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Abstract - Himachal Pradeshisthefirst statein Indiato implement Solar passive housing technology on large scale. A
policy decision was taken by the state Govt that all the govt & semi-govt buildingswill be designed as per solar passive
housing technology.The experience in implementing passive solar building programme in Himachal Pradesh, is
presented. The monitoring of constructed Solar buildings shows comfortable living conditions in winters as well as
energy saving.The long term strategy for continuous Research & Development, capacity building and technical
manpower devel opment for the successful propagation of the technology, isalso discussed. The follow up action for the

implementation of the technology is outlined for other countries.
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1. INTRODUCTION

The State of Himachal Pradesh [HF] liesin the Western
Himalayas and extends from snow covered mountains
separating Tibet in the North to plains of Punjab in the
South and West. The State with a geographical area of
55673 sq kmislocated between | atitude 300 22' 40" to 330
12' 40" North and longitude 750 45' 55" to 790 4' 20"East.
Thealtitude rangesfrom 250 m to 6,975 m above mean sea
level . Dueto peculiar topography and snowfall in high
altituderegions, the sate experiences severewinters. Areas
above 2000 metresreceivelight to heavy snow fall whereas
alpinezoneremainsunder snow for 56 monthsin ayear.

About 92% of 5.2 million population (as per 1991
census) of thestatelivesin villagesand largely depend on
fud wood for gpaceheating and cooking. About 4.82 million
tonsof fuel woodisused inthestateannually for cooking,
space heating, water heating, tarring of roads etc. out of
which 4.5 million tonsisused by therural population. This
requirement hasresulted in large scal edenudation of forests
posing serious threat to the environment. In Himachal
Pradesh wood, charcod, cod, kerosne, LPG and e ectricity
are mainly used for cooking and space heating during
winters. In tribal areasof the state, the fuelwood, coal and
kerosinearesupplied on subsidy resultingin seriousburden
on Govt. exchequer.

In high altitude regions, Govt. buildings like offices,
hospitals, residences requiring winter heating, haveto be
fitted with electric/fossil fuel heating systems to create
comfortableindoor conditions. Theinstallation and annual
running costs of such heating systemsare quite high. This
cost can be considerably reduced if the building isdesigned
incorporating solar passive features.

Contrary to popular belief 250-300 sun shine days per
year areavailablein Himachal Pradesh with 7-8 mean sun
shine hours per day, as such solar energy can effectively
be utilised for space hegting.
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Passive solar building technology isenvironmentally
sound and economically viable technology in which the
design isevolved by considering thesite planning, climatic
conditions & movement of sun during summersand winters
so asto create comfortableliving conditions.The adoption
of solar passive heating or cooling technology inthedesign
of buildings reduces the large consumption of fossil fuels
and dectricity for space heating, cooling and daylighting.

The solar passive building programme has been
implemented in the state successfully and a stage has now
reached to propagatethistechnology in other hill states of
India. The states of Uttranchal, Sikkim, J&K, Manipur,
Meghalaya, Arunachal Pradesh, Nagaland have shown
interest in propagating the technology in their states.

In the following sections, the current status and
strategy leading to the successful i mplementation of Solar
passive building technol ogy, have been outlined.

2. POLICY ON SOLAR PASSVEHOUSNG
TECHNOLOGY

In the year 1994 , Himachal Pradesh Govt. took a decision
that dl thefuture Govt/ Semi Govt Buildingsareto bedesigned
& constructed as per solar passive housing technology in a
phased manner[1]. HPisthefirst state in the country to take
such a policy decison A Solar House Action Plan for
Himachal Pradesh, formulated by the HP State Council for
Science, Technology and Environment [HPSCTE], was
approved on May 12, 1994. HPSCTE is the nodal agency
for implementing Solar Passive Housing Programmein the
state .

I mplementation of Solar House Action Plan

Under the Passive Solar HouseAction Planinthe Sate, a
Technical Project Management Cell has been established in
theState Council for Science, Technology and Environment,
H.P. for which the Ministry of Non-Conventional Energy
Sources,[MNES], GOI isalso providing support. The Cell
comprisesof scientific, architectural and engineering staff. A
panel of experts provides technological inputs. The Cell
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co-ordinates with state housing agencies in the date for the
implementation of thePlan. Themain componentsof the Plan
are:

e Designand construction of all Government /semi Govt
buildings like hospitals, health centers, schools,
residential colonies, offices etc. as per solar passive
architecture by al housing agencies including HP
Public Works Department, & HP Urban Deveplopment
Authority ,in aphased manner.

e Edablishment of aTechnica Project Management Cell
in the State Council for Science, Technology and
Environment H.P. for co-ordination with state housing
agenciesfor the Solar HouseAction Plan and to create
inhousefacilities for technol ogy dissemination.

e Organization of specialized training courses for
scientists, engineers, architectsand artisansin passive
solar housing techniques for dissemination of the
technol ogy and devel opment of technical manpower.

e Congtitution of expert group from State/ National /
International R&D Institutions for co-ordinating the
solar house programme in the State.

e Retrofitting of old buildingswith passive solar heating
systems.

e Madificationin building bye-lawsfor making Passive
Solar features compulsory in buildings in Himachal
Pradesh.

e Incentives to public for solar house construction in
urban and rural areas construction of Solar
demonstration buildings in different climatic zones of
H.P

e Research , development and monitoring of Passive
solar buildings.

e Course Curriculum Development on Passive Solar
Architecture, Engineering and Scientific aspects in
State Universitiesand Engineering Colleges.

e Energy audit of Government buildings in Himachal
Pradesh to suggest measures for reducing energy
consumption.

e  Solar radiation and other Climaticdata compilation and
analysis of Himachal Pradesh.

e Traditional hill architecture data compilation and
identification of passive features for evolving Solar
design incorporating Himalayan Architecture.

e Establishment of a Solar Energy Research Centrefor
Hilly areasat Shimlafor carrying out R&D related to
solar technologiesfor cold climates. ThisCentreisto
provide technical support and carry out R&D related
to solar energy not only for Himachal Pradesh but for
the hilly regions of the country.

Srategy for Implementation

Based on the successful demonstration of the
technology in Himachal Pradesh, the govt took a palicy
decisionin August 2000that all thelargeenergy consuming
buildings above 2000 metre altitude will be designed and
constructed as per Solar passive housing technology by
al govt & semi govt agencies. The guidelines prepared by
the HPSCTE wereapproved by Govt for implementation.
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() Roleof implementing agency

1) All govt./ semi govt agencies including HP Public
WorksDepartment, & HPUrban Devepl opment Authority
engaged in building construction above 2000 m altitude
will design and construct buildings as per passive solar
building technology in the state. Necessary steps will be
taken by these agenciesfor effectiveimplementation of the
plan in co-ordination with the Technical Project
Management Cell set upinthe State Council for Science &
Technology & Environment, HP.

2 The Govt./Semi Govt agencies will make systematic
effortstoorient / train their architectural and engineering
wings for adopting this technology. Each agency will set
up aComputerised solar passivedesign Cdl with architects,
design engineers [structural], executive engineer and a
computer programmer well versed in Autocad/ design,
seismicanalysis softwares. ThisCell will co-ordinatewith
the State Council for Science, Technology & Environment,
HPfor effective implementation of thistechnology.

3 Besidesanalysing requisite dataevolving preliminary
sketch drawings/ final working drawingsof buildings and
preparing brief technical reports, role of such aDesign Cell
will alsoincludevisitstosites prior to designing toensure
correct marking of North/ South, collect information an
obstruction, shading and sunshine duration at the site &
cimatic data.

4)  Implementation schedule:

First Phase:
i) In thefirst phase, all thelargeenergy consuming buildings
likeHospitals, Health Centres, Govt. Residential Buildings,
Rest houses, Office buildings requiring central heating,
Hotel setc. abovethealtitude of 2000m will be designed as
per solar passive technology strictly.

ii) In other buildings minimum energy conserving features
& orientation for utilising South Sunin winters, day lighting
& environment friendly building materialswill befollowed.

iii) All standard designsof buildingslike Govt. residences,
hospitals, schoals, colleges, hostels, hotels, heal th centres,
etc. will be revised & new designs evolved by Govt /semi
Govt. / housing agencies, incorporating solar passive
features with the assistance of the Technical Project
Management Cell of theHPSCSTE.

Second Phase:
Implementation of the programmewill bereviewed. .Based
on the experience gained & monitoring results, the
technology will be extended to cover all parts of the state
and all types of buildings.

5 The concerned executing agency will construct
buildings asper solar passive design strictly and will
maintain strict quality control.
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6) Buildings requiring central heating systems [like
electrical/oil /wood fired ] will have solar passive heating/
cooling systems with electrical backups so that high
installation cogtsand therecurring expenditure on running
central heating systems could bereduced . These buildings
shall have double glazed windows, air lock lobbies &
electricity conserving measures .

7) The executing agency will be required to certify that
solar passive recommendations, as per approved design,
have been followed in construction.

8 Strict quality control whileconstructing buildings, asper
solar passivedesign, will betherespong bility of architectural
& engineering wingsof the executing agency.

9 Tomakemaximum useof natural daylight such feetures
in buildings, as Sky lights, Roof lights etc. shall be
incorporated in design so as to reduce consumption of
electricity during day time.

10) Electricity conservation measuresin buildingswill be
followed grictly by Electrical Engineering wings of housing
agencies. Auto cutoffs, use of Photo- voltaic lights,
wherever possiblewill be encouraged.

Nodal Agency

The State Council for Science, Technology &
Environment, HR, is thenodal agency for theimplementation
of Solar Passive HouseAction Plan in Himachal Pradesh,
which provides necessary design /scientific inputs to the
impl ementing agencies. The Technical Project Management
Cell carry out the monitoring of solar buildings.

3. STATUSOFSOLAR BUILDING PROGRAMME

In 1994 the Council identified buildingsto be constructed as
per solar passive design by state housing agencies. The
Council identified expertsinsolar architecture and obtained
additional funding frorm Ministry of Non Conventiona Energy
Sources, Govt of India. The solar passve designs of these
buildings were provided out of which twenty have been
constructedtill now[Table.1].

Comfort Evaluation of Solar passive buildings

Under Minigtry of Non- Conventional Energy Sources,
Govt of India[MNES],sponsored project, monitoring of the
constructed solar passive buildings has been done by the
cell to study the thermal comfortable conditions, efficacy
of solar passive features, actual energy savings. The
monitoring of constructed Solar passive HP Co-operative
Bank Himurjaofficeand MLA Hostel buildings showsthat
buildings are comfortable in winters and dependence on
the eectricity for heating has been reduced considerably.
The users have also expressed satisfaction over the
comfort level.
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i)  HP co-operative bank building

The multi-storeyed bank building is oriented to 10°
West of South with two sunspaces, solar heat collecting
wall, double glazed windowsand roof top solar air collector
with adectrical backup heating system. The monitoring of
thebuil ding during 1998-2000 shows atemperature rise of
10-17 °C above the ambient temperature and the dectric
backup isrequired only for one or 2 hoursduring extreme
cold and partial cloudy days.

Table 1. Solar passive buildingsin HP

Building Name/L ocation No.
i.Congructed
MLA’sHostd, Shimla
200 bed Govt. hospital, Rampur, Distt Shimla
Minister’ s houses, Shimla

Judge’ s Houses a Shimla
HP Co-operative Bank building, Shimla
HIMURJA office building, Shimla
State Bank of Patiala, Shimla
ii.Under Construction
HPPWD rest house, Kotgarh , Distt. Shimla
IGMC Hospital Phase -2, Shimla
Nirman Bhavan, Shimla

R R R o o k| &
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ii) MLA hostel buiding , Shimla

During Feb 2000 theinside temperature of the Solar
designed MLA Hostel building varied between 10° C to
26° C with ambient temperatureas4.5° Cto 7 °C.

iii) Himurjabuilding, Shimla

Fig. 1. Himurja solar passive building at Shimla

The building exposed to winter sun has day lighting
features, sunspace, thermo-syphoning heating
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panels,double glazed windows, solar water heating and
solar photovoltaic lighting features[Fig. 1]. Thisbuilding
does not require any auxillary heating in winters.The
monitoring of building in Jan 2001 shows inside
temperatures as 18°C to 28° C with ambient temperature
variation from 9°Cto15°C.

Economicsof Solar Passive Buildings

In the Solar passive buildings constructed in the state,
thereisonly amarginal increasein the cost ranging from 0
to 10 % depending on the nature of solar passive features
adopted. This minor increase in cost further reduces, if
proper site planning, design and selection of materialsare
done at initial stages. Due to continuos saving of fuel/
electricity required for space heating/cooling in such
buildings, thisadditional cost can berecovered within 2—
3years. The Solar passivebuildings can beclassified in to
threemain categories:

i) Solar buildingswith no additional costs

Buildings for which thereisa freedom of proper site
planning, appropriate building materials and efficient
functional planning at initial stages, the Solar passivedesign
features will cost very little extra expenditure. In the
Minister’'s and Judge’ s residences congtructed in Shimla,
thereis virtually no extra cost of construction.

ii) Solar buildingswith incremental costs of 5-10%

Buildings for which there is less independence in
selecting the site and orientation, there may be small
incremental cost of 5 to 10%. In case of Passive Solar
designed Rs 2 crore HP State Co-operative Bank building
which had alittlechoiceof orientation aswell asavailability
of sunshine and in which an e ectrical backup system was
also installed, the cost of passive solar featuresis5 % of
the total cost with a pay back period of 3-5 years due to
savingin fud bills.

iii) Buildingsrequiring retrofitting - back up electric
heating systems

Buildingslike hospital s or offices, in extreme cold sites
above 3000m requiring roof collector solar space/air/water
heating systems with electric back ups or in which Solar
passive systems are to be retrofitted, the cost can go up
to 15 %. However, due to lesser fuel consumption this
incremental cost can berecovered within 2-3 years.

4. SUSTAINING TECHNOLOGY PROPAGATION

Following initiatives have been taken for making the
propagation of the technology self sustaining.

Establishment of a Technology R&D Centre

The Council has setup an Appropriate Technology
Centre at Sunder Nagar where Solar passive heating
systems like Trombe wall, Sunspace, Green house, Solar
window box heater, Thermosyphoning air heating panels
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etc. arefabricated and tested using local materialsby | ocal
artisans. These systems have also been successfully
installed in traditional houses. The Centre has also
organized alarge number of training for theengineersand
artisans.

Sudy of Traditional Architecture of HP

A survey of traditional hill architecture of Himachal
Pradesh has been carried out to identify design features for
evolving solar passive designs of houses for hilly regions.

Climatic Data Compilation of HP

A compilation of sunshinehour/solar radiation and other
meteorol ogical dataof Himachal Pradesh hasbeen doneunder
Council’s sponsored project.

Retrofitting of Traditional Houses

The Council has retrofitted traditional houses with
locdly fabricated and low cost thermoair syphoning panels,
sunspace and Trombe wall heating systemsin the tribal
areas of the HPfor popularising the technology in Sangla
Valley, Distt. Kinnaur and Bharmour, Distt Chamba.

Solar Passive Design of Schools& Teacher Hostels

41 solar passive primary schools and teacher’s hostel
designsfor Shimlaand Spiti districts have been provided.
Fifteen solar passive primary schoolsin Shimlaand Spiti
districtsand 8 solar passiveteacher hostelsat Tabo, Kaza,
Sagnam, Dhankar, Rangrik, Kibber, Hansaand Losar in Spiti
Valley have been constructed at altitudes from 12,500ft to
14,500ft where the minimum temperature during winters
dropsto -40°C[Fig. 2].

A

Fig .2 Solar passive teacher hostel in spiti valley

Consultancy Cell for Residential Houses

A Consultancy Cdl has been set up in the Council
which is providing servicesto public in the Solar passive
designs of residential houses.

Establishment of Solar Energy Research Centrefor Cold
Regions

A highlevel committeehashbeen constituted by MNES
for setting up of a Solar Energy Research Centrefor Cold
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Regions for the dissemination of thistechnology in al the
hill statesof India. The Committee has submitted itsreport
to MNES recommending the establishment of aCentre.

International Collaboration

(i) 1CIMOD, sponsored project

Under the project funded by International Center for
Integrated Mountain Development (ICIMOD), Nepal, a
National workshop on Solar Passive technology was
organized for establishing a network of experts and
institutions.

(i) AusAid project on rural passive housing

An Aus-Aid project on Capacity building in Solar
passvehousnginrura areasof HP wasi mplemented [1999-
2001]. Under the project five scientific personnel of the
Technical Project Management Cell were trained at the
University of New South Wales, Sydney in the latest Solar
passive concepts. 25 rural Teacher hostels primary schools
and Teacher Residence houses were designed and
constructed in HP.

Developing Technical Manpower

In order to sustain the programme it is essential to
train thelocal manpower .The Council organised anumber
of training programmesfor erchitects, engineers,of Housing
agencies during 1994 to 2001.Specialised training
programmesfor junior Engineersfrom Rural Devel opment
Blockswere organised for carrying out construction in rural
areas. More than 100 rural artisans were trained in the
construction techniques of solar passive houses and
fabrication of Sunspaces, Trombewall, cavity wall, thermo-
syphoning air heating panels, Window box air heaters
etc.Themain aim of training rural artisanswasto propagate
the technology in villages since these artisans are already
involved in the construction of houses in villages and
oncetheir skills are upgraded the technol ogy propagation
will become self sustainable.

Promoting Technology in other Hill Regions

A Technical Backup Unit for promoting solar passive
housing technology in hill states of India, was established
by Department of Science Technology, Govt of India. This
unit coordinated with hill Science& Technology Councils
J&K, Sikkim, Manipur, Mizoram, Meghalaya, Tripura,
Arunachal Pradesh, Nagaland, W.Bengal hills, Uttranchal
Pradesh. The training and awareness programmes for the
architects, engineers, scientist and artisans of Sikkim and
Mizoram, Tripura, Manipur stateswere organised.

The Science & Technology Councils of Sikkim and
Manipur statesidentified buildings to be designed as per
Solar passive technol ogy for which designs were provided.
The Solar passivedesign of a Conference/ Banquet hall at
Gangtok, Sikkim was prepared and sent to for
implementation. The J & K, Uttaranchal Pradesh and
Mizoram have also shown interest in the technol ogy.
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A survey of thetraditiona housesin Chamba, Kinnaur,
Lahaul & Spiti in Himachal Pradesh have been conducted
for retrofitting and to develop new designs. The Solar
passive design guidelines for hill areas of Indiaarebeing
prepared.

After reviewing the successful implementation of the
programme ancther policy decision was taken by Govt of
Himachal Pradesh intheyear 2005 that it will be mandatory
for all Govt./ semi Govt. agencies[ including, Industrial
Complexes, Tourist Resorts, Hotelsin Govt./Semi Gowvt. &
Private sector, to incorporate solar passive heating &
cooling features, earth quake resistant features and rain
water harvesting structuresin all thebuildingsin thestate
of Himachal Pradesh.

5. FOLLOW UP STRATEGY

In order to propagatethe Passive Solar technology in hilly
regions , itisimportant to identify demonstration buildings
which areto bedesigned by experts. The construction must
be carried out under strict supervision so that thereis no
compromise with the proposed design and quality of
building materials. The Scientific Institutions must be
involved for providing long term technical backup to the
housing agencies alongwith carrying out R&D studies
related to traditional architecture. The local architects,
engineersand artisans should betrained in the design and
construction techniques. Therecording of accurateclimatic
dataincluding hourly temperature, solar radiation, wind
speed and wind directon data is a prerequisite for the
successful implementation of the programme. Establishment
of Solar Radi ation Data Recording stationsisimportant to
create a scientific data base.

Stepsto modify building bye laws for making provision
for solar passive features , solar space heating systems,
solar access to buildings, colonies & new townshi ps needs
to be taken by appropriate departments like Country &
Town Planning ,Municipal bodies. Awareness campaigns
about technologies need to be launched . Specialized
training and orientation programmes, architects &
engineers, scientists ,artisans and, builders needs to be
organi zed.

In order to propagate solar passive housing
technol ogy, along term technol ogy backup isessential for
which a Project Management Cell in a Scientific Institution
needs to be set up to prepare manuals, guidelines on
house designs incorporating solar passive technology
features, earth quake resistant features & rain harvesting
structures for wider dissemination.
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