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A new educational initiative is being 
constructed in a small community on 
the northern border of India.  It has been 
developed with a team of professionals 
and enthusiasts from around the world.   
Philip Cornwell, Project Director of 
the Drukpa Trust, and Sonam Angdus, 
Construction Manager of the Druk Padma 
Karpo Education Society, write about the 
engineering behind the award-winning 
Himalayan school project.

The idea for the Druk White 
Lotus School came in 1992 as 
a result of a request by local 
villagers in Ladakh to their 
spiritual leader, His Holiness 
Gyalwang Drukpa, to provide 
good education for their 
children.  Ladakh, in northern 
India, had been close to the 
historic Silk Route (see map 
overleaf ) but, following the 
closing of the borders with 
Pakistan and Tibet, the area had 
become more isolated.  At that 
time, there were insufficient 
government school places and 
educational standards were 
relatively low.  His Holiness asked 
some of his UK students to take 
on the school project.  Rather 
than construct poor quality 
reinforced concrete buildings 
to house poor standard 
education, it was decided to 
create something exceptional 
as a model for appropriate 
modernisation in the region.  
The Druk White Lotus School 
seeks to give young Ladakhis 
the confidence and competence 
to succeed in the modern 
world, together with a sound 
grounding in Ladakhi language, 
culture and traditions.

The UK students set up 
Drukpa Trust, a registered charity, 
to create and deliver the project. 

The Trust appointed two young 
architects to develop ideas 
with educational specialists 
and to create a master plan for 
a new educational community 
in Ladakh.  The master plan 
was drawn up in the form of 
a traditional ‘mandala’ which 
has spiritual significance in the 
Tibetan Buddhist tradition. 

The two architects set about 
transforming the dream into 
reality.  They were soon joined 
by a local construction manager 
and then a design team from 
both Arup and its advanced 
design practice, Arup Associates, 
who empoyed one of the young 
architects.  Both organisations 
provided a wide range of 
professional inputs largely on 
a pro bono basis. This unique 
project has benefited from 
young professional volunteers 
from around the world who have 
given their time and talents to 
the project over the last decade 
(see box titled Young Engineers). 

The team drew heavily 
on the design features and 
construction methods used in 
Ladakh’s numerous monasteries, 
many of which have stood for 
hundreds of years.  The aim was 
to provide an entirely sustainable 
project. The ecological setting 
of the area is fragile, and the The opening of the Nursery and Infant Courtyard © Roland Reinardy
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site strategy aimed to ensure 
a completely self-regulatory 
system of water, energy and 
waste management.

Construction of the school 
started in 1998 and the nursery 
and infant courtyard opened in 
2001 with 88 children.  The Shey 
campus currently serves 555 
students, including 200 residential 
students from remote areas.  
In April 2010, a branch school 
opened in Khachey, a seven hour 
drive down the Indus Valley.

PLAN PREPARED
The master plan was developed 
to take account of extreme 
climatic conditions that prevail 
in the area. Temperatures range 
from +30 °C in summer to 
-30 °C in winter at an altitude of 
3,500 metres above sea level.  
Rainfall is low and communities 
depend on snow melt water 
for irrigation and personal use.  
The road linking Ladakh with the 
Indian plains is cut off by snow 
for about six months each year, 
although air links between Delhi 

and Leh operate most of the year.  
The area presents an abundance 
of engineering and design 
challenges which include limited 
water supply, a lack of reliable 
mains electricity and a restricted 
construction season.  In addition, 
it does offer building designers 
some interesting features 
such as abundant sunshine 
through most of the year and 
huge granite mountains. The 
challenge was to balance 
the use of local materials 
and traditional construction 
methods with ‘smart’ design and 
technology.  The team devised 
and implemented many ‘smart-
simple’ solutions.

The smart-simple design 
starts with the orientation of 
the buildings.  Even in winter, 
there is often intense sunlight 
and the teaching spaces heat 
quickly because of their optimal 
30° south-east orientation, 
combined with fully glazed 
solar façades that gather the 
sun’s energy and store heat in 
high thermal mass walls.  The 

YOUNG ENGINEERS
The design team comprises young engineers and architects from 
both Arup and its advanced design practice, Arup Associates, who 
offer their time and expertise on a voluntary basis, with logistics 
support provided by their employers.  The team is multinational, 
with young professionals from Belgium, France, Germany, Italy, 
Japan, Kenya, Spain and the United Kingdom.  Each year, one 
person is selected to go on site for two to four months as a 
volunteer resident engineer or resident architect to work alongside 
the local Construction Manager. This provides these young 
professionals with challenging site experience and enables them 
to demonstrate and learn key project management capabilities.

 In 2009 and 2010, 45 young professionals from Building 
Sustainable Communities Initiative (a collaboration of faculty and 
students from Portland State University and University of Texas at 
Austin, School of Architecture) have been designing and building 
innovative shading devices, as well as a visitor centre.  

The manner of working brings international expertise to the 
project, offers young professionals personal and professional 
challenges, and strengthens their CVs with on-site experience.  
They will get direct experience of working in an environment 
where there are few specialist tools and where materials 
sometimes have to be ordered months in advance.  It is 
considered a ‘win-win’ formula for both the school and 
corporate sponsors (see Public Health Volunteer).  
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The plan for the educational buildings is based on the traditional mandala – 
a Sanskrit word meaning ‘circle’.  The basic form of most Hindu and Buddhist 
mandalas is a square with four gates containing a circle with a centre point. 
The mandala is orientated south-south-east to benefit from the morning sun.

Typical Classroom
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The buildings are separated to avoid overshadowing and maximise solar potential by using south facing facades to gather 
the sun’s energy.  This cross section shows the location of the trombe walls.

residences are oriented due 
south, and use ‘trombe’ walls 
to store heat throughout the 
day, in readiness for occupation 
in late afternoon, evening and 
night-time.  

The trombe walls comprise 
a double layer of glass, an air 
gap of 150 mm, and a wall 
coated externally with dark, 
heat-absorbing material, with 
moveable vents between the 
air gap and the inner room to 
be heated.  During the day, the 
sun’s energy penetrates the 
glass, and heats the air in the 
gap and the inner mud-brick 
wall.  The hot air rises and passes 
through the top vents into the 
dormitory room.  Air flows from 
the room through lower vents 
to replace the air in the gap and 
the process continues.  Towards 

PHOTOVOLTAIC ARRAY
James Devine, an electrical engineer from London, was 25 when 
he designed the solar powered photovoltaic system at Druk 
White Lotus.  He says: “I am very pleased with how the system has 
performed since installation.  The photovoltaic system currently 
provides electricity for about 23 hours a day.  While this is not yet 
up to the reliability levels we enjoy in the developed world, it is a 
huge improvement on the local mains supply.  An added bonus 
has been the extensive data-logging facilities within the system 
that allow performance to be monitored on a regular basis.  With 
this feedback mechanism, we are able to check on the health of 
components and plan future capacity upgrades.”

the end of the day, the vents 
are closed to trap the heated air 
in the dormitory room, and the 
mud-brick inner wall radiates 
heat internally with a time lag.

SOLAR POWER
Ladakh enjoys intense sunshine 
for a large part of the year.  The 
campus makes extensive use of 
passive solar energy as well as 
generating its own electricity.  
The mains power supply is 
highly unreliable and even 
when available, the voltage 
supplied is unstable.   

In October 2008, the first 
stage of a state-of-the-art micro-
grid solar power system was 
installed on the campus.  The 
photovoltaic system  generates 
energy with 54 south-orientated 
polycrystalline photovoltaic 
panels (9 kWp) mounted on 
timber frames.  The panels 
are connected via inverters to 
the existing site low voltage 
distribution infrastructure.  
An energy centre has been 

The challenge was to balance the use of local materials and 
traditional construction methods with ‘smart’ design and technology.
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PUBLIC HEALTH VOLUNTEER  A PERSONAL VIEW
Anokhee Shah (age 25) is a public health engineer with Arup.  “I worked at the school during the 
summer of 2010.  One of my tasks was to address the kitchen and laundry drainage, which currently 
flows untreated across a future sports field. Various solutions, including soakaways, have been 
attempted in the past.  To find a sustainable solution, I discussed the previous attempts with the 
construction manager, sought advice from the project’s senior public health engineer, observed the 
current situation, spoke with kitchen staff and visited other sites. I considered site levels as well as 
winter temperatures that drop well below freezing.  The solution involves a simple, locally-made food 
filter within the kitchen, which staff can empty daily. 

“The school will trial a different laundry detergent which is a tested, biodegradable Indian brand 
and the wastewater will be directed to irrigate rows of trees.  This removes problems of dogs and birds 
feeding on the wastewater, 
is easily maintainable, limits 
environmental degradation and 
smells, and provides a valuable 
irrigation water supply.

“I have proposed 
modifications for a future 
residence building based on 
discussions with the house 
parents and observations about 
how residences are currently 
being used. This includes the 
installation of a solar hot water 
system that will function reliably 
over the winter.  The best way 
to understand the use of the 
systems is through discussions 
with users and observation. 

“As a public health engineer, 
this experience has been 
exciting and challenging – to be 
a part of this exemplar project 
with its well-known VIP latrines, 
as well as having to deal with 
the realities of maintenance, 
local expectations and new 
issues that arise daily.  This has 
also been an amazing cultural 
experience, staying with a family 
whose daughter attends the 
school, making friends with the 
teachers and being introduced 
to the school’s aims.”

constructed to house valve-
regulated lead-acid batteries, 
which allow on-site energy 
storage.  The system makes use 
of an AC coupling technique 
between the PV cells and battery 
system, where the frequency 
of the site grid is modulated in 
order to control the supply of 
solar electricity and prevent the 
batteries being overcharged.  

The system is fully modular, 
allowing for additional solar 
panels and battery capacity 
to be installed as the school 
building programme progresses.  
The solar power system will 
need to be expanded as the 
school grows in order to keep up 
with demand (see Photovoltaic 
Array on previous page).

WATER
Two solar pumps raise water 
from an aquifer located about 
32 metres below ground. 
One pump sends water to 
a reservoir at the top of the 
site, from where it distributes 
under gravity throughout 
the campus, while the other 
provides irrigation water for the 
numerous trees and plants. The 
pumps deliver potable ground 
water by gravity feed to a site 
that would otherwise be desert. 
The Tibetan Plateau is the 
source of several great rivers, 
including the Indus, which runs 
through Ladakh on its way to 
Pakistan and the Indian Ocean.  
These rivers are fed by snow 
melt.  However, snowfall is 
irregular and in some locations 

Local granite is incorporated as the external layer of a cavity wall construction which provides an effective weather barrier 
requiring little maintenance.  At the same time it significantly enhances the thermal mass of the buildings.  Wood frames 
are detailed to create robust and attractive infill frames within the masonry walls © Caroline Sohie

even the high-level permafrost 
has melted, forcing whole 
villages to move.  Water supply 
to the campus is satisfactory 
at present, but future supply 
reliability is uncertain.  

MATERIALS 
AND METHODS
The choice of materials 
was influenced by many 
considerations, including 
sustainability, durability and 
cost.  Extensive use is made of 
local granite, mud, and local 
timbers such as poplar and 
willow.  Traditionally, the sizes of 
internal spaces in Ladakh were 
constrained by the maximum 
available cross-sections of poplar 
beams, and so classrooms 
were typically small and had 
limited window area in order 
to conserve heat.  In contrast, 
Druk White Lotus School 
uses large timber sections 
from neighbouring Kashmir 
to provide wide spans which 
allow spacious teaching areas 
that are unique in Ladakh and 
use extensive glazed areas to 
make use of solar energy.  Local 
mud is used to make bricks, 
and roofing uses the traditional 
design of layers of local poplar 
and willow, mud and local 
grasses.  Extensive use is made 
of local granite, worked into the 
buildings by craftsmen from 
the region. The two architects 
appointed at the outset of the 
project spent time in Ladakh 
researching local building 
techniques in monasteries 

large spans and spaces.  Steel 
is used for anti-seismic cross-
bracing.  A major earthquake 
400 km away in neighbouring 
Pakistan in October 2005 
confirmed the need for anti-
seismic measures, which have 
been implemented in line with 
the Indian Building Code and 
international design standards.  

LOOKING AHEAD
The plan now is to complete 
the ‘mother school’ in Shey 
and then develop local branch 
schools with local communities, 
as needed.  The mother school 
is a ‘one-off’, but many of the 
design features can be replicated 
elsewhere.  The design team 
makes available drawings free of 

and houses resulting in the 
school design utilising the best 
techniques available from local 
knowledge.

Imported materials are 
used when designers feel they 
add value: for example, reinforced 
concrete ring beams provide 
structural strength for anti-
seismic measures, and to create 
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VIP LATRINES
The traditional dry latrines of the area have been enhanced to 
create Ventilated Improved Pit (VIP) latrines.  These eliminate fly 
and odour problems and – importantly in a desert environment – 
do not require water. A double chamber system with an integrated 
solar flue allows their operation as composting toilets and 
produces humus that can be used as fertiliser.  The latrines have 
a dark coloured screen, which absorbs solar energy and heats the 
air in a solar flue, immediately behind.  The hot air rises taking with 
it the odours and flies. The human waste then consolidates and 
composts in two pits located under each latrine cubicle.  

charge to interested parties and 
information has been provided to 
various organisations in Ladakh 
and internationally (such as 
the Himalayan Trust). Financial 
sustainability for the long-term is 
being addressed by developing 
an associated heritage project 
that is attracting visitors and 
generating income for the school.

The design team’s skills have 
been recognised internationally 
by winning a number of awards.  
In 2002, for example, the Nursery 
and Infant Courtyard won three 
World Architecture awards, 
including Best Green Building.  
More recently, in 2009, the project 
received a Design for Asia Grand 
Award, presented in Hong Kong. 

While much has been 
achieved, the school is not yet 
complete.  We are now three-
quarters of the way towards 
completing the facilities 
needed to provide high-quality 
education from nursery through 
to secondary school.  The 

school grows year by year as 
students advance to the next 
class and it will take three more 
years for the school to reach 
its full strength of 740 students 
(up to the equivalent of class 
11 in the UK system).  More 
classrooms, more residential 
accommodation and more 
infrastructure are still needed, 
as well as additional learning 
resources inside the classrooms.  

Postscript. Cloudbursts triggered 
mudslides in Ladakh in the early 
hours of Friday 6 August 2010.  
A mudslide flowed across the 
Druk White Lotus School campus 
in Shey depositing 1.0-1.5 m of 
mud plus boulders.  There was 
no loss of life at the school, but 
substantial internal damage 
occurred to classrooms, science 
laboratories, residences and the 
administration offices.

Further information: 
www.dwls.org
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A flow diagram of the workings of a VIP latrine.

WEALTH CREATION

When Apple sells an iPhone, 
it has sold much more than 
a piece of hardware.  It has 
drawn the buyer into a ‘service 
economy’, providing access, 
at a cost, to a vast array of 
information services.  There are 
currently over 220,000 third-
party applications available 
for the iPhone, offering a 
bewildering array of services, 
and creating a great deal of 
new wealth. 

This is just one example 
of innovation in services, 

ENGINEERS AND SERVICES

INNOVATION
Manufacturers in the UK have to develop new and innovative ways to maintain 
hard-won market positions to protect proprietary technology or compete with 
low-cost economies. One approach is through services-led competitive strategies. 
In this first of two articles the authors deal with the need to prepare engineers for a 
manufacturing industry built around services. The second article (on page 36) examines 
the threats and opportunities facing manufacturers who move into services.

The contribution of engineers to innovation in the 
service industry is not always immediately obvious.  
However, engineers bring a specialised set of skills 
that often enable the development of cheaper, better 
and more personalised services. Mark Dodgson, 
David Gann and Irving Wladawsky-Berger explain 
how education can help engineers further develop 
the service economy.

innovations that differ in 
many ways from those found 
in the industrial economy.  It 
is important to analyse the 
changing pattern of innovation, 
and engineers need to 
appreciate the differences 
to acquire and develop the 
capabilities they will need 
if they are to make a bigger 
contribution to a new wave of 
economic growth. 

Employment in services, 
such as healthcare, finance and 
communications, comprise the 

largest component of global 
economic activity, accounting 
for the majority of jobs in most 
developed economies.  Recent 
data from the Organisation for 
Economic Co-operation and 
Development shows that in the 
USA, manufacturing accounts 
for 14% of GDP and services 
for 76%.  In the UK, the figures 
were 13% and 75% respectively.  
Even in China, the powerhouse 
of much global manufacturing, 
a third of GDP was from 
manufacturing while services 
accounted for 40%.

The emergence of services 
as the dominant activity in 
advanced economies has led 
to speculation on how science, 
technology, engineering 
and mathematics (STEM) 
contribute to their development.  
Innovation in manufacturing 
depends on the skills, tools and 
processes of engineers.  The 
contribution of engineering to 
services is similarly profound but 
less immediately obvious.

STEM 
CONTRIBUTIONS
Engineering’s biggest 
contribution to services 
innovation is probably through 
the education of people who 
apply scientific approaches 
in their work, and through 
the development and use of 
the digital technologies that 
underpin service delivery and 
innovation.  These are the more 
visible roles of engineering 
in services innovation.  Other 
contributions are obscured by 
the difficulties in distinguishing 
between services and other 
activities, a reflection of the 
blurring of boundaries as 
different disciplines, professions 
and organisations come 
together to solve complex 
problems. 

Examples of how STEM 
contributes to services innovation 
include the internet, the 
algorithms that brought Google 
its success, and the complex 
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