unt il 
it  is taut . I t  will form  a t r iangle with sides of 3’ 

along the south side, 4’ along the north-south 
sidewall,  and 5’ along the diagonal between 
them . The tape will form  an exact  r ight  angle 
(Figure 28) . Mark the posit ion of the side-wall 
by drawing a line along the tape. Repeat  for 

all four corners and m ark the posit ion of the 
outside of all the walls.Figure 27:  Finding south with a plum b line 38
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•  The bisect ing lines m ethod
Start ing at  the point  m arking one end of the 
line showing the posit ion of the south face, 

draw two lines of the sam e length a in op-
posite direct ions, one along the line and one 
along its extension (Figure 29) . Draw an arc 
of a circle of radius b from  the end of each 
of the lines such that  they intersect . Draw a 

Figure 28:  Drawing a r ight  angle using the ‘3,4,5’ m ethod

Figure 29:  Bisect ing lines m ethod to draw a r ight  angle

line between the point  where the arcs inter-
sect  and the point  m arking the end of the wall 
along the south face:  this line m arks the posi-
t ion of the side-wall,  and is perpendicular to 
the south face. 

Note:  Sim ilar m ethods are used to determ ine 
the posit ion of the inner part it ion in Design 3, 
see Datasheet  5.

Preparing and Marking the Ground

•  Excavat ing the slope 
If the plot is on a slope, the first step is to 
excavate the land to provide a flat area. The 
dug out  area at  the back protects the back 
wall (Figure 30) .

Figure 30:  Excavat ing a slope

•  Marking the w all posit ion
Mark the posit ion of the foundat ions of the 
greenhouse with stakes and st r ing, and a 
chalked line on the ground, as described above 
(Figure 3�) . The foundat ions of the back and 
side-walls are 2’ wide (or 2’2”  as in the plans) . 

The south wall foundat ion is �’ wide, in a line 
st retching from  the southern edges of the 
east  and west  walls, as shown in the plan. For 

Design 3, also m ark the posit ion of the inter-
nal part it ion walls. No foundat ion is necessary 
along the north wall in Design C.

Note that  the scale plans show a foundat ion 2’ 

2”  wide, i.e., 4”  wider than the walls and ex-
tending 2”  beyond the wall on each side. This 
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m ay be m arginally st ronger but  experience 
shows that  a 2’ wide foundat ion, extending �”  
beyond the walls on either side, is sufficient.

I f the walls have to be built  with ram m ed 
earth or stone (see Technical Datasheet  2) , 
then the foundat ion t rench m ust  be m ade 
wider accordingly.

Figure 3�:  Marking the posit ion of the walls

Construct ing the Foundat ion

•  Digging the t rench
Dig a t rench �’ 6”  deep within the m arkings. 
Mark the posit ion of the door fram e 3’ from  
the inter ior of the north wall on either the east  
or west  side, whichever is opposite to the pre-
vailing wind, as shown in the plan.

•  Filling the foundat ion
Fill the t rench with m edium sized loose stones 
and dry/ m ud m ortar, according to the usual 
pract ice in the area. I n rainy areas, the foun-
dat ions can be st rengthened by concrete 
m ortar, but  the pr ice will be higher. A 2”  thick 
layer of concrete can be laid on the top of 
the foundat ions to st rengthen the st ructure of 
the greenhouse and reduce the r isk of dam p 
(Figure 32) .

Preparing the Floor of the Greenhouse

I n Designs �, 2 and 4, when the foundat ion 
is complete, dig out the greenhouse floor to 
a depth of 6” so that the level of the floor is 
lower than that  of the outside ground.
In Design 3, dig out the floor to a depth of 
�’2”  after wall const ruct ion is com plete but  
before installing the plast ic cover. Cover the 
surface with a 2”  layer of dung, and replace 
half the soil in a 6” layer to give a final floor 
level inside the greenhouse that  is 6”  below 
the level of the outside ground.

Figure 32:  Covering the top of the foundat ion with a layer of concrete
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TECHNI CAL DATASHEET 2 : BUI LDI NG THE w ALLS

Principle

The walls are built  on the foundat ions, leaving �”  of the (2’ wide)  foundat ion clear on either side 
of the wall. The walls must  be shaped in the precise way shown in the designs so that  the roof 
angle is correct . The back wall is a simple vert ical wall whose top is parallel to the bot tom.

I f the greenhouse is built  in a ext rem ely cold 
clim ate area (Design 3) , two part it ion walls 
m ust  also be built ,  as described in Technical 
Datasheet  3.

I f the site is adjacent  to a south- facing terrace 
wall,  then this wall can be used as the north 
wall of the greenhouse. The stones shown 
in designs �C, 2C, 3C represent  the terrace 
wall,  although in general the wall will be solid 
earth. I f necessary, the wall can be st rength-
ened with addit ional stones, especially the 
top, which supports the roof.

Care must be taken to ensure that water is 
drained away from the back of the greenhouse in 
Designs B (on sloping land) and C (built  against  
a terrace). Construct a drainage channel behind 
the greenhouse as shown in the plans.

Out lining the Shape /  
Set t ing the Angles of the w alls

Outline the shape of the top of the finished 
east  and west  walls in the air  using the rope 
and stakes m ethod as follows. Ham m er 
three long stakes into the ground along the 
outer edge of the side wall,  one at  the posi-
t ion of the outer edge of the north wall,  one 
4’6”  from  the inside edge of the north wall 

(6’4” from the first stake), and one 2’6” from 
the outer edge of the south foundat ion. Tie 

a piece of string around the first stake at a 
point  4’ above the foundat ions ( the height  of 

the north wall) , then t ie it  around the sec-
ond stake at  a point  7’6”  above the foundat ion 
(3’6”  above the level of the north wall) , and 
around the third stake at  a point  4’ above the 
foundation, and finally fix it to the ground at 
the outer edge of the south foundat ion. The 
line of the st r ing m arks the edge of the roof at  
a 30°  angle to the top of the north wall,  and 

the top of the side-wall (Figures 33, 34) .

Repeat  for the other side-wall.  The wall is then 
const ructed up to the level of the rope (Figure 
34) . A piece of st r ing t ied between the points 

m arked on the m iddle stakes m arks the posi-
t ion of the cent ral beam  and the top edge of 
the roof.

Use a plumb line (stone hanging from a piece 
of st ring)  to ensure that  the walls are vert ical.

Construct ing the w all

Planning the w all
Generally, the wall should be built  of three 
vert ical layers (Figure 35) :

•  an external load-bearing wall,  �2”  wide, built  
with m ud bricks, ram m ed earth, or stone
•  a layer of insulat ion, 4”  thick
•  an internal therm al storage wall,  6”  wide, 

built  with m ud bricks

The m ud bricks are cut  fresh (not  sun-dried)  

and should m easure about  �2”  x 6”  x 6”. The 
wall thicknesses given are a m inim um  (�2”  for 
the load-bearing wall and 6”  for the internal 
therm al storage wall) . I t  is advisable not  to 
reduce these sizes when using the m ud brick 

technique, although they can be increased.

The form  is shown in Figures 35 & 36. Mark the 
posit ion of the door frame and wall vent ilator 

and install these while const ruct ing the wall as 
described in Technical Datasheets 4 and 5.

Figures 33, 34:  Out lining the posit ion of the top of the wall 
with thick st r ing ( in Qinghai and Ladakh)
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Building the w all
When the walls are const ructed with m ud 
brick, then the outer and inner walls are 
const ructed sim ultaneously (Figure 36) . The 
st ructure can be reinforced with st icks every 
8’ along the wall and every 2’ of wall height  
(Figure 37) . When stone or ram m ed earth is 
used, the walls are const ructed one after the 
other. Be careful to leave spaces for the door 

and vent ilator and to line the door fram e with 
m ud bricks as described in Technical Data 
Sheets 3 and 4.

Filling the I nsulat ing Layer

The gap between the inner and outer walls is 
filled with insulating material. 

Suitable insulat ing m aterials include st raw 
( long stem s) , m achine st raw (short  stem s 
cut  by m achine) , wild bushes, dr ied horse or 
donkey dung, dry grass, sawdust , and wood 
shavings. Dry leaves are not  suitable as they 

generally turn to dust  within four years or so, 
so that  the insulat ion effect  is lost .

Erect  2 m ud walls 6”  and �2”  thick, leav-
ing a 4”  gap between them .

Fill the gap with:
•  �’-6”  seabuckthorn +  insulator m ixed

•  st raw or other insulator

•  cover with (plank and)  a layer of m ud

Figure 35:  Plan of double wall const ruct ion

Figure 36:  Building a double wall with m ud bricks in Af-
ghanistan

First  chop seabuckthorn or any other thorn 
bush into 4”  to 6”  long pieces and m ix them  
with the chosen insulat ing m aterial. Fill the 
lower �’ 6”  of the gap with this m ix. The aim  is 

to protect  the greenhouse from  rats and m ice. 
A m ix of chopped ‘water resistant  grass’, such 
as ‘nai’ in Afghanistan or ‘yagzee’ in Ladakh, 

and chopped seabuckthorn can lim it  m oisture 
problem s arising from  groundwater.

Fill the rem aining gap with insulat ing m ate-
r ial. When the gap is full,  push the m aterial 

down a lit t le with a st ick, and then com pletely 
fill again to the top with loose material. Don’t 
push down again.

Figure 37:  View of double wall separated by insulat ion lay-

er (st icks are added to reinforce the gap)
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expensive and the useable area sm aller. I n 
special situations other modifications are 
needed. I n Qinghai, for exam ple, the quality of 
the soil ( for m ud bricks)  is poor and a 4”  thick 
outer wall is built  with baked bricks to protect  
the wall from  the rain and a �2”  thick inner 
wall is const ructed with ram m ed earth stabi-
lised by 5%  cem ent  to increase the therm al 

Finishing the w alls

Finish the wall by covering the insulat ing layer 
with mud. A more durable, but more expensive, 
solut ion is to lay strips of waste planks (3”  wide)  
on top of the insulat ing layer before adding the 
mud layer. A bank of earth can be added around 
the lower part  of the outside of the walls to re-
duce heat loss through the foundat ions.
Plaster the walls com pletely, outside and in-
side. Tradit ional m ud plaster is suitable for the 
outside;  cem ent  wash plaster is preferable in-
side. I f m ud plaster is used for the inside, do 
not  add st raw to it  as this will rot  in the hot  
dam p atm osphere. The walls have to be very 
sm ooth so that  they can be whitewashed or 
painted.

Painting the walls
Paint  black or whitewash the inside walls as 
follows (Figure 38) .

•  The inner side of the west  wall is white-
washed to reflect the morning radiation to 
the vegetables.
•  The inner side of the east  wall is painted 
black to absorb and store the afternoon so-
lar radiat ion.
•  The bot tom  two feet  of the inner side of 
the north wall are whitewashed and the up-
per part  painted black for sim ilar reasons.

The black paint  can be m ade with a m ixture of 
oil and ashes or with powder paint .

Alternat ives

Various alternat ives are possible according 
to the availability of local m aterials. I f m ud 
bricks are not  available, the walls can be built  
with ram m ed earth or stone, but  the foun-

dat ion width (and wall width)  will need to be 
increased and the greenhouse will be m ore 

Figure 38:  View of whitewashed west  wall and black paint-

ed north wall.

Figure 39:  Const ruct ion of an outer wall with baked bricks 
and an inner wall with stabilised ram m ed earth in Qinghai

m ass (see Figure 39) . I n Spit i ( I ndia) , where 

the clay content  of the soil is high, skilled m a-
sons are able to const ruct  the double wall us-

ing a single fram e with two layers of ram m ed 
earth inside (2 x 8”  thick)  separated by a 4”  

sandwich layer of st raw. Another possibility is 
to const ruct  a double wall out  of stone with a 

2-3”cavity between the walls packed with in-
sulat ing m aterial. Such a wall m ay need inside 
reinforcem ent  in the form  of a st r ip of knot ted 

galvanised wire joining the two layers.
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TECHNI CAL DATASHEET 3 : BUI LDI NG THE PARTI TI ON  w ALLS

Principle

Two sm all (�’ thick)  internal part it ion walls are built  at  the back of the greenhouses built  for 
ext rem ely cold clim ates (Design 3)  to increase the therm al m ass. These walls can usually also 
be used to replace the wooden pillars that  are otherwise needed to support  the roof.

Figure 40:  Plan view of greenhouse part it ion walls

Procedure

•  The part it ion walls should be built  on a foun-
dat ion for st rength. Mark the posit ion of the 
part it ion walls when m arking out  the foun-
dat ion, and dig and prepare a foundat ion for 

them  at  the sam e t im e as for the other walls 
(Technical Datasheet  �) .

•  Erect  the part it ion walls at  the sam e t im e as 
the back (north)  wall (Figure 40) .

•  The walls need to be sloped at  the angle of 

the roof. Stop building when the walls have 
reached a height  of 4’ above the outside 
ground and m ark the shape of the wall slope 

in the sam e way as described for the east  and 
west  walls in Technical Datasheet  2. Build up 
the wall to this shape.

Figure 4�:  Finishing off the part it ion walls

Figure 42:  Com pleted inner part it ion walls, greenhouse in 

Zeback dist r ict , Afghanistan
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TECHNI CAL DATASHEET 4 : MAKI NG AND I NSTALLI NG THE ACCESS DOOR

Principle

A door is built  into the wall to provide access and act  as a vent ilator for cooling. I t  is const ruct-
ed in the wall opposite to the prevailing wind to reduce unwanted drafts.

Carpentry

The door frame
•  Prepare four wooden beam s cross-sect ion 4”  
x 3”  and im pregnate them  with oil ( to m ake 
them  m oisture resistant ) , two 5’ long and two 
3’ long.
•  Cut  the inner edges as shown in Figure 43.
•  Fix them  together to obtain a rectangular 
fram e with outside dim ensions of 5’ 6”  x 3’ 
(4”  thick)
•  For the lintel, prepare two sm all beam s 4’ 
long (sect ion 4”  x 3”  or diam eter 4” ) , and a �”  
thick plank, �’ �0”  wide (or the wall thickness)  
and at  least  3’ 6”  long.

Figure 43:  Fram ework for door

The door
•  Select  good quality wood, sect ion at  least  
2”  x �½ ”.
•  Build a rectangular fram ework using wooden 
bat tens with external dim ensions 5’ 2”  x 2’ 8”  

(height  by width)  as shown in Figure 44.
•  Nail another wooden bat ten across the width 
of the fram e in the cent re to reinforce it .

•  Cut  two pieces of plywood 5’ 2”  x 2’ 8”, one 
at  least  6 m m  thick ( for the outside) ;  and one 
4 m m  or m ore thick ( for the inside) . Paint  
them  white or im pregnate with oil.
•  Nail one piece of plywood to one side of the 

assembled frame. Turn the door over and fill 
the spaces with insulat ing m aterial as shown 
in Figure 45. Nail the second piece of plywood 

over the m aterial (Figure 44) .
•  At tach two hinges to the side of the door.

Masonry –  I nstalling the Door

•  Mark the posit ion of the door when m ark-
ing out  the foundat ion. The door is placed on 
the opposite side to the prevailing wind. The 

opening for the door fram e starts 3’ from  the 
inside of the north wall (Figure 46) .
• The door frame is fitted at the centre of the 
outside load-bearing wall ( the outer �’ wide 
wall)  after the foundat ion const ruct ion and 
before the wall erect ion, and in such a way 

that  the door can swing open to the inside, 
with the hinges towards the inside of the 
greenhouse. ( I n Afghanistan, in cont rast  to 
m ost  other areas of the t rans-Him alayas, the 
door fram e is usually installed after the walls 

have been const ructed.)

Figure 44:  Plan for the door

Figure 45:  Assem bling the door
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•  Build the east  or west  wall (as appropriate)  
start ing from  the north and south walls as 
described in Technical Data Sheet  2. Line the 
opening for the door fram e with m ud bricks as 
shown in Figure 47.
•  Cont inue erect ing the wall unt il it  reaches 
the top of the door fram e.
•  When the wall reaches the top of the fram e, 
install the lintel. The best  way is to balance 
two sm all beam s (4’ long, sect ion 4”x3”  or di-
am eter 4” )  across the ends of the walls (one 
on the inside and one on the outside)  so that  
they support  one (or two narrow)  horizon-
tal �”  thick, 3’6”  long, and �’�0”  wide plank 
(Figure 48). A cheaper alternative is to fill the 
space between the two beam s with wooden 

st icks and to place a jute bag over the st icks 
and beam s.
•  Cont inue const ruct ing the double wall 
above the door fram e according to the plan 
(Figure 48) .

• When the wall is complete, fix the door itself 
to the hinges on the door fram e.
•  An addit ional half shut ter covered with chick-

en mesh or metal bands can be added to the 
outside of the door. This can be closed to keep 
animals out  when the greenhouse is vent ilated 
by opening the main door (Figure 49) .

Figure 46:  Posit ion of door

Figure 47:  The m asonry procedure for building the wall 
support ing the doorway

Figure 48:  The m asonry procedure for building the wall 

support ing the doorway

Figure 49:  A second shut ter covered by m etal bands
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TECHNI CAL DATASHEET 5 : MAKI NG AND I NSTALLI NG THE w ALL VENTI LATOR

Principle

I n order to cool the greenhouse by natural vent ilat ion, a side shut ter is installed across from  
the m ain door in the opposite wall.

Carpentry

The ventilator is composed of a fixed frame 
and an art iculated shut ter.

The shutter frame
•  Use pieces of t im ber of cross-sect ion 4”  x 3”  
to make a fixed frame of outer dimensions 2’ 
x �’6”  as shown in Figures 50 and 5�.
•  Cut  the inner edges sim ilar to the way shown 
in Figure 43 (Technical Datasheet  4) .
•  Paint  the fram e white or use wood im preg-
nated with oil to prevent  weathering.

The shutter
•  Make a fram e with outer dim ensions �’2”x 

�’4”  using wooden bat tens of cross-sect ion 

2”x�½ ”.

•  Cut  two pieces of plywood �’2”x �’4”, one at  

least  6 m m  thick ( for the outside) ;  and one 4 

m m  or m ore thick ( for the inside) . Paint  them  

white or im pregnate with oil.

•  Nail one piece of plywood to one side of the 

assem bled fram e. 

Turn the shut ter over 

and fill the spaces 
with insulat ing m a-

ter ial (st raw, wild 

grass, sawdust , as 

for the door) . Nail 

the second piece of 

plywood over the 

m aterial. Figure 5�:  

The vent ilator fram e 

Figure 50:  Diagram  

of shut ter fram e in-

stallat ion 50 Solar 

Greenhouses for the 

Trans-Him alayas

Masonry

•  Mark the posit ion for the 
shut ter. I t  should be direct ly 
opposite the door, in other 
words the edge of the fram e 
is 3’6”  from  the inside of the 
north wall (Figure 50) .
•  Start  const ruct ing the dou-
ble wall on the opposite side 
of the door ( the east  or west  
wall)  as explained in Technical 
Datasheet  2.
•  Const ruct  the wall to a height  
of 2’6”  feet  above the ground. 
At  the posit ion of the vent ila-
tor, install a layer of br icks horizontally (across 
both walls and the cavity)  as the last  layer as 
shown in Figure 52.
•  I nstall the shut ter fram e (outside dim ensions 

2’x�’6” )  at  the cent re point  of the wall width 
(above the inside edge of the load-bearing 
wall)  as shown in Figure 52. Orient  the fram e 
so that  the shut ter will open to the inside.
•  Cont inue erect ing the wall around the fram e, 
leaving an opening throughout  the width of 
the wall.
•  When the wall reaches the top of the fram e, 
place one (or two)  horizontal planks (�”  thick, 
2’6”  long and �’�0”  wide)  or a layer of st icks 
over the top of the fram e to support  the wall 
above, as shown in Figures 53 and 54.
•  Cont inue building the double wall (with in-
sulat ion)  on both sides of the vent ilator and 
above the lintel to the full height  shown in the 
diagram .
•  When the wall is com plete, at tach the shut-
ter to the hinges on the shut ter fram e.

•  Cover the external side of the shut ter with 
chicken m esh so that  anim als cannot  enter 
the greenhouse when the shut ter is open 
(Figure 53) .

Figure 50:  Diagram  of shut ter fram e installat ion

Fig 5�:  The vent ilator fram e

Figure 52:  Posit ioning the 
shut ter fram e on the wall

Figures 53 & 54:  I nside and outside views of installed side 
shut ter with chicken m esh outside
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TECHNI CAL DATASHEET 6 : CONSTRUCTI NG THE ROOF

Masonry and Roof Supports

The north and side-walls of the greenhouse are constructed in a shape that  supports the roof.

•  Start  erect ing the north wall and side-walls 
following the guidelines given in Technical 
Datasheet  2. Com plete to a height  of 4’.

•  When the north wall reaches a height  of 4’ 
above the foundat ions, build a single line of 
br icks of width 6”  along the outside of the wall 
to sustain the roof m aterial, as shown in Fig-
ure 55. Stop building the north wall.

•  Build the east  and west  walls to the shape 
m arked out  (Technical Datasheet  2) .

•  Prepare two wooden beam s 6”  in diam eter, 

each the sam e length as the greenhouse in-
cluding the end walls (32’) , or four beam s 
each �6’ long, or six beam s each ��’ long. 

I m pregnate with oil to m ake them  m oisture 

resistant . Full 32’ long beam s are the m ost  

suitable.

•  I f necessary, join two (or three)  beam s to-
gether to achieve the length. For three beam s, 
two posts are required as support .

•  I nstall one (or two)  vert ical wooden posts 
(ø 6” )  impregnated with oil at  equal intervals 
along the line marking the top edge of the roof 

to support  the main roof beam. A second set  
of posts can be added inside the first to sup-
port  the second roof beam depending on the 
materials used and design (as in Figure 55) . 
This second set  is never required in Design 3.

•  Lay the m ain beam  across the end walls at  

the point marking the edge of the roof and fix 
to the support ing posts using one of the two 

techniques illust rated in Figures 56.

•  The second ( inner)  beam  can be installed 
in the sam e way using posts, or supported by 
the cross-beam  to the north used to stabilise 

the m ain beam  (see next  step) , or support-
ed by the part it ion walls (Figure 42) . The in-
ner beam  supports the bot tom  of the shut ter 
fram e(s)  (Figure 57) .

•  The roof st ructure is stabilised by a cross-
beam  towards the north or south. Either

a)  cross beam  to the south. Fix a 6”  di-

am eter crossbeam  to the cent re of the top 
beam  (where it  is supported by the post ) , 
with one end pressing against  or under the 
beam  and the other on the foundat ion of 
the south wall.  This is st ronger, but  it  re-

duces the freedom  of m ovem ent  inside the 

front  part  of the greenhouse (Figures �0 
and �3) . Or

Figure 55:  Posit ion of roof and supports

Figures 56:  Fixing the beam  to a post , Ladakh ( top)  and 
Qinghai (bot tom )
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b)  cross beam  to the north from  the top of 
the roof to the top of the north wall.  Fix an 
8”  diam eter beam  to the cent re of the top 
beam  (where it  is supported by the post ) , 
with one end under the beam  and the other 
rest ing on the top of the north wall (Figures 
�5 and 38) . Or

c)  cross beam  to the north from  the top of 
the roof to the bot tom  of the north wall.  Fix 
a 6”  diam eter beam  to the cent re of the top 
beam  (where it  is supported by the post ) , 
with one end under the beam  and the oth-
er rest ing on the bot tom  of the north wall 
(Figure 58) .The m ost  durable greenhouses 
are const ructed with solut ions a)  and c) .

•  I nstall the top vent ilator fram e(s)  as ex-
plained in Technical Datasheet  7.

Figure 57:  Roof st ructure with two beam s and shut ter 
fram es in posit ion in Spit i

Figure 58:  Cross beam  to the south

Figure 59:  General view of greenhouse st ructure

Note:  I f wooden beam s are cheap, a st ronger 
roof can be const ructed using a single hori-
zontal top beam  (6’’ diam eter)  with t ransver-
sal joists (4’’ diam eter)  every 2 feet  rest ing at  
the bot tom  on the north wall and at  the top on 
the horizontal beam  (see Figure 59) .

Construct ing the Roof

The basic com posit ion of the roof is shown in 
Figure 60.

•  Place thick st icks or bamboo canes (about  

�”  diameter)  in a cont inuous layer lying across 
the beams with their lower ends rest ing against  
the line of mud bricks at  the edge of the north 
wall (Figure 6�) . Trim  the st icks to the correct  
length (7’) . The st icks can be nailed to the top 
of the beam to prevent  bending.

Figure 60:  Roof com posit ion

Figure 6�:  The layer of st icks form ing the underside of the 
roof

•  Com pletely cover the st icks with a layer of 
cardboard or jute bags.

•  Cover the cardboard or jute bags with a �½ ”  
(Design �)  or 2”  (Designs 2, 3, 4)  thick layer 

of st raw.
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•  Apply a 3”  thick layer of m ud m ixed with 
coarse chopped st raw ( ‘pushka‘ in Ladakh)  
(Figure 62) .

•  A white cloth m ay be added under the roof 
to increase the insulation and reflect more so-
lar radiat ion onto the crops (Figure 63) .

Figure 62:  Applying the layers of cardboard, st raw, and 

m ud

• Do not use polythene film for any of the lay-

ers of the roof, as it  will cause the st icks to 
rot . The roof m ust  be able to breathe in order 

to avoid t rapping m oisture.

•  After the roof has been const ructed, build 
the inner part  of the north wall up to the st icks 
or bam boo as shown in Figure 55.

Figure 63:  A white cloth added under the roof

Note:  in rainy areas, a sm all overhang (about  
6’’ wide)  m ade with m etal sheet  or sm all 
wooden st icks can be added at  the back of 
the greenhouse to protect  the wall from  rain 
(Figure 64) .

Figure 64:  Sm all overhang at  the back of a greenhouse 

in Spit i

Figures 65 & 66:  A roof st ructure m ade of t im ber and bam -

boo (Qinghai)

I n som e places, such as Qinghai, t im ber and 
bam boo are cheaper than beam  and st icks 
(Figure 65) .
The bam boo canes are nailed onto the wood-
en joists (Figure 66) .
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TECHNI CAL DATASHEET 7 : MAKI NG AND I NSTALLI NG THE 
                                  ROOF VENTI LATOR ( SHUTTER)

Principle

During spring and sum m er (April to Septem ber) , the air  in the greenhouse can becom e very 
hot  reaching tem peratures of 45° C or m ore. Tem peratures above 30° C can dam age the vege-
tables, so when the inter ior tem perature r ises above 28° C, the greenhouse has to be cooled. 

Properly designed natural vent ilat ion offers 
an efficient way of cooling the greenhouse: 
the warm  air r ises and leaves the greenhouse 
through openings in the roof, drawing in cool-
er air  from  outside through openings located 
at  the bot tom  of the greenhouse. I n this de-
sign, one (Designs 3 and 4)  or two (Designs 

� and 2)  vent ilators are installed in the roof 
of the greenhouse, and the door and wall 

shut ter provide the lower openings (Technical 
Datasheets 4 and 5) . The vent ilat ion system  

is shown schem at ically in Figure 67. When the 
inter ior tem perature r ises above 28° C, all the 

vent ilators are opened to cool the greenhouse 
(Figure 68) . When the tem perature falls be-
low 28° C, they are closed.

Carpentry

The ventilator is composed of a fixed wooden 
fram e and an insulated art iculated shut ter 
which can be opened and shut  m anually. The 
const ruct ion m ethod is sim ilar to that  for the 

door and wall vent ilator, but  the upper side of 
the shut ter is covered with a m etal sheet .

The shutter frame
•  Use pieces of t im ber of cross-sect ion 4”  x 3”  
to make a fixed frame of outer dimensions 4’ 
x 3’ x 4”  as shown in Figure 30. Cut  the inner 

Figure 67:  View of air  circulat ion through roof vent ilator

Figure 68:  I nside view of the roof shut ter propped open

edges as shown in Figure 69 in order to fix 
the shut ter and m ake the shut ter/ fram e joint  
air  t ight .

•  Paint  the fram e white or use oiled wood to 
prevent  weathering.

Figure 69:  Const ruct ion of the fram e
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The shutter
•  Make a fram e with outer dim ensions 2’9”x 
3’9”  using wooden bat tens of cross-sect ion 2”  
x 2”.
•  Cut  a piece of 4 m m  plywood the sam e size 
as the fram e and nail it  to the internal side of 
the assem bled fram e.
• Turn the shutter over and fill the spaces with 
insulat ing m aterial. The best  m aterial is ‘m a-
chine st raw’, but  ordinary st raw, wood shav-
ings, and horse dung are also suitable. Saw-
dust  and goat  dung, which m ay leak, should 
be avoided.
•  Nail a m etal sheet  to the external side of the 
fram e to cover the insulat ing m aterial.
•  Paint  the inner side of the shut ter white to 
reflect the solar radiation to the crops. A coat-
ing of waterproof paint  can be added to the 
outer side of the shut ter to protect  the m etal 
sheet and help prevent water infiltration.
• Take a 4’ long flat iron bar. Drill 5mm diam-
eter holes every 4”  along the lower half and 
at tach to the inside of the shut ter at  cent re 
bot tom  with a 2”  hinge. The bar is used to 
push and pull the shut ter open and shut , and 
to prop it  fully or half open (Figures 38, 68) .

I nstallat ion

The roof vent ilator fram es are installed at  the 
sam e t im e as the roof st ructure is const ructed 
(Figure 70) . I n Designs � and 2 two fram es 
are inserted each located 7’ from  the inside 
sidewall, and fitted into the roof. In Designs 
3 and 4, a single fram e is installed in the roof 
m idway between the two side-walls.

•  Place the fram e lengthways so that  the top is 
rest ing on the m ain roof beam  and the bot tom  

on the second roof beam  in such a way that  
the shut ter will open to the outside (Figures 

70 and 7�) . The canes or st icks that  provide 
the base of the roof lie between the fram e and 

the lower beam  (Figure 38) .

•  Nail the fram e to the beam s and cont inue 
to const ruct  the roof around it  so that  it  is 
em bedded in the layers that  m ake up the roof 
(Figure 70) .
•  Fix the shut ters on the top of the fram e to 
the outside with two hinges after the roof is 

com pleted.
•  Ham m er a nail into the cent re of the lower 

part  of the fram e or the inner beam  inside the 
shut ter in such a way that  it  can slip into the 

holes in the iron rod or bar at tached to the 
shut ter and be used to prop the shut ter open 

(Figures 38, 72) . The am ount  of vent ilat ion is 
regulated by using different  holes in the bar 
to prop the shut ter part ially or fully open.

•  Place a st r ip of rubber along the shut ter/
fram e joint  to m ake it  air  t ight  when the ven-
t ilators are closed at  night .

Note:  A cent re st rut  can be added to the fram e 

to m ake it  st ronger (Figure 72) .

Figure 70:  Fixing the fram e of the roof shut ter

Figure 7�:  Open roof shut ter from  outside

Figure 72:  Open roof shut ter from  inside
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TECHNI CAL DATASHEET 8 : I NSTALLI NG THE POLYTHENE SHEET

Principle

I t  is very im portant  point  to ensure that  the polythene sheet  is st retched t ight  and at tached 
firmly to prevent it flapping in the wind. If this is done properly, the sheet can last as long as 
seven years. If not, damage resulting from flapping and rubbing can destroy the sheet in one 
season. Polythene expands with heat, so it should be fixed during the warmest hour of a sunny 
day when it is well-expanded so that it becomes taught as it cools. If it is fixed when cold, it 
will later expand and becom e loose, and be m ore suscept ible to wind dam age.

Construct ing the Support  St ructure

The polythene for the front  part  of the roof 
can be supported by a wooden st ructure or a 
st ructure m ade out  of reused steel pipe. Con-
st ruct ion of the wooden st ructure is described 
below and shown in Figure 73 and 74. Steel 
pipe st ructures are const ructed in a sim ilar 
way to provide the sam e support  shape.

•  Prepare 2 wooden posts (4”  diam eter, 5’6”  

long)  and 3 wooden beam s (3”  x 2”  sect ion, 

��’ long) . Round beam s are also suitable. ( I t  
is also possible to use 2 wooden beam s �6’ 
long, with 3 wooden posts as support .)

•  Fix the 2 posts at  a posit ion 9’ from  each 
side-wall,  and �’6”  from  the inside edge of the 

south side of the greenhouse along the line 
that  m arks the change in wall angle. Em bed 
the posts �’ into the ground (�’6”  below the 
outside ground level)  so that  the tops reach 
a line joining the walls at  the point  where the 

wall angle changes.

•  ( I f a double layer of polythene is used the 
thinner inner sheet  is draped in posit ion over 

the posts before the next  step, see below.)

Figure 73:  Wooden support  st ructure for the polythene sheet

•  Fix the 3”  x 2”  (or round)  wooden beam s on 
a line from  the top of the walls (at  the posi-
t ion of the angle change)  across the top of the 
posts. The beam s should be em bedded in the 
sidewall,  cut  to size, and nailed to the top of 
the posts.

•  Add wooden joists between the cent ral sup-

ports and the top beam , one above each post  
and/ or at  intervals as described below. The 

joists can be 2”  diam eter wooden st icks, 3”  x 
2”  wooden st r ips, or st r ips of 4”  bam boo split  

into quarters. The num ber and spacing de-
pend on the wind and snow load. More joists 
provide m ore support  and reduce the danger 

of wind dam age, but  they also reduce the so-
lar t ransm ission and im pair plant  growth.

v For low wind or snow load space joists 
at  about  5’. No t ransversal iron wires are 

required.
v For m edium  wind or snow load space 
joists at  about  4’ and add t ransversal iron 

wires (2 m m  diam eter)  every 3’.
v For high wind or snow load space joists at  
about  3’ 4”  and add t ransversal iron wires 
(2 m m  diam eter)  every 2’.
v Paint  the iron wires white to prevent  them  

burning the plast ic sheet  in sum m er) .
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•  Other m ethods preferred by local builders 
are also possible, see for exam ple Figure 42.

•  Add addit ional joists between the cent ral 
support  and the foundat ions of the south wall 
as a cont inuat ion of the upper joists. The 
joists should not  rest  direct ly on earth;  this is 
less durable because the earth layer crum bles 
(Figure 75) . I ron wire is not  needed.

Figure 74:  Wooden support  st ructure for the polythene sheet  (Lowgar, Af-

ghanistan)

•  Sm ooth the surface of the wooden support  

st ructure as m uch as possible, especially at  
the angle, to prevent  dam age to the polythene 
sheet . Cloth or sacking can be added between 

the wooden beams and the polythene film to 
provide further protect ion.

Attaching the Polythene Sheet

Single layer of polythene (Designs � and 2)
• Purchase a UV resistant polythene film, 0.4 
m m  thick, at  least  32’ long and �8’ wide
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Figure 75:  Joists balanced on a crum bling earth layer (out-
side ground level)  in a greenhouse without  southern foun-

dat ions

•  During the warm est  t im e of a sunny day, lay 
it  over the greenhouse from  top to bot tom .

•  Roll the top end of the polythene around a 
beam , br icks, or a pipe and lay this just  be-
hind the main beam on the fixed roof (Fig-
ure 7�) . Weight  the rolled over edge of the 
polythene down with m ud bricks. First  place 
sacking or jute bags (not  plast ic)  or a layer 
of earth on the polythene and lay the br icks 
on this to avoid dam aging the polythene. The 
bricks should lie over the m ain beam  at  the 
top of the fixed roof (Figure 76).

•  Weight  the polythene onto the side-walls in 
a sim ilar fashion using m ud bricks, or cem ent  
bags filled with sand, laid on a layer of earth 
(Figure 76) .

Figure 76: Close-up view of fixing the polythene sheet with 
m ud bricks laid on a m ud coat ing

•  At  the bot tom , t ie it  as st rongly as possible 
by hand or by using knot ted galvanised iron 
m esh with 8” -�0”  openings ( the sort  used to 
const ruct  gabions)  or box st raps or packing 

bands, st retched and anchored into the end 
walls. Weigh the end of the sheet  down at  the 

base onto the foundat ion of the south wall,  
again using m ud bricks placed on sacking or 

jute bags or a layer of earth. Cover the whole 
area with earth (Figure 77) .

Figure 77: General view of fixing of the polythene sheet
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Do not cover the fixed roof with polythene. 
The roof m ust  breathe or the wood and st raw 
will rot . The polythene will be st retched to a 
m axim um  if it  is t ied t ight ly, and won’t  vibrate 
in the wind.

Double layer of polythene (Designs 3 and 4)

The steps are sim ilar to those for a single layer 
of polythene, but  a second layer of very thin 
(0.2 mm) polythene is added first below the 
wooden st ructure. This double layer of poly-
thene acts as an insulator as long as there is 
a layer of air  between the two sheets;  thus 
the two sheets should not  touch each other. 
The upper layer of polythene is 0.4 m m  thick 
as above. The second layer m ust  be thin (0.2 
m m )  to allow as m uch solar radiat ion as pos-
sible to pass through.

•  Fix the posts in place as described above 
under ‘Const ruct ing the support  st ructure’.

•  Purchase a thin plast ic sheet  32’ long and 
cut  to the width of the greenhouse with a �’ 

overlap each side.

•  Drape the sheet  over the posts in the cor-
rect position but without fixing it. A thin piece 
of cloth or sacking can be placed on the posts 
first to protect the plastic.

•  Install the central beam, joists, and iron wire 
above the lower plast ic layer as described above 
under ‘Construct ing the support  structure’.

•  Fix the lower polythene layer to the fram e 
by nailing through st icks lying under the fram e 
and polythene.

•  Weight  the polythene onto the side-walls us-
ing a 2”  layer of m ud so that  an air  gap will 
rem ain between the layers of polythene.

•  Fix the upper polythene layer above the 
wooden fram e as described for a single poly-

thene layer.

Recommendations for windy weather 
Where there is danger of st rong wind, the 
polythene sheet  m ust  be supported to prevent  
dam age. Place a rope net  over the polythene 

sheet  after installat ion to add load to the 
greenhouse and m inim ise wind effects on the 
plast ic. I nstall a second rope net  t ight ly below 

the polythene between the m iddle beam  and 
the top beam  (Figure 78) .

Recommendations for areas with a hot 
clim ate in sum m er 
I n areas with a cont inental clim ate, the sum -
m er can be very hot  (e.g. Kabul in Afghani-
stan) . I n these areas, we recom m end increas-
ing the vent ilat ion by enlarging the surface 
that  can be opened, especially in the lower 
part  of the greenhouse. This can be done, for 
exam ple, by lift ing the polythene along its 
south face (Figure 79)  or adding an operable 
fram e covered by polythene. These openings 
m ust  be t ight ly shut  again if there is a chance 
of st rong wind.
Recom m endat ions for windy weather Where 
there is danger of st rong wind, the polythene 

sheet  m ust  be supported to prevent  dam age. 
Place a rope net  over the polythene sheet  af-
ter installat ion to add load to the greenhouse 

and m inim ise wind effects on the plast ic. I n-
stall a second rope net  t ight ly below the poly-
thene between the m iddle beam  and the top 
beam  (Figure 78) .

Figure 78:  Rope net  securing the polyethylene sheet  

against  wind

Figure 79:  South face of polythene lifted to im prove cool-
ing
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TECHNI CAL DATASHEET 9 : I NSTALLI NG NI GHT I NSULATI ON

Principle

The heat  loss through the polythene is very high, and if it  is left  uncovered at  night  the green-
house can becom e very cold affect ing vegetable growth. To prevent  this, a m anually operated 
insulator (night  curtain)  is drawn under the polythene after sunset  and rem oved at  sunrise. A 
cloth added underneath the polythene can halve the heat  loss and increase the inter ior tem-
perature by 5° C. But  the insulat ion is only effect ive if a space is left  between the polythene 
and the cloth and the air  inside this space is t rapped;  the cloth m ust  be air- t ight  and the join 
between the cloth and the polythene sealed at  the top, bot tom , and sides. The cloth m ay be 
wet  in the m orning and should dry during the day.

Construct ion

The cloth (e.g. parachute m aterial)  is at tached 
at  the top and bot tom  by r ings sliding on a 

pipe or iron wire (sim ilar to a curtain)  and 
supported in the m iddle by two steel wires 

(Figure 80) . The cloth is m ade in separate 
pieces to fit between the posts supporting the 
polythene fram e. The insulat ion is pulled to 
the side during the day. The cloth m ust  be 

held close to the polythene so as not  to dam -
age the vegetables.

•  Cut  two pipes and two wires (or four steel 
wires) to fit between each pair of posts.
• Cut the cloth to fit the space between the 
posts with a �0 cm  overlap.
•  Make a hole every �2”  at  the top and bot tom  
of the cloth, and fix the rings (Figure 81). A 
cheaper but  less durable solut ion is to sew the 
cloth to the pipe (or wire) .
• Between each pair of posts, fit two pipes or 
lengths of steel wire at  the top ( just  below the 
m ain beam )  and the bot tom  ( just  above the 

south wall foundat ion)  of the greenhouse.
•  Fix two steel wires at  intervals between these 
as supports, the lower one at  the change of 

angle of the wall.

•  Hang the cloth(s)  inside the greenhouse 
above the m iddle wires.
•  Slide the r ings onto the top and bot tom  
pipes or wires.
•  The gaps between the separate st r ips at  the 
support ing posts can be sealed by linking the 
st r ips with but tons.

Figure 80:  Diagram  of fram ework for support ing the insu-
lat ing m aterial

Figure 8�:  At taching the cloth to the pipe (sliding device

Figure 82:  Night  insulat ion in use
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TECHNI CAL DATASHEET 1 0 : LI ST OF MATERI ALS

The tables lists as a guide all the materials needed to build Design �A. Optional components are 
shown in italics. The list can be modified to show the amounts needed to construct the other de-
signs using the information given in the design plan and the technical datasheets. The numbers of 
days of labour shown are est imates based on experience in a number of countries;  the exact t imes 
will depend on the local situat ion and the level of skill and training of those doing the work.

Materia l required
 Quant ity*  Carpenter

person days 

 Mason

person days 

 Unskilled
labour 

person days 

� Foundat ion 

Excavat ion 234 cu.ft  3 

stone 234 cu.ft  3.5 7 

2”  PCC concrete layer (M 60 kg/ cm 2, 

1: 2: 4)  (opt ional)  

21cu.ft 0.25 0.5 

-  cem ent  1.5 bags 

-  sand 8.3 cu.ft  

-  gravel 16.6 cu.ft  

2 w alls 

Const ruct ion 7.5 23 

m ud bricks (�2”  x 6”  x 6” )  (350 cu.ft )  �800 pcs. 

m ud �54 cu.ft  

st icks ø 2”, �’ long 34 pieces 

insulating material (straw, sawdust, etc)  �� bags 

seabuckthorn ( if available)  � bag 

waste planks 1’6” long, 3” wide (optional)  100 pcs. 

Finishing 600 sq.ft  5 �0 

m ud for plaster 70 cu.ft  

whitewash ( lim e)  2.75 kg 

black powder 0.3 kg

st raw glue 2.75 kg 

3 Door 2 2 

wooden t im ber 4”  x 3”  for fram e �7’ 

wooden t im ber 2”  x ��/ 2”  for door �8’ 

6m m  plywood for outside 5’2”  x 2’8”  

4m m  plywood for inside 5’2”  x 2’8”  

insulating material (straw, sawdust, etc)  0.5 bags 

hinge 4”  2 pieces 

Door Lintel 

t im ber 4”  x 3”  or beam  ø 4”  8’ 

plank �”  thick 3’6”x�’�0”  

or st icks ø 2” , 4’ long 10 pieces  

and jute bag 2 pieces  

4 w all vent ilator 0.5 0.5

wooden t im ber 4”  x 3”  for fram e 6’6”  

wooden t im ber 2”  x ��/ 2”  for shut ter 5’ 

6m m  plywood for outside �’2”  x �’4”  

4m m  plywood for inside �’2”  x �’4”  

insulat ing m aterial (st raw, sawdust , etc.) sm all qty.
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Materia l required
 Quant ity*  Carpenter

person days 

 Mason

person days 

 Unskilled
labour 

person days 

4 w all vent ilator 0.5 

hinge 2”  2 pieces 

chicken m esh �’8”  x �’6”  

5 Roof   Support  St ructure 2 8 

beam  ø 6”, 32’ (16’ or 11’)  long 2 (4/ 6)  pcs.

post  ø 6”, �0’ long 2 pieces 

post  ø 6”, 9’ long 2 pieces 

cross support  ø 6”, �2’6”  long � piece 

Roof Covering 

st icks ø �”, 6’-9”  long 200 pieces

cardboard 200 sq.ft

st raw or bushes 4 bags 

m ud 65 cu.ft  

White cloth (opt ional)  6’ wide 28’4”  

6 Roof vent ilator  ( for 2, �/ 2 amount  for �) 2 2 

wooden t im ber 4”  x 3”  28’ 

wooden t im ber 2”  x 2”  26’ 

galvanised m etal sheet  for outside (25 

gauge)  4’ x 3’ 

2 pieces 

or plywood for outside 6m m , 4’ x 3’ 2 pieces 

plywood for inside 4m m , 4’ x 3’ 2 pieces 

galvanised m etal sheet  (25 gauge)  4’x3’ 2 pieces

st raw 0.4 bags 

hinges 3”  4 pieces 

hinge 2”  ( for iron bar)  2 pieces 

iron bar 4’ long, �”  wide, �/ 4”  (5mm) thick 2 pieces 

7 Transparent  plast ic covering � � 

Support  St ructure 

pillar post  ø 4”, 5’6”  long 2 (3)  pieces 

beam  ø 4”  or 3”  x 2”, ��’ (16’)  long 3 (2)  pieces 

wooden joists ø 2”  or 3”  x 2”  or ø 4”  
bam boo, �0’ long 

5 to 7 

pieces 

iron or plast ic wire (ø 3m m ) 55 yds 

Cover 

polythene sheet  �8’ wide, UV resistant  
(0.4 m m  thick)  

32’ long 

em pty bags 20 pieces 

8 Night  insulat ion � 4 

cloth (parachute material) �6’ x �0’8” long 3 pieces 

m etal wire (ø 3m m ) �46 yds 

r ings (curtain r ings)  64 pieces 

9 Miscellaneous 

oil or varnish (2 coat ings)  35 kg 

white oil paint  for opening �5 kg 

nails 3 kg 

N.B. �”  =  � inch =  2.54 cm ;  �’ =  � foot  =  0.305m ;  � yd =  3 feet  =  0.9�5m

*  ‘Bags’ indicates a full bag/ sack of the type used to package cem ent , fert iliser, and other chem icals.
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ANNEx: DESI GN  w I TH MEASUREMENTS I N  CENTI METRES

I n the following pages, the four designs shown in Part  B are presented with the dim ensions in 
cent im et res.

Figure 83: Design 1A (cm) - Greenhouse for cold climate, flat land
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Figure 84: Design 2A (cm) - Greenhouse for very cold climate, flat land
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Figure 85: Design 3A (cm) - Greenhouse for extremely cold climate, flat land
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Figure 85: Design 4 (cm) - Greenhouse for snowy area, flat land
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LI ST OF MATERI ALS ( METRI C)

The table lists as a guide all the materials needed to build Design �A. Optional components are 
shown in italics. The list can be modified to show the amounts needed to construct the other de-
signs using the information given in the design plan and the technical datasheets. The numbers of 
days of labour shown are est imates based on experience in a number of countries;  the exact t imes 
will depend on the local situat ion and the level of skill and training of those doing the work.

Materia l required
 Quant ity*  Carpenter

person days 

 Mason

person days 

 Unskilled
labour 

person days 

� Foundat ion 

Excavat ion 7 m 3 3 

stone 7 m 3 3.5 7 

2”  PCC concrete layer (M 60 kg/ cm 2, 

1: 2: 4)  (opt ional)  

0.63 m 3 0.25 0.5 

-  cem ent  1.5 bags 

-  sand 0.25 m 3

-  gravel 0.5 m 3

2 w alls 

Const ruct ion 7.5 23 

m ud bricks (30 x �5 x �5 cm )  (�0 m 3)  �800 pcs. 

m ud 4.4 m 3

st icks ø 5 cm , 30 cm  long 34 pieces 

insulating material (straw, sawdust, etc)  �� bags 

seabuckthorn ( if available)  � bag 

waste planks 50 cm long, 7.5 cm wide (opt)  100 pcs. 

Finishing 55 m 2 5 �0 

m ud for plaster 2 m 3

whitewash ( lim e)  2.75 kg 

black powder 0.3 kg

st raw glue 2.75 kg 

3 Door 2 2 

wooden t im ber �0 x 7 cm  for fram e 5.2 m  

wooden t im ber 5 x 4 cm  for door 5.5 m  

6m m  plywood for outside �60x80 cm  

4m m  plywood for inside �60x80 cm  

insulating material (straw, sawdust, etc)  0.5 bags 

hinge �0 cm  2 pieces 

Door Lintel 

t im ber �0 x 7 cm  or beam  ø �0 cm  2 m  

plank 2.5 cm  thick �00x55 cm

or st icks ø 5 cm , 1.2 m  long 10 pieces  

and jute bag 2 pieces  

4 w all vent ilator 0.5 0.5

wooden t im ber �0 x 7 cm  for fram e �.9 m

wooden t im ber 5 x 4 cm   for shut ter �.65 m

6m m  plywood for outside 35 x 40 cm  

4m m  plywood for inside 35 x 40 cm  

insulat ing m aterial (st raw, sawdust , etc.) sm all qty.
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Materia l required
 Quant ity*  Carpenter

person days 

 Mason

person days 

 Unskilled
labour 

person days 

4 w all vent ilator 

hinge 5 cm 2 pieces 

chicken m esh 50 x 45 cm

5 Roof   Support  St ructure 2 8 

beam  ø �5 cm , �0 m  (5 or 3.3 m )  long 2 (4/ 6)  pcs.

post  ø �5 cm , 3 m  long 2 pieces 

post  ø �5 cm , 2.7 m  long 2 pieces 

cross support  ø �5 cm , 3.8 m  long � piece 

Roof Covering 

st icks ø 5 cm , 2.05 m  long 200 pieces

cardboard �9 m 2

st raw or bushes 4 bags 

m ud �.9 m 3

White cloth (opt ional)  1.8 m  wide 8.8 m

6 Roof vent ilator  ( for 2, �/ 2 amount  for �) 2 2 

wooden t im ber �0 x 7 cm  8.8 m

wooden t im ber 5 x 5 cm  8.8 m

galvanised m etal sheet  for outside (25 
gauge)  �20 x 90 cm  

2 pieces 

or plywood for outside 6m m , 120x90 cm 2 pieces 

plywood for inside 4m m , �20 x 90 cm 2 pieces 

galvanised m etal sheet  (25 gauge)  

120x90 cm

2 pieces

st raw 0.4 bags 

hinges 7.5 cm 4 pieces 

hinge 5 cm  ( for iron bar)  2 pieces 

iron bar �0cm long, 2.5cm wide, 5mm thick 2 pieces 

7 Transparent  plast ic covering � � 

Support  St ructure 

pillar post  ø �0 cm , �.7 m  long 2 (3)  pieces 

beam  ø �0cm  or 7x5cm , 3.3 m  (5m )  long 3 (2)  pieces 

wooden joists ø 5 cm  or 5 x 4 cm  or ø �0 

cm  bam boo, 3 m  long 

5 to 7 

pieces 

iron or plast ic wire (ø 3m m ) 55 m  

Cover 

polythene sheet  6 m  wide, UV resistant  
(0.4 m m  thick)  

�0 m

em pty bags 20 pieces 

8 Night  insulat ion � 4 

cloth (parachute material) 4.9 x 3.5 m  3 pieces 

m etal wire (ø 3m m ) �46 m  

r ings (curtain r ings)  64 pieces 

9 Miscellaneous 

oil or varnish (2 coat ings)  35 kg 

white oil paint  for opening �5 kg 

nails 3 kg 

*  ‘Bags’ indicates a full bag/ sack of the type used to package cem ent , fert iliser, and other chem icals.
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