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FOREWORD

Food security remains the major preoccupation of mountain communities in many parts of Asia,
especially in the higher altitude and more remote parts of the Hindu Kush-Himalayan region. The
climate in this region of the trans-Himalayas is very harsh: winter temperatures can fall below -30°C, and
precipitation is low. The natural resources are limited, and farmers rely on sheep, goats, cattle and yak
as their main source of survival, with limited subsistence agriculture on very small landholdings focused
mainly on cereals. In the winter, snowfall blocks the high passes and roads are closed, and the
population must rely almost entirely on its own resources for survival.

Mountain communities have survived for centuries in this environment, but population increases,
environmental pressure, and political changes and limitations to movement are increasing the
challenge. At the same time, expectations and demands are increasing, as contact with the outside
world and more widespread education raise people's awareness of the possibilities and potential
benefits elsewhere. The result is increased out-migration, especially of the young and strong; reduced
capacity of those left behind to use the land; loss of community, culture, and the indigenous 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 rootless.

The Renewable Energy and Environment Group GERES, supported by its partners in development
(European Commission, French Ministry of Foreign Affairs, and others) works with mountain
communities to help them establish tools and processes that strengthen and develop local potentials,
improve livelihoods, and provide people with better options for remaining in their home areas. Many
innovative tools have been developed, improved, and adapted for local use. GERES, working with Indian,
Chinese, Nepalese, and Afghan NGOs, has focused on technologies for saving energy (passive solar
buildings and improved stoves to reduce consumption of wood and other fuels), and generating income
(solar greenhouses, solar poultry farming, processing of food and wool).

One of the major challenges is to help communities use the inactive winter period to increase food
security and generate additional income. Fortunately, one resource that the trans-Himalayan area has in
abundance is sunshine, especially in winter. Solar radiation can be used to improve the quality of life in
many ways. Potential benefits include warming houses, schools, dispensaries and handicraft centres,
and developing off-season agricultural activities such as composting, greenhouse production, and
poultry farming. This manual focuses on the construction of passive solar greenhouses that enable
vegetables to be grown during winter in the high altitude areas of the trans-Himalayas.

The International Centre for Integrated Mountain Development (ICIMOD) works to improve the
livelihoods and security of the mountain communities of the Hindu Kush-Himalayas (HKH). Improving
the productivity and sustainability of mountain agriculture, reducing fuel consumption, and reducing
environmental damage are central to its activities. As a part of its programme, ICIMOD has had a major
focus on rural technologies and alternative energy approaches, including hosting a series of national
workshops on passive solar building technologies in four of the countries of the HKH. The new
Integrated Programme on Agriculture and Rural Income Diversification (ARID) focuses on high value
products, rural enterprises, and renewable energy options, among others. Thus ICIMOD is delighted to
have had this opportunity to support GERES in the development of this manual on solar greenhouse
technology, and to be able to make this information available to a wider community.

GERES and ICIMOD both hope that this manual will prove useful to the many NGOs and other technical
organisations who are working with communities and farmers in the HKH region to improve living
standards and conditions, and ultimately that increased access to winter vegetables and exotic summer
produce will improve the quality of life and income generation opportunities of many of the small
farmers in some of the most marginalised areas of the Hindu Kush-Himalayas.

Alain Guinebault J. Gabriel Campbell
Director Director General
GERES ICIMOD
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1 1ft =1 foot=0.3048 m
1" 1inch = 2.54 cm

1cm 1 centimetre

Tm 1 metre = 100 cm

°C Degree Celsius

[} diameter



Contents

Introduction

Background ... e 3
What iS @ GrEENNOUSE? ... ei ettt ettt et e et e e e et e e e ettt e e e ettt e e e et e e e ettt e e e anteeeeanaeeeeenees 4
Solar Greenhouses for the Trans-HIiMalayas .........c.cooiiiiiiiiiiiiii e 4

Part A: Theory of Passive Solar Greenhouses
for Cold Areas

The Passive Solar Greenhouse Concept .......ccuceiiiiiiiiiiiiiiiiieercee e e 9
Collection and Storage of RAIGtION .......couiiiiiiiiii ittt 9
Storage, Release and Containment of Heat: the Thermal Properties of Materials ............ccccooovvvieennnen. 10

Principles of Solar Greenhouse Design ...........oiiiiiiiimiiiiieie e ee e e 11
Collection of Solar RAJIATION .......eiiiieiiieii ittt 12
Thermal Storage and INSUIALION ..........iiiiiiii e 12
VBNEIAEION ..ttt ettt ettt e et e e et e et e e 14

Principles of Site Selection ..o 14
Characteristics of @ Suitable LOCAtION .....couiiiiiiiiicii e 14
Site Characteristics that Affect the DeSIgN .......coviiiiiiii e 15
SelECtiNg the BeST SItE .o.viiiiiiii i 16

Selecting the Most Appropriate Design .........ceuueiiiiiiiiiieiiieeee e 17

Bibliography .....oocoeeiiiii e e 18

Part B: Technical Guidelines for Building a

Greenhouse
Building @ GreenhouUSEe .........cooiiiiiiiie e e e 21
BasiC DeSIgNS ...iiiieiiiiiiei et e e e ere 21
1T 1o o PRSP RRR 21
DT 1o o PRSP RRP 25
DT To [ T PR SRR 29
DT 1o o PRSP SRR 33
The Construction Schedule ..........cou i 35
Before CONSIIUCTION ......oiiiiiiiie et e e e e e e e 35

THE CONSTIUCTION ...t 35



Technical Datasheet 1: Constructing the Foundation ..., 37

T aToT o L= PR ERPPPRRR 37
MeEthods fOr OFIENTATION ......iiiiie ettt ettt ettt e e ans 37
Preparing and Marking the GroUNG ..........ooiiiiiiii e 39
Constructing the FOUNGAtION .........iiiiiii e 40
Preparing the Floor of the Gre@NNOUSE ..........coiiiiiiiiiii e 40
Technical Datasheet 2: Building the Walls ..........coooiimiiiiiiei e, 41
T aTorT o = U UPPRRR 41
Outlining the Shape / Setting the Angles of the Walls ..o 41
ConStruCtiNg the WAl ..ottt ettt 42
Filling the INSUlating Layer ........oii et 43
FINIShING the WalS .....ciiii ettt 43
ALEINALIVES ..ttt e e 44
Technical Datasheet 3: Building the Partition Walls ...........coooriiiiiiiiiiieee. 45
T aToT o = U UPPRRR 45
PrOCEAUIE ..ottt ettt n ettt 45
Technical Datasheet 4: Making and Installing the Access Door ..........ccocevuiiiirnnnnnn. 47
g TaToT o = PR SRUPPRRR 47
(O 4o =Y YRS PPR 47
Masonry — INStalling the DIOOK ........uiiiiiiii e 48
Technical Datasheet 5: Making and Installing the Wall Ventilator ...........cc....ccce...... 49
T aToT o L= PR ERPPPRRR 49
O 4o =Y Y PRSP TPR 49
IVIBSONIY ettt e ettt 50
Technical Datasheet 6: Constructing the Roof ... 51
Masonry and ROOF SUPPOITS .....eiiiiiiiieeitiie ettt ettt e e et e e sttt e e et eeeneeeeennneees 51
Constructing the ROOT .. ..ottt 53
Technical Datasheet 7: Making and Installing the Roof Ventilator............cccceeeeee.... 55
T aToT o L= PR ERPPPRRR 55
O 4o =Y Y PRSP TPR 56
INSTAIIAEION .ttt 57
Technical Datasheet 8: Installing the Polythene Sheet ............ccoomimiiiiiiiiiiiee. 59
g TaTorT o = U ERUPPRRR 59
Constructing the SUPPOIrt SEIUCLUIE .....iiiiiiiiie ettt e e e e e e enaeeeeenees 59
Attaching the Polythene ShEET .......cc.i i e 61
Technical Datasheet 9: Installing Night Insulation ..., 63
T aToT o L= PR ERPPPRRR 63
(@773 11 (U o] 4o TSROSO 63
Technical Datasheet 10: List of Materials ...........ooiiiiiiimii e 65
Annex: Design with Measurements in Centimetres............ccooviiiiiiiiiiienieeeceeee. 67

IRy Ao ) LY, N =Y o =1 £ T 71





