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INTRODUCTION – LADAKH
Sometimes known as ‘Little Tiber’, Ladakh is 
an ancient kingdom located high in the Indian 
Himalayas, close to Tibet’s western border. This 
remote high altitude desert (3500m above sea 
level) is an environment of extremes, surrounded 
by the magnificent mountain ranges of the Great 
Himalayas and the Karakoram (reaching over 
8800m) and cut off by snow for around six months 
of the year, with winter temperatures dropping as 
low as -30ºC. In the summer, temperatures rise to 
up to 40ºC due to the intense solar radiation, and 
the snowmelt brings the rich fertile valleys alive. 
There is minimal precipitation all year round; 
the little water available for use comes from the 
snowmelt of the glaciers that is collected by the 
River Indus.

Ladakh is one of the few remaining 
mountain societies where a traditional Tibetan 
Buddhist way of life is practised. It is a remote 
community, isolated during the winter due to 
the closing of the only road that connects it 
with the other Indian states. Nevertheless it is 
a community under an immense pressure to 
change, principally due to rapid social changes, 
to the impact of ‘Western lifestyles’ especially 
on younger generations, tourism, technology, 
and overall associated with being part of modern 
and fast-changing India.

BACKGROUND TO THE SCHOOL 
PROJECT
Local communities, committed to having their 
children educated in their own language and 
culture, requested help from their spiritual leader, 
His Holiness the 12th Gyalwang Drukpa.

In 1992 the Drukpa Trust was formed and 
registered as a charity in England. His Holiness 
the 14th Dalai Lama is the patron. The aim of 
the Drukpa Trust is to raise funds to design and 
build a new school and with the donation of the 
land by the villagers of Shey, the construction of 
a school started, the Druk White Lotus School, a 
model for appropriate sustainable education and 
development. 

Since 1995 a team of architects and 
engineers from Arup and Arup Associates has 
worked on the project on a mostly voluntary 
basis and is responsible for the masterplan, 
concept and detailed design for the whole 
school complex. The plan for the school 
includes a phased building programme for 
about 800 students, including 200 residential 
students from remote areas, ranging in age 
from 3 to 18 years. Designed to provide 
education from kindergarten and nursery 
through to secondary education and vocational 
training, it includes a range of facilities including 
classrooms, workshops, computer facilities, 
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FIGURE 1 Ladakh, a high altitude desert 

FIGURE 2 Ladakh, a high altitude desert 

© Arup Associates

FIGURE 3 Ladakh; traditional villages are still closely 

linked to monasteries and a rural economy

© Christian Richters
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science laboratories and studios, a library, sports 
facilities, residential accommodation, dining hall 
and support facilities.

In 2001 the nursery and infant block was 
completed, followed by the phased construction 
of more school buildings and residential 
accommodation. The idea behind the phased 
construction has to do with the difficulties of 
building in such an extreme environment, and also 
to allow the school to grow, almost organically, to 
accommodate the growing students’ population. 
Currently about 60% of all planned buildings has 
been completed. 

DESIGN PHILOSOPHY: WHY IS IT AN 
INTELLIGENT BUILDING?
The Druk White Lotus School is conceived as 
an entirely sustainable project. This includes 
the architectural and engineering design, 
as well as the construction, operation and 
educational mission of the school – all of 
which aspire to a modern education in 
harmony with local traditions, culture and 
religion. The ecological context is fragile, so 

the site strategy aims to ensure a completely 
self-regulating system of water, energy and 
waste management.

The application of Arup’s engineering skills 
and Arup Associates’ architectural expertise in 
sustainability has been intentionally directed to an 
innovative ‘clever low-tech’ design approach. The 
design team strongly believed that building in a 

FIGURE 4 Opening ceremony of the first school block in 2001. View of the internal courtyard and the north building 

of the primary school © Caroline Sohie

FIGURE 5 Local stone and timber building, with fully 

glazed south-facing façade for passive solar heating 

© Christian Richters
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context like Ladakh would need to be responsive 
to that particular extraordinary environment; 
buildings would need to be designed as 
intuitive and easy to operate; the site would 
use the available resources in a sustainable 
and appropriate way; the overall design would 
support the teaching and learning activities 
by providing simple, flexible and comfortable 
spaces that celebrate local culture and skills. This 
was in clear contrast with the high-tech approach 
often adopted in the area in the recent years, 
especially by foreign firms, which has generated 
buildings that are difficult to use and require 
vast skilled maintenance, with the consequence 
that in time, those buildings stopped working 
and their performance decayed rapidly. Arup’s 
team believed that innovation was not in loading 
the buildings with technology and mechanical 
systems, but in developing simple passive 
systems that could be easily communicated to 
the end-users and intuitively operated.

The design and construction of the school 
buildings is greatly reliant on local tradition. The 
UK design team went through a challenging 
learning process to appreciate local materials 
and construction methods, and to adopt them 
innovatively into the building design. Strategies 
included:

� using locally available materials, which have 
the least impact on the environment

� exploiting natural ventilation and passive solar 
heating 

� minimizing energy use and emissions 
� minimizing water use 
� refining and adapting traditional techniques to 

provide modern solutions.

In terms of technical input, Arup has developed 
and uses powerful software tools that allow 
accurate analysis of issues such as the design 
of passive solar systems, the feasibility of using 
wool or paper as insulating material, ventilation, 
daylight or the use of double glazing. In addition 
the team had access to the firm’s broader 
experience in seismic design and appropriate 
design for developing countries.

The very different cultural backgrounds that 
separate designers working in London, Tokyo, 
New York and Ladakh, particularly with regard 
to local perceptions of appropriateness and 
feasibility, has always been a key challenge. 
For example, infrastructure and services are 
generally not seen as important in Ladakh, 
as local buildings rarely have running water 
or a reliable power supply. At the same time, 
the design teams had to recognize different 
expectations with regard to completeness and 
finish, as well as the operation and level of 
maintenance of the buildings. 

This process of assimilation and adjustment 
was not always easy. It involved continuous 
simplification of construction details and 
operational elements; the preparation of clear 
operational manuals and, most importantly, 
working closely with the site and local school 
teams. Training teachers and students is playing 
a crucial role in securing the correct operation of 
the buildings, and ultimately, in the success of 
the school.

MASTERPLAN
The school is in the village of Shey, 15km from 
the main town Leh, close to the river Indus and 
its surrounding irrigated fields, and on a gently 
south-sloping desert site surrounded by two 
important monasteries.

The masterplan can be divided into four 
main areas: the first, the site entrance, caretaker 
house, visitor centre and bus drop-off from the 
road to the south, gives pedestrian access to 
the second, the daytime teaching areas, and the 
third, the residential spine rising to the north. 
The fourth area, comprising the water and 
energy infrastructure and the sports facilities, 
is located separately alongside a service track 
to the west.

The plan for the school buildings is based on 
the traditional nine-square grid of the mandala, 
a symbolic figure of particular significance in 
Buddhist philosophy, surrounded by a series of 
concentric circles, formed by low walls, stupas 
and willow trees. At the heart of the mandala, the 
circular library building forms the centre of the 
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plan and offers an open air temple and assembly 
space.

The masterplan takes maximum advantage 
of the site with the primarily one-storey 
buildings orientated differently according to 
their function. The mandala is oriented 30º 
towards the south-east so that all buildings 
within it can gain maximum benefit from the 
morning sun, which at this altitude is abundant 
even in the coldest winters. Direct sunlight 
can in fact reach 1000W/m2 at 9 am on a clear 
December day!

The plan for the residences is oriented along 
a north–south axis, with all residential buildings 
facing south, thus exploiting the beneficial solar 
radiation throughout the day.

MATERIALS AND RESOURCES
The construction materials – stone, mud mortar, 
mud bricks, timber and grass – are mostly 
indigenous to Ladakh, with careful auditing of 
the sustainable resource supply. The stone for 
the walls is actually found on the site and the 
mud for mortar, bricks and roofing is excavated 
nearby. Timber is grown locally wherever 
possible: poplar and willow used are provided 
from nearby monastery plantations and local 

FIGURE 6 Model of the masterplan. The school buildings 

are arranged within the rotated square of the mandala, while 

the residential spine unfolds along the north–south axis 

© Arup Associates

FIGURE 7 Local materials are used: stone, mud mortar, mud bricks, timber and grass. The project seeks to reinterpret 

and celebrate local construction techniques and traditional architectural details 

© Arup Associates, Caroline Sohie, Francesca Galeazzi
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producers. Ladakh lacks the natural resources 
required for more complex construction, so 
glass, structural timber, cement and steel have to 
be bought from outside the local community and 
delivered from other parts of Kashmir or India. 
Generally, the use of imported products has been 
radically minimized. 

This contrasts with the trend amongst local 
architects and engineers to design new buildings 
in steel and concrete, an approach often wrongly 
perceived as ‘better’, because it is identified 
with a Western modernity. These buildings are 
often poorly designed and constructed, with 
the result that they deteriorate more rapidly. 
Imported materials have a far higher embodied 
energy than the traditional stone, mud and 
timber construction, which has proved itself 
successful over time. 

Furthermore, the project seeks to include 
and celebrate the use of local expertise in 
craftsmanship, traditional construction skills 
and the symbolic aspects of the architecture, 
reinterpreting local traditional techniques with a 
contemporary pioneering and sensitive approach 
in all aspects of the design. For example, the 
solid granite walls used for all wall structure 

are formed and finished by skilled masons from 
stone from the surrounding boulder field, the use 
of valuable soil is kept to a minimum, being either 
laid on the traditional mud and grass roof over 
timber rafters or used to form the internal leaves 
of cavity walls. Overall the architecture points 
towards a contemporary sustainable vernacular 
for the region.

ENVIRONMENTAL DESIGN 
SCHOOL BUILDINGS
School buildings consist of a series of classrooms 
and staff offices grouped in two parallel 
buildings planned around an open courtyard, 
which provides play areas and additional secure 
outdoor teaching spaces.

The buildings, appositely separated to avoid 
overshadowing, take maximum advantage of 
the unique solar potential of the high altitude 
location by using glazed south-facing facades to 
gather the sun’s energy, and high thermal inertia 
walls to store the gained heat.

On winter mornings the daytime teaching 
areas are quickly heated up by means of 
combining optimal 30° south-east orientation 
with fully glazed solar caption facades. 

FIGURE 8 Plan of the school courtyards on the sides of the entrance and admin courtyard. All school buildings are 

arranged around a landscaped courtyard that serves as informal teaching space and breakout/play area 

© Arup Associates
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FIGURE 9 The school buildings are designed to gain maximum solar heat through the fully glazed south-facing facades 

and to provide high quality comfortable open spaces that can be flexibly used © Caroline Sohie

FIGURE 10 Primary school: large clear spans have been created by using timber portal frames, which are earthquake 

resistant © Caroline Sohie
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FIGURE 11 In the junior school, a knee-brace solution has been introduced in the structural frame to reduce the amount of 

timber used © Christian Richters

In summer, operable windows and roof lights 
allow cross-ventilation for cooling and fresh air. 

All classrooms are entered from the courtyard 
via a lobby, which provides a thermal buffer. Each 
classroom has a quiet warm corner, with a small 
stove on a concrete floor that is only used on 
days of extreme cold weather. Timber floors 
elsewhere and white-painted mud rendered walls 
are provided for maximum teaching flexibility in 
clear, uncluttered spaces.

RESIDENTIAL BUILDINGS
Residential accommodation for boarding pupils is 
an important part of the overall plan for the school, 
catering for children from remote communities 
that would otherwise have very limited access to 
education. Similarly to the school buildings, the 
arrangement of the residential blocks is planned 
around a landscaped courtyard, which offers 

FIGURE 12 The residences are organized around a 

landscaped courtyard and face due south. Trombe walls 

provide passive solar heating to the spaces throughout the 

day, maintaining comfortable internal conditions 

© Arup Associates
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play areas and the possibility to grow their own 
food and vegetables to the little residents as part 
of their education programme. Each of the two 
buildings has shower rooms and a lounge. Sited 
as so to step towards south, the zoning of rooms 
within each of the blocks has been organized to 

provide good views out and cross-ventilation for 
each room, while at the same time maintaining 
privacy.

The residential buildings for boarding pupils 
are predominantly inhabited at night. 

They make use of Trombe walls for passive 
solar heating and are oriented due south. The 
thick walls that form the Trombe system are 
coated externally with dark heat-absorbing 
material and are faced with a double layer of 
glass, separated by 150mm to create a small 
air-space. Heat from sunlight passing through 
the glass is absorbed by the dark surface, 
stored in the wall, and conducted slowly inward 
through the masonry. Adjustable openings on 
the top and bottom of the thermal storage wall 
allow heat transfer from the heated air cavity to 
the room inside. This increases the efficiency 
of the system and ensures that the rooms are 
constantly kept at comfort conditions for the 
young occupants. Thick stone walls on the three 
sides of the block act as thermal storage for the 
heat gained through the Trombe wall, keeping 

FIGURE 13 Internal view of a residential building. The 

back wall shows the ventilation dampers of the Trombe wall 

system in open position during winter 

© Arup Associates

FIGURE 14 Temperature monitoring: graph showing the performance of two different passive solar heating solutions in the 

school buildings and in the residences, when late winter temperatures drop to below zero at night-time 

© Arup Associates
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the internal conditions almost stable, even when 
outdoor temperatures drop to below zero.

Monitoring of the thermal performance of the 
Trombe wall solution has revealed that indoor 
comfortable temperatures can be maintained 
during winter, without the need for additional 
heating.

In summer the Trombe walls are shaded 
and ventilated to prevent overheating, while 
the operable windows allow cross-ventilation, 
cooling and fresh air.

In all buildings occupants can control glare 
with internal light curtains and can use heavy 
internal curtains to reduce unwanted heat losses 
from windows during night-time.

STRUCTURAL DESIGN
Durability, flexibility and earthquake soundness 
are central aspects that govern structural design 
in this highly seismic zone. Ladakh is classified 

in seismic zone IV, the second highest category 
of the Indian Building Code. Although there 
have been no major earthquakes in the area in 
recent times, Ladakh has frequent tremors. The 
disasters caused by the Gujarat (2001) and the 
Pakistan (2005) earthquakes showed the lack of 
well-engineered earthquake-resistant buildings 
in India and Pakistan and the devastation that 
can result, so that a strong seismic strategy was 
developed for the Druk White Lotus School. 

The building structures use timber frames to 
resist the seismic loads and ensure life safety in 
the event of an earthquake. Traditional Ladakhi 
buildings are not engineered for seismic design, 
but with the application of some simple structural 
principles and details a huge improvement in 
earthquake safety can be achieved. One of the 
aims of the project is to act as an educational tool 
in the appropriate application of seismic design 
to traditional construction techniques, thus all 

FIGURE 15 The structural stability and earthquake design have been analysed with the GSA software. The solutions adopted had to 

be easy to communicate to the local construction team of carpenters and be built using hand tools and simple dry techniques

© Arup Associates
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structural solutions such as steel plates for the 
beam-column connection and cross bracings 
cables are exposed, revealing the simple yet 
effective solutions adopted.

All buildings have cavity walls on three sides. 
Granite blocks set in mud mortar are used 
for the outer leaf, while traditional mud-brick 
masonry is used for the inner leaf. This gives 
increased thermal performance and durability in 
comparison to the local rendered mud-brick walls. 
The Ladakhi-style heavy mud and straw roof is 
used and is supported by a timber structure that 
is independent of the walls. Steel connections 
and cross bracings provide earthquake stability.

Despite the complexity of the structural 
analysis, the design has been translated into 
simple solutions that have been easily understood 
by the local craftsmen and constructed within 
the constraints given by local materials and 
techniques.

WATER AND SANITATION 
Water is a scarce resource in Ladakh. Water for 
irrigation comes from the snowmelt, which is 

FIGURE 16 Ventilated Improved Pit (VIP) latrines provide 

a safe and hygienic improvement upon the traditional 

Ladakhi latrines, by the introduction of a solar flue that 

eliminates fly problems and odours 

© Caroline Sohie

FIGURE 17 Ventilated Improved Pit (VIP) latrines: working principle of the solar flue and composting pits

© Arup Associates
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then used in a complex network of shared open 
channels in the intensely cultivated fields along 
the River Indus. To perturb the fragile water 
balance, the planned hydro-electric energy plant 
on the River Indus might impose a ban on water 
abstraction from the river, with the result that 
more households will revert to groundwater 
abstraction. This will have reverse effects in 
time, by reducing the capacity of the aquifer 
and having direct effects on the capacity of 
groundwater supply of the school too. 

In fact the water cycle of the site relies on 
a solar-powered pump that delivers potable 
groundwater by gravity feed to a site that would 
otherwise be desert. When the pump is not in 
operation the solar panels charge batteries. The 
electricity generated can be used for lighting or 
small power supply to the school buildings. 

The anticipated water demand of 60 litres per 
day per resident and 10 litres per day per student 
is comparably high by local standards, but is 
seen as a key aspect of the hygiene promotion 
programme that forms an important part of the 
education.

Key to the public health strategy for the 
school, traditional dry latrines have been adopted 
and enhanced to VIP (Ventilated Improved Pit) 
latrines. These eliminate fly and odour problems 

but do not require water. A double chamber 
system with an integrated solar-driven flue 
allows their operation as composting toilets and 
produces humus that can be used as fertilizer. 
The solar flue is constructed as a chimney with 
a large south-facing metal sheet painted in a 
dark colour. The intense solar radiation induces 
the air cavity behind the metal sheet to warm 
up and subsequently rise upwards for buoyancy. 
This induces a continuous air circulation from 
the toilet into the pit and through the solar 
flue, which keeps the toilet well ventilated and 
healthier.

Wastewater from domestic uses is infiltrated 
via underground slotted pipes and a traditional 
open channel system along tree lines that shade 
and green the otherwise bleak high mountain 
desert environment. A second solar-powered 
pump uses a gravity supply to provide additional 
irrigation water to the whole site and to the 
vegetable gardens. These are aimed at varying 
the diet and teaching agricultural skills to the 
pupils.

WASTE
In Ladakh everything is typically re-used. The 
population has for centuries survived by using 
Ladakh’s natural resources carefully, without 
abusing them. For example, despite the long 
frosty winters, the scarce trees – apricot, willow 
and poplar – are not used for fuel. Rather they 
are carefully tended and their wood used only 
for construction or for tools. Dried animal dung is 
used for fuel and human waste as fertilizer: every 
house has a composting toilet and all ‘waste’ is 
recycled. 

In the recent years, though, Ladakh has 
experienced the importing of packaged goods 
from India, such as plastic bottles and food 
wrapping. This has generated the escalating 
issue of how to dispose of this waste, given that 
there are no recycling facilities in the region. The 
result is that most plastic is currently buried or 
burnt, giving rise to a new phenomenon for the 
Ladakhis: pollution! A ban on plastic bags exists 
but it is not sufficient to alleviate the worsening 
waste situation.

FIGURE 18 Ventilated Improved Pit (VIP) latrines: CFD 

analysis of ventilation performance of the solar flue

© Arup Associates
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Within this context the school seeks to 
reduce all waste produced, separating all waste 
streams, re-using waste materials where possible 
and only then send them to a local landfill. 
Plastic residue is buried in a nearby location that 
can be excavated in future, when a recycling 
facility is available in Ladakh. All organic waste 
is composted and wastewater from the food 
preparation in the kitchen feeds a reed bed 
system. Glass is re-used and paper waste is 
mixed in the composting.

ELECTRICAL POWER
Electricity in Ladakh is scarce and extremely 
unreliable. In the capital, Leh, a large diesel 
generator provides the homes with electricity at 
night, when the grid becomes unavailable. But 
in the villages, and at the school, power can be 
absent even for weeks.

A large hydro-electric plant is in construction 
in the area, by diverting the River Indus, but the 
works, planned to be completed years ago, have 
not advanced as thought and there is no certain 
date for the completion of the project.

This has led the team to come up with an 
alternative for the site: a phased photovoltaic 
installation that, when complete, will create a 
stand-alone local electricity grid to serve the 
electrical load for the full site.

The system is modular, with PV cells and 
inverter systems being installed within each 
building and connected into the site electrical 
supply. A modular battery system is being 
included, which will provide power in the hours 
of darkness. Future buildings will be fitted out 
with PV systems and integrated into the site grid 
as the school grows and funds become available. 
Additional battery capacity will also be added in 
the future, to support increasing site loads as the 
school develops.

The first stage of the installation will 
take place in summer 2008 and will include 
54 monocrystaline solar panels, each rated 
at 170W peak power. These will be spread 
across three buildings, each with its own local 
inverter.

The full scheme will include 270 solar panels 
and an expanded battery system to provide full 
autonomy to the school.

The first phase of the PV installation has been 
donated by Arup Associates as a way to directly 
offset the carbon emissions generated by the 
business operation of the firm, by providing 
green power to the school.

At Arup Associates we have concerns over 
third-party offset, because of the lack of control 
and transparency over the carbon credit projects 
and their effective additionality. Instead, with 
this direct offset Arup Associates can monitor 
and have full control on the carbon reductions 
achieved on the site, confidently become carbon 
neutral and can link the practice even more closer 

FIGURE 19 Photovoltaic panels power the water supply 

system and provide the site with electricity for lights and 

computers © Arup Associates
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with the local Ladakhi community in a long-
term engagement of exemplary environmental 
awareness.

NEXT STEPS: THE LIBRARY
Whilst the normal construction of school 
buildings, labs and residences continues, funds 
are being raised for an exceptional building to be 
built at the core of the mandala: the library and 
assembly courtyard. 

Eight exhibition and archive rooms face a 
circular central courtyard – modelled on the 
Buddhist symbol of the dharma wheel, which 
represents the ’unity of all things‘ – while a 
balcony offers access to the library.

The traditional mud roof helps with insulation 
and acoustics, while timber panelling and glazing 
provide a contrast with the granite walls that 
encircle the courtyard. High quality internal spaces 

and uniform daylight will be provided by the 
careful design of a fully glazed north-facing façade 
while the south-facing half of the circular building 

Photovoltaic panels facing south to

provide electricity for cc lights and 

computers.

Traditional Ladakhi mud roof for high

thermal and acoustic performance.

First floor:  

The elevated timber structure 

incorporates the library, books

consultation space, a quiet area, a

computer area and a large sheltered

balcony for views of the school complex

and the valley.

Ground floor:  

8 granite stone rooms define the circular

shape of e the courtyard and of the library

building. These contain the school

archives and exhibition spad ces.

Central courtyard is designed as a space

for teaching and performance and can

accommodate market stalls on school

p yopen days.

FIGURE 21 Exploded view of the new library building under construction © Arup Associates

FIGURE 20 Visualization of the new library building: 

when complete it will become the heart of the masterplan

© Arup Associates
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will become an open shaded balcony for social 
interaction and informal learning. Photovoltaic 
panels installed on the rooftop will provide 
electrical power for lights and computers. 

CONCLUSIONS
This project clearly demonstrates the value 
of progressive and sustained international 
collaboration and can be described as an 
example of how design can both symbolically 
and physically support a cause and maintain local 
traditions and culture, through a contemporary 
sensitive approach to design and resources. 

The Arup approach has willingly avoided both 
the widespread internationalism of architecture 
and the praxis of mimicking local vernacular 
styles.

The design team has engaged in a long-term 
journey of partnership and exchange with the 
local community, both at technical and at cultural 
level, with an attitude open to learning from local 
experience and skills to lift both aspirations and 
expertise.

The typical attitude shown by ‘Western 
designers’ of imposing their designs and 
technological solutions, especially in developing 
countries and isolated communities, has 
always proven wrong and ineffective in time. 
Instead this project wants to demonstrate that 
intelligent buildings are those that learn from 
the skills and knowledge developed in centuries 
in a particular community; intelligent buildings 
should be the product of culture, climate and 
resources, reinterpreting these in a responsive 
and appropriate way, bringing innovation and 
improvement without depriving the design of its 
indigenous roots.

The Druk White Lotus School has become 
for the team a canvas for innovation and cultural 
understanding and has allowed Arup Associates 
to embark on a journey that goes well beyond 
the simple design and construction of a school 
campus, by supporting the vocational programme 
of the school and by directly offsetting the 
business carbon emissions of the practice with 
an important renewable energy investment.

FIGURE 22 Young students at the opening ceremony in 2001 © Caroline Sohie
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