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Executive Summary
United Nations Development Programme (UNDP) and United Nations Environment
Programme (UNEP) have initiated Global Knowledge Management (KM) and
Networking activities within framework of its global project “Solar Water Heating
(SWH) Market Transformation and Strengthening Initiative”. International Institute for
Energy Conservation (IIEC) as a regional partner to the project is committed to the
development of knowledge products and services for SWH applications in five of South
Asian and Southeast Asian counties – Bangladesh, Sri Lanka, Thailand, The Philippines
and Vietnam.
The report presents detail discussion on solar water heaters – system components, design
and installation practices in the five countries along with life cycle cost evaluation. The
successful nationwide projects/initiatives that helped in catalyzing the uptake of SWH
technology in each of the countries are discussed.
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1 Introduction
Solar water heaters are not new; the world’s first commercialized solar water heating
system was patented in the United States in 1891. Since then, the technology is being
improved through continuous innovation and research studies all over the world. The
basic principle of SWH can be simply explained as “solar radiation (heat) from the sun is
absorbed by high-absorbance material and is transferred to cold water, thus water
becomes hot”. While many parts of the world are experiencing energy shortage and rising
concern on environmental degradation caused due to conventional form of energy
utilization, during the 1990s and beginning of 2000, the global solar thermal market has
undergone a favourable development with a steady annual growth.
“Solar Water Heating (SWH) Market Transformation and Strengthening Initiative”,
jointly developed by the United Nations Development Programme (UNDP) and United
Nations Environment Programme (UNEP) consists of two components as follows:
•

Component 1 - Global Knowledge Management (KM) and Networking: Effective
initiation and co-ordination of the country specific support needs and improved
access of national experts to state of the art information, technical backstopping,
training and international experiences and lessons learnt.

•

Component 2 - UNDP Country Programs: The basic conditions for the
development of a SWH market on both the supply and demand side established,
conducive to the overall, global market transformation goals of the project.

International Institute for Energy Conservation (IIEC) as a regional partner to the
program is committed to generate knowledge products and services to ensure that
developmental experiences and benefits of knowledge can be effectively disseminated to
other regional countries.
The report was prepared within the framework of “Solar Water Heating Market
Transformation and Strengthening Initiative” under UNEP’s Small Scale Funding
Agreement (SSFA). The funding for this assignment was provided through Global
Environment Facility (GEF). The objective of the report is to provide overview of the
solar water heating technology (design and installation) successful projects implemented
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by several organizations in the selected countries in a consolidated report and followed
by country wise recommendations.
Methodology: The analysis in this report is based on compilation of secondary data
readily available from various web sources, surveys through telephonic discussions or
email exchanges with industry experts, SWH manufacturers, organizations endeavouring
to promote SWH and local associations through IIEC regional offices. The details and
potential sources of information are cited in respective sections of the report. The value
of this report lies in its bringing together data from many sources which is extremely
difficult to obtain. In cases where sufficient data is unavailable either in the form of
secondary data or quick primary data collection; further detailed studies are
recommended in Phase II and are not covered under the current SSFA contract.
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2 Solar Water Heaters – System components, Design &
Installation
Country specific information on SWH key system components, design and installation
procedures are detailed in sub-section 2.1 to 2.5. General technical details of SWH
system components, various types of SWH technologies, installation procedures are
attached in Annexure I.

2.1 Bangladesh
Solar water heating technology was known in Bangladesh since 1990s. The initial efforts
were targeted towards studies on suitability of SWH technology to the country’s climatic
conditions. Initially, the SWH systems were imported, mainly from China, but the system
cost was very high and not at all affordable. Then, the research and academic
organizations such as Renewable Energy Research Institute (RERC) of Bangladesh
University and Institute of Fuel Research & Development (IFRD), Centre for Mass
Education in Science (CMES), Local Government Engineering Department (LGED)
strived to develop SWH systems using locally available materials. The systems were
successfully manufactured and tested at their own facilities. In parallel, a few local
manufacturers who were already involved in other solar energy businesses started
manufacturing the SWH systems locally.
SWH manufacturers & taxes: IIEC with the valuable co-operation from Rahimafrooz
Renewable Energy Limited (RREL), the pioneer and leading company in the solar energy
business (including SWH systems) of Bangladesh has obtained and able to present
information on design and installation related aspects of SWH systems in the country.
There is no national estimate available for total number of SWH installations in
Bangladesh. The installations are scattered in the country and attributed to the individual
manufacturers and suppliers of SWH systems. Imported systems from China and
neighbouring India dominate and compete with the locally manufactured products. Under
the guidelines of Renewable Energy Policy (REP) 2002, imported solar water heaters are
exempted from custom duties and Value Added Tax (VAT).
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Potential market for SWH installations: The potential market for SWH installations
are residential bungalows, off-grid resorts and hotels and tanneries and industries.
Considering the tropical climate in Bangladesh, high cost of SWH systems and infant
stage of the industry, the technology is not very competitive for all residential customers,
the most enquiries and installations are from only high end residential customers. For
commercial customers (hotels and resorts) and industrial customers (especially tanneries),
unreliable power supply issues are reasons for using solar energy wherever possible.
Since 2006-07, the growth rate of number of SWH installations in commercial and
industrial premises has increased, but remains very low. RREL which is considered to be
a market leader in Bangladesh has installed 12 SWH systems in 2010. From RREL
sources, the sale of SWH systems has been improved from less than five installations/
year (during 2006 and 2009) to around ten installations in 20101.
Types of SWH systems widely adopted & key system components: Evacuated tube
type collectors with passive system are common in the country. About 80% of the
installations are prefabricated systems with capacities in the range of 100 to 500 Litres.
Expertise to install large capacity custom built SWH systems is missing in the country.
Evacuated/ Vacuum Tubes, Assistant Tank, Reserve Tank and Mounting Structure are
the key components of a typical SWH system.

1

Courtesy: Solar Water Heaters Division, RREL, Bangladesh
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Figure 1 – Installation of three 200 Litre evacuated tube type SWH in a commercial complex
owned by A K Khan & Company Ltd. (2010)2

Product certifications, training of planners & installers: SWH systems in Bangladesh
need not have compliance to any product standards or mandatory certifications. Any
systems can be installed, irrespective of manufacturing standards and choice of individual
manufacturer’s installation practices. Generally, the manufacturer/supplier firm itself will
provide installation and commissioning services. Maintenance services are provided
during the guarantee period and also provide Annual Maintenance and Contract services.
The country does not have any training programs for planners and installers of SWH
systems. The quality of installation is not upto the industry best standards.
Design and installation practices: Upon interest expressed by the site owner for
installation of SWH system for the premises, the key steps are as follows: Site survey (for
verifying suitability of the technology for the intended purpose and site conditions);
Sizing of the system; plumbing work; installation and commission. The procedures are
explained in detail in Annexure I.

2

Courtesy: Solar Water Heaters Division, RREL, Bangladesh
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Bangladesh
•
•
•
•
•

Imported Solar Water Heaters are exempted from Value Added Tax (VAT) &
Custom Duties (REP 2002)
Residential bungalows, off-grid resorts and hotels and tanneries and
industries are the potential markets for SWH Installations
Type of SWH systems widely used: Evacuated tube type collectors & passive
system
Manufacturers/ Suppliers also provide Installation, Commissioning services
and Maintenance services during Guarantee period
Site Survey, Sizing of the System, Plumbing Work form Major Components of
Installation and Commissioning of SWH Systems

2.2 Sri Lanka
The National Engineering Research and Development (NERD) Centre set up under the
Industrial Corporation Act in 1974 was the pioneering organization which has started
efforts towards use of solar energy for water heating applications in Sri Lanka. The
NERD at Ekala Industrial Estate has its own laboratories, workshops to undertake R&D,
testing work for solar thermal technologies. Late 1970s, there were a few SWH
installations, these were imported units and extremely costly. The centre started its
research to develop a solar water heater with a very good performance and able to
compete with imported units. The efforts were successful (1980) and the manufactured
SWH systems were commercially marketed through a firm “Alpha Thermal Systems Pvt
Limited”.
SWH manufacturers & taxes: IIEC with the valuable co-operation from Alpha Solar
Energy Systems Pvt Ltd, the pioneer and leading company in the solar energy business
(including SWH systems) of Sri Lanka is able to present information on design and
installation related aspects of SWH systems in the country. The installations are scattered
in the country and attributed to the individual manufacturers and suppliers of SWH
systems. Imported systems from China and Australia exist and compete with the locally
manufactured products. There are no tax or custom duty incentives on installation or
purchase of SWH systems in Sri Lanka.
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Potential market for SWH installations: The potential market for SWH installations
are high-end residential consumers, hotels and tourism industry and in some industries.
An approximate of 80,000 SWH systems are installed across domestic (~ 97%) and
commercial (~ 3%) sector of which about 98% of the systems are flat plate type
collectors. Typical annual market growth is approximately 7%.
Types of SWH systems widely adopted & key system components: Flat plate type
collectors with passive system are widely adopted and observed in the country. About
60% of the installations are prefabricated systems with capacities in the range of 150 to
300 Litres. Expertise to install large capacity custom built SWH systems is steadily
improving in the country. Alpha Solar Energy Systems has successfully installed and
commissioned custom built 4000 Litres and 5000 Litres SWH systems recently in hotel
sector. These are considered as the largest working SWH systems in Sri Lanka and the
organization has received an order to built 10000 Litres system this year. Generally the
manufacturers/suppliers receive such large system enquiries when the management wants
to construct the facility to comply green building certifications like Leadership in Energy
and Environment Design (LEED). Flat plate collector, Storage Tank and Mounting
Structure are the key components of a typical SWH system.
Product certifications, training of planners & installers: SWH systems in Sri Lanka
need not have compliance to any product standards or mandatory certifications. Any
systems can be installed, irrespective of manufacturing standards and choice of individual
manufacturer’s installation practices. Generally, the manufacturer/supplier firm itself
provides installation and commissioning services. Maintenance services are provided
during the guarantee period as are Annual Maintenance and Contract services. The
country does not have any training programs for planners and installers of SWH systems.
The quality of installation does not match the best standards in the industry.
Design and installation practices: Upon interest expressed by the site owner for
installation of SWH system for the premises, the key steps are as follows: Site survey (for
verifying suitability of the technology for the intended purpose and site conditions);
Sizing of the system; plumbing work; installation and commissioning. The procedures are
explained in detail in Annexure I.
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Sri Lanka
•
•
•
•
•

High-end residential consumers, hotels and tourism industry are Potential
Markets for SWH Installations and Annual Market Growth of 7%
Growth of SWH Installations in Sri Lanka is attributed to the Marketing
Efforts of Individual Manufacturers or Suppliers
Flat plate type collectors with passive system are widely used SWH systems.
Pre-fabricated systems with 150-300 L capacities are popular
Manufacturers/ Suppliers also provide Installation, Commissioning services
and Maintenance services during Guarantee period
Site Survey, Sizing of the System, Plumbing Work form Major Components of
Installation and Commissioning of SWH Systems

2.3 Thailand
The early known and documented developments in SWH industry in Thailand were
initiated by the government in 1982. The Department of Alternative Energy Development
and Efficiency (DEDE), installed 352 square meters of flat plate collectors in 6 hospitals,
1 hotel and 1 small industry3. By early 90s, some local manufacturers started growing
their business and about 10 domestic SWH manufacturers/suppliers were in the market
though their market share is very limited. The market was dominated by imported
products from Australia, Germany and Israel. Realizing the momentum, the DEDE
started promoting solar thermal applications in the country in 1994 focusing on technical
support and capacity building for end-users particularly in the commercial sector, i.e.
hotels and hospitals. However, in the late 90s, the SWH market in Thailand rapidly
declined for two main reasons - the 1997 Asian economic crisis and quality and durability
of the systems. A large percentage of previously installed systems were functioning
improperly due to incorrect design and poor workmanship during installation and
maintenance. In order to make the industry sustain during the crisis, in 1998, the Thai
government introduced a financial incentive scheme to promote solar water heaters in the
residential sector. The scheme however was discontinued in 1999 as it was unable to
deliver the results expected.
3

Country Paper for Thailand, Amnuay Thongsathitya, Director Energy Research and Development Branch,
Financing and Commercialization of Solar Energy Activities in Southeast Asia, Kunming, Yunnan
Province, China, 26-30 August 1996.
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SWH manufacturers & taxes: IIEC through its regional branch office in Thailand has
obtained and able to present information on design and installation related aspects of
SWH systems in the country. The installations are spread over all regions in the country
and attributed to the individual manufacturers and suppliers of SWH systems and the
DEDE efforts in co-operation with multi lateral/bilateral organizations. A few
manufacturers sustained the financial crisis (1997) and post 2000 more suppliers entered
into the business to tap the new demand emerging from investments in commercial sector
(hotel industry). The new suppliers in the market relied on products imported from
Germany, Israel and China in addition to imports from Australia and EU member
countries. Tax incentives are also available on Renewable energy & Energy efficiency
investments in the country. Through this, 100% tax exemption is applicable from first to
eighth year and 50% tax exemption from ninth to thirteenth year of product purchase.
Potential market for SWH installations: The potential market for SWH installations
are high-income earning residential consumers, hotels, hospitals and tourism industry.
The study conducted in 1996 by DEDE estimated that the total installation of flat plate
collectors in Thailand until 1996 is about 50,000 m2. The study also cited that in 1996
alone, SWH systems of a total collector area of 4,150 m2 were installed in Thailand.
After this study; there is no estimate available on the industry growth.
Types of SWH systems widely adopted & key system components: Open loop flat
plate type collectors with active system are widely adopted and observed in the country.
Most of the systems are one tank systems with no heat exchanger. Expertise to install
large capacity custom built SWH systems is steadily improving in the country. Flat plate
collector, storage tank, circulating pump and mounting Structure are the key components
of a typical SWH system.
Product certifications, training of planners & installers: Thai Industries Standard
Institute (TISI) has developed product standards 4 for SWH systems in domestic and
industrial units in 1998 and 1989 respectively. These product standards are not
mandatory and so there is no quality check on manufacturing standards of SWH systems.
Any systems can be installed, irrespective of manufacturing standards and choice of
4

The product standards for solar water heaters are discussed in “Assessment of Country Standards” report,
the next deliverable under the SSFA contract.
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individual manufacturer’s installation practices. Generally, the manufacturer/supplier
firm itself will provide installation and commissioning services. Maintenance services are
provided during the guarantee period and also provide Annual Maintenance and Contract
services.
In a process to maintain quality in design and installation, the DEDE in cooperation with
Ministry of Energy and German Technical Cooperation (GTZ) has conducted two
training programs on solar thermal systems. More details on the training programs are
discussed in Section 5.3.
Design and installation practices: Upon interest expressed by the site owner for
installation of SWH system for the premises, the key steps are as follows: Site survey (for
verifying suitability of the technology for the intended purpose and site conditions);
Sizing of the system (Use of T-SOL® Software for simulation and design of SWH
systems); plumbing work; installation and commission. The procedures are explained in
detail in Annexure I.
Thailand
• On purchase the following exemptions are applicable: 100% tax exemption
from 1st to 8th year and 50% tax exemption from 9th to 13th year
• High-income earning residential consumers, hotels, hospitals and tourism industry
are potential markets for SWH Installation
• Open Loop Flat Plate type collectors and active systems are widely used SWH
systems
• Manufacturers/ Suppliers also provide Installation, Commissioning services
and Maintenance services during Guarantee period
• Site Survey, Sizing of the System, Plumbing Work form Major Components of
Installation and Commissioning of SWH Systems

2.4 The Philippines
The University of the Philippines Solar Laboratory (UPSL) established in 1989 is the
pioneer institute involved in both PV and solar thermal research and promotion activities
in the Philippines. This was established to serve as a testing facility for the evaluation of
the performance of solar photovoltaic and thermal systems in the Philippines. Since its
inception, UPSL has continuously developed its expertise in many fields of Renewable
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Energy (RE) and has consistently advocated sustainable development and the judicious
utilization of energy resources through the implementation of its projects and programs.
SWH manufacturers & taxes: IIEC through its regional branch office in Philippines has
obtained and able to present information on design and installation related aspects of
SWH systems in the country. The installations are spread over all regions in the country
and attributed to the individual manufacturers and suppliers of SWH systems. A few local
manufacturers are present in the country and many import raw materials and components
and assemble locally. Major imports into the country are from Australia. The
Government of the Philippines has introduced several tax incentives or rebates for
manufacturers, fabricators and suppliers promoting renewable energy technologies
including solar water heaters in the country. The benefits include
•

7 year Income Tax Holiday (ITH)

•

10 year Tax and Duty-free Importation of Components Parts and Materials

•

Zero Percent Value-Added Tax transactions

•

100% Tax Credit on Domestic Capital Components, Parts and Materials

Potential market for SWH installations: The potential market for SWH installations
are high-income earning residential consumers, hotels, hospitals and tourism industry.
The survey conducted by The Philippine Department of Energy on Inventory of RE
Technologies (2001) revealed that about 433 solar water heaters were installed; however
collector area information is not available 5 . These were installed in resorts, sports
complexes, hotels, restaurants, sauna baths, and in high-income residential areas where
hot water is used for dishwashing and bathing. After this study; there is no estimate
available on the industry growth. Installed capacity of systems usually range between 200
and 400 Litres (prefabricated systems) for residential customers (75% of total
installations).
Types of SWH systems widely adopted & key system components: Both flat plate
type collectors and evacuated tube type collectors are equally popular in Philippines. For
single unit residential houses flat plate collectors using passive thermo-syphon systems
are installed.

Active solar heating systems using pumps and controls are generally

5

Inventory of RE Technologies, The Philippine Department of Energy.
http://www.doe.gov.ph/er/RE%20tables%20pdf/inventory%20of%20re%20tech.pdf.
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installed in large buildings with some architectural constraints. Balcony-hung
installations are observed in residential condominiums with a shortage of roof space.
Evacuated tube collectors are adopted mostly for industrial and commercial use requiring
temperature above 60ºC. Closed circuit design is observed in areas with poor water
quality especially in rural areas. The solar water heating systems require a backup heating
system and the most common backup used in the market are electric storage water heaters.
Flat plate collector/ Evacuated tube collector, storage tank, circulating pump and
mounting structure are the key components of a typical SWH system.
Product certifications, training of planners & installers: The Bureau of Product
Standards (BPS), Republic of the Philippines directly adopted

International

Standardization Organization (ISO) standards of solar water heaters for the Philippines6.
These product standards are not mandatory and so there is no quality check on
manufacturing standards of SWH systems. Any systems can be installed, irrespective of
manufacturing standards and choice of individual manufacturer’s installation practices.
Generally, the manufacturer/supplier firm itself provides installation and commissioning
services. Maintenance services are provided during the guarantee period and also provide
Annual Maintenance and Contract services. There are no training programs for planners
or installers in the country.
Design and installation practices: Upon interest expressed by the site owner for
installation of SWH system for the premises, the key steps are as follows: Site survey (for
verifying suitability of the technology for the intended purpose and site conditions);
Sizing of the system; plumbing work; installation and commission. The procedures are
explained in detail in Annexure I.

6

The product standards for solar water heaters are discussed in “Assessment of Country Standards” report,
the next deliverable under the SSFA contract.
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Philippines
• High-income earning residential consumers, hotels, hospitals and tourism industry
are the potential markets of SWH Installation
• Both Flat plate type collectors and Evacuated Tube Collectors are equally popular
in Philippines
• Manufacturers/ Suppliers also provide Installation, Commissioning services
and Maintenance services during Guarantee period
• Site Survey, Sizing of the System, Plumbing Work form Major Components of
Installation and Commissioning of SWH Systems

2.5 Vietnam
The solar water heaters industry in Vietnam has its roots since 1990, when some well to
do domestic consumers imported SWH systems for their bungalows from neighbouring
China. The systems were exorbitant and it was very difficult to grab attention of the
community and create a market. In 1996, Renewable Energy Research Centre (RERC) of
the Hanoi University, Ho Chi Minh City University and Technology and Solar
Laboratory of Institute of Energy, Vietnam has undertaken research on SWH for their
applicability in households, hospitals, day-care centres, clinics and workshops. Since then
Government of Vietnam and solar water heater suppliers have been promoting the
technology through awareness and incentive programs.
SWH manufacturers & taxes: IIEC through its regional branch office in Thailand has
obtained and able to present information on design and installation related aspects of
SWH systems in the country. Vietnam SWH market is dominated by imports from
countries like China, Korea, and Japan. Many firms, which are into other renewable
energy businesses in the country, import SWH systems based on demand and provide
installation services to the customers. There are a very few manufacturers of SWH in
Vietnam, who import raw materials for collectors but manufacture other components and
collectors within the country. In all about 100 SWH providers are in this business in the
country, mainly in South Vietnam (Ho Chi Minh City) having about 70% of the
installations of the country. There are no tax or customs incentives on installation or
purchase of SWH systems in Vietnam.
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Potential market for SWH installations: About 3.8 million SWH systems were
installed by 2006 in Vietnam7. Evacuated tube type SWH installations in the domestic
sector has large share out of SWH business in the country. The annual growth rate of
SWH installations in Ho Chi Minh City was recorded to be 40-50% since 2008 in
response to the government’s financial incentive scheme. Vietnam has targeted to install
1,760,000 m2 of collector area for SWH by 2015 and 9,100,000 m2 of collector area by
2025.
Types of SWH systems widely adopted & key system components: Evacuated tube
type collectors are popular in Vietnam. Usually the systems are prefabricated, passive
thermo-syphon and open systems of the capacities in the range of 150 to 500 Litres.
Evacuated tube collector, storage tank, and mounting structure are the key components of
a typical SWH system.
Product certifications, training of planners & installers: SWH systems in Vietnam
need not comply with any product standards or mandatory certifications. Any systems
can be installed, irrespective of manufacturing standards and choice of individual
manufacturer’s installation practices. Generally, the manufacturer/supplier firm itself
provides installation and commissioning services. Maintenance services are provided
during the guarantee period and also provide Annual Maintenance and Contract services.
The country does not have any training programs for planners and installers of SWH
systems. The quality of installation is not up to the industry best standards.
Design and installation practices: Upon interest expressed by the site owner for
installation of SWH system for the premises, the key steps are as follows: Site survey (for
verifying suitability of the technology for the intended purpose and site conditions);
Sizing of the system; plumbing work; installation and commission. The procedures are
explained in detail in Annexure I.

7

Thai, V.V., 2006. Vietnam Energy Policy: Energy Investment and Climate Change. Available at:
http://www.unescap.org/esd/environment/climatechange/documents/Session%205/Mr.%20Thai_Viet%20N
am.pdf.
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Vietnam
• Vietnam SWH market is dominated by imports from countries like China, Korea,
and Japan
• Annual growth rate of SWH installations in Ho Chi Minh City was recorded to be
40-50% since 2008
• Pre-fabricated, passive thermo-syphon, open systems are widely used SWH
systems
• Manufacturers/ Suppliers also provide Installation, Commissioning services
and Maintenance services during Guarantee period
• Site Survey, Sizing of the System, Plumbing Work form Major Components of
Installation and Commissioning of SWH Systems
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3 Economic evaluation of SWH applications
The general tendency of customers is to make purchase decisions based on initial costs of
products. However, the initially cheaper products may cost more over their life time
when compared to other similar products and different technology. This concept of life
cycle cost evaluation absolutely applies to solar water heaters in comparison to water
heating technologies using electricity, fossil fuels etc. The common principles of life
cycle cost evaluation applicable for evaluating SWH systems in any country are provided
in Annexure II. Though the initial cost of SWH is fairly high, is recovered through
savings in energy bills over a period of time.
The financial evaluation of sample SWH systems installed is discussed below.
Bangladesh case study
In Bangladesh, the important factors considered while evaluating viability of using solar
energy for water heating applications in a facility are the availability of reliable electricity
supply8, the loss encountered due to unreliable power supply and unit cost of fuels which
solar energy is going to replace. The following is an example to understand payback
period of the investment in SWH system.
•

Type of customer: Commercial (Mermaid Eco Resort)

•

Year of installation of SWH system: 2010

•

Fuel used prior to installation of SWH: Electricity

•

Size of SWH system: 300 Litres

The following graph shows cumulative cash flow analysis of this system using simulation
software tool RETScreen (developed by Retscreen International Clean Energy Support
Centre).

8

Annual Report: 2008-2009; Bangladesh Power Development Board, Bangladesh Power Development
Board. Available at: http://www.bpdb.gov.bd/download/Annual%20Report-10.pdf.
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Figure 2 – Cumulative cash flows of sample 300 Litres SWH system in Bangladesh

The facility will receive positive cash inflows after 3.5 year of installation through
avoided electricity usage for water heating applications.
Sri Lanka case study
In Sri Lanka, the important factors considered while evaluating viability of using solar
energy for water heating applications in a facility are the availability of reliable electricity
supply, the loss encountered due to unreliable power supply and unit cost of fuels which
solar energy is going to replace and return on investment. The following is an example to
understand payback period of the investment in SWH system.
•

Type of customer: Residential (Independent house)

•

Year of installation of SWH system: 2006

•

Fuel used prior to installation of SWH: Electricity

•

Size of SWH system: 100 Litres

The following graph shows cumulative cash flow analysis of this system using simulation
software tool RETScreen (developed by Retscreen International Clean Energy Support
Centre).
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Figure 3 – Cumulative cash flows of sample 100 Litres SWH system in Sri Lanka

The facility will receive positive cash inflows after 5 years of installation through
avoided electricity usage for water heating applications.

Thailand case study
In Thailand, the important factors considered while evaluating viability of using solar
energy for water heating applications in a facility are unit cost of fuels which solar energy
is going to replace and return on investment. Given below is an example showing the
payback period of the investment in SWH system.
•

Type of customer: Commercial (Hotel)

•

Year of installation of SWH system: 1988

•

Fuel used prior to installation of SWH: Electricity

•

Size of SWH system: 10,000 Litres

The following graph shows cumulative cash flow analysis of this system using simulation
software tool RETScreen (developed by Retscreen International Clean Energy Support
Centre).
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Cumulative cash flows US $
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Figure 4 - Cumulative cash flows of sample 10000 Litres SWH system in Thailand

The facility will receive positive cash inflows after 5 year of installation through avoided
electricity usage for water heating applications.

The Philippines case study
In Philippines, the important factors considered while evaluating viability of using solar
energy for water heating applications in a facility are unit cost of fuels which solar energy
is going to replace, incoming temperature of water and return on investment. The
following is an example to understand payback period of the investment in SWH system.
•

Type of customer: Commercial (Hotel)

•

Fuel used prior to installation of SWH: Electricity

•

Size of SWH system: 8,000 Litres

The following graph shows cumulative cash flow analysis of this system using simulation
software tool RETScreen (developed by Retscreen International Clean Energy Support
Centre).
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Figure 5 - Cumulative cash flows of sample 10000 Litres SWH system in Philippines

The facility will receive positive cash inflows approximately after 2 years of installation
through avoided electricity usage for water heating applications.
Summary of Above Sample Case Studies
Country

Parameters considered for

Installation details

financial evaluation
• availability of reliable

Eco Resort)

• productivity loss due to

• SWH system since 2010

unreliable power supply

• Avoided fuel: Electricity

• unit cost of fuels which solar

Litres

• availability of reliable

• Residential (Independent

electricity supply

house)

• productivity loss encountered
due to unreliable power supply
• unit cost of fuels which solar

• SWH system since 2006
• Avoided fuel: Electricity

5

• Size of system: 100

energy is going to replace

Litres

• return on investment
Thailand

3.5

• Size of system: 300

energy is going to replace

Sri Lanka

period (years)

• Commercial (Mermaid

electricity supply
Bangladesh

Payback

• unit cost of fuels which solar

• Commercial (Hotel)

energy is going to replace

• SWH system since 1988
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• return on investment

• Avoided fuel: Electricity
• Size of system: 10,000
Litres

• unit cost of fuels which solar
Philippines

• Commercial (Hotel)

energy is going to replace

• Avoided fuel: Electricity

• incoming temperature of water
• return on investment

2

• Size of system: 8,000
Litres

4 Solar Water Heaters – Country successes
4.1 Bangladesh
Solar water heating technology was known in Bangladesh since 1990s. The initial efforts
were targeted towards studies on suitability of SWH technology to the country’s climatic
conditions. Since then, the country’s focus is on continuous research and development of
low cost, high quality SWH systems suitable for Bangladesh conditions. The research and
academic organizations such as Renewable Energy Research Centre (RERC) of
Bangladesh University and Institute of Fuel Research & Development (IFRD), Centre for
Mass Education in Science (CMES), Local Government Engineering Department
(LGED) played very important role in development of the technology to the present state.
A few milestone projects/initiatives for promotion of SWH systems in Bangladesh are
discussed below.
1. Feasibility Study and R&D on Renewable Energies by IFRD: IFRD of
Bangladesh Council of Scientific and Industrial Research (BCSIR) have undertaken
"Feasibility Study on R&D of Renewable Energy (Solar, Wind, Micro, and Mini
Hydro)9". The aim of the project is to generate data and information to study the
possibility of natural solar, wind and micro hydro power applications in Bangladesh
either for water pumping or for generation of electricity particularly in remote and
off-shore islands. And, as a part of the project solar data – sunshine, radiation,
temperature, humidity data have been collected for 3 regions namely Dhaka, Tecknaf
and Sailo propat, Bandarban which was also useful for solar water heaters research
activities in the regions.
9

M. Islam, Utilization of Renewable Energy Technologies in Bangladesh, 1st ed. Shakti, 2002.
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2. Solar and Wind Energy Resource Assessment (SWERA) by UNEP: The SWERA
programme funded by UNEP is developed in order to provide easy access to high
quality renewable energy resource information and data to users all around the world.
RERC being the Bangladesh country focal point for SWERA project, the renewable
energy related data is now made available on SWERA website10. Bangladesh was
included in the first phase of the project implemented with GEF funds during July
2001 to July 2004. In a country like Bangladesh where information or data
dissemination is not a usual practice, this programme helped facilitate renewable
energy policy and investment by making the high quality information freely available
to key user groups. This enables the selection of a particular location on the map and
obtaining Direct Normal Irradiance, Global Horizontal Irradiance, Latitude Tilt
Irradiance, wind speed, air temperature, earth skin temperature, cooling degree days,
heating degree days, atmospheric pressure and relative humidity.
3. Sustainable Rural Energy (SRE) Project by LGED: The SRE project has been
conceived by LGED within the overall framework of the Sustainable Environmental
Management Program (SEMP) being implemented by the Ministry of Environment
and Forest (MOEF) with financial assistance from the UNDP. The twin objectives of
SRE component under SEMP are technology demonstration and technology transfer
in the field of renewable energy in Bangladesh. Under technology demonstration
component, three vacuum tube solar water heaters and one flat plate solar collector
were installed at different locations of the country. The idea was to replicate the
model in hotels, hospitals and domestic users. The SRE developed the “Renewable
Energy Information Network (REIN)

11

”, with the objective of providing a

comprehensive information platform for RETs. Though there was no special mention
of SWH it was emphasized in the network activities; this network was designed and
tailored to help energy planners, project developers, researchers and all relevant
organizations in developing RET projects and promotion of renewable energy
utilization in Bangladesh. REIN website acts as an information hub of renewable
energy sector in Bangladesh. Recently German Technical Cooperation GTZ offered
10
11

http://swera.unep.net/
REIN website: http://www.lged-rein.org/index.php
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to upgrade the website. Any institution working on renewable energy or interested on
renewable energy, can become members of Renewable Energy Information Network
(REIN).

4.2 Sri Lanka
The National Engineering Research and Development (NERD) Centre is the pioneering
institute in carrying out studies of solar thermal applications in Sri Lanka during 1970s.
The NERD at Ekala Industrial Estate has its own laboratories, workshops to undertake
R&D, and testing work for solar thermal technologies. By 1980s the institute was
successfully manufacturing SWH from locally available materials. In the span of 20 years,
about 80,000 SWH systems have been installed all over the country. The popular sizes
are between 150 to 300 L.
The growth of SWH industry in Sri Lanka is mainly attributed to the efforts of
manufacturers, research institutions in the country and though it is not the Government’s
priority. Till now the country does not have any large scale or nation-wide
initiatives/programs for promotion of solar water heaters.

4.3 Thailand
Solar water heating technologies began in Thailand in the early 1980s when the
Department of Alternative Energy Development and Efficiency (DEDE) installed SWH
systems having a total of 352 m2 of collector area in 6 hospitals, a hotel and a small scale
industry. The collectors were of glazed and/or unglazed flat plate collectors. The industry
grew slowly, with a greater portion of imported products from Australia, Germany and
Israel and a small slice of local manufacturing. With improper installations and
maintenance activities and lack of efficient system design by service providers, the
customers lost faith in the longevity of the technology. Later, towards the end of 1990s
the Asian economic crisis hit the industry. The SWH industry was severely affected, even
after the Thai government introducing a financial incentive scheme for promotion of
SWH systems in residential sector. Starting 2000, the Thai government has been assisting
the SWH industry through a combination of new quality standards, training programs for
better quality installations, incentive programs and tax benefits and impact of this
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assistance is observed through increase in number of installations. A few milestone
projects/initiatives for promotion of SWH systems in Thailand are discussed below.
1. School of Renewable Energy Technology (SERT), formerly known as Solar Energy
Research and Training Centre was established in 1995, as an autonomous state centre
to develop renewable energy technologies to serve the energy needs of developing
countries in Southeast Asia. SERT is located at Naresuan University, Phitsanulok,
Thailand. Solar Thermal Research Unit is one of the effective sections of SERT.
The unit aims to produce and develop the knowledge, and technology in the solar
thermal field, publishes a journal, and provides academic services in this field in
order to address the problems resulting from the energy crisis and leading to climate
change. Solar Thermal Research Unit is working with both private and governmental
sectors in both national and international organizations.
2. Establishment of Thai Solar Thermal Association: The Solar Thermal Association
was established in January 2008, with 19 local manufacturers in solar thermal
business as founding members. The aim of the association is to act as single point
contact for government on solar thermal applications, public awareness on solar
thermal technologies and manufacture of quality products.
3. Training and Technology Transfer of Solar Thermal Energy: Government of
Thailand with assistance from German Technical Corporation (GTZ) has been
implementing Training and Technology Transfer program of Solar Thermal Energy in
the country.
Under Solar Heat in Agro Industry Program, GTZ will work with DEDE during
2009-2011 and cover the following activities:
•

General understanding of solar thermal applications

•

Design and installation practices for suppliers and contractors

•

Operations and maintenance for owner of the system

•

Technology knowhow for local manufacturer to improve quality of products

4. Draft document on Long Term Alternative Energy Planning 2008-2022: As per
the directives of the plan, the targets for solar thermal promotion are tabulated below.
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Table 1 - Solar thermal targets in Long term alternative energy planning 2008-2022
Short term
2008-2011
Promotion of the use of hybrid
SWH
• Subsidy program
• Funding for studies
Demonstration of hybrid SWH
in 100 government offices
R&D for small SWH
R&D to reduce cost of SWH
components
Testing facility

Medium term
2012-2016

Long term
2017-2022

Promote use of
small SWH
systems
Demonstration of
small SWH

Building
code for
SWH

Technology
transfer

4.4 The Philippines
Most of the government programs promoting application of solar energy are in
photovoltaic systems for decentralized power generation and not on solar water heating
applications. The country does not have any noticeable nation-wide or large scale
projects/promotional activities for SWH industry in the Philippines.

4.5 Vietnam
Because of its proximity to China, the Vietnamese were introduced to SWH technology
in the 1990s when a few affluent domestic consumers imported SWH from neighbouring
China. Renewable Energy Research Centre (RERC) of Hanoi University, Ho Chi Minh
City University and Technology and Solar Laboratory of Institute of Energy were the
pioneer institutions in conducting research on SWH applications in the country. Without
any exclusive marketing for uptake of the technology, in span of 16 years the total
installation in the country hit 3.8 million (70% of installations in South Vietnam). The
annual sales during 2010 are approximately 40,000 units of which 85% are have capacity
between 150 and 200 Litres. The Government of Vietnam has started strategic planning
to further harness solar energy and reduce the electrical water heating load. Vietnam aims
to develop 1,760,000 m2 of collector area for SWH by 2015 and 9,100,000 m2 of
collector area by 2025. Various projects are initiated for promotion of SWH systems in
Vietnam to meet the country targets and a few of them are discussed below.
1. Ho Chi Minh City Program: Energy Department of Ministry of Industry & Trade
(MoIT) jointly with Electricity of Vietnam (EVN) and the city’s People’s Committee
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has developed a financial incentive program. Under the program, about 30,000
Evacuated Tube Collector type SWH systems will be funded during August 2008 and
July 2013 at a flat discount of USD 52 per system.
a. Start and end date: August 2008 – July 2013
b. Number of SWH systems to be installed under the program: 30,000
c. Type of SWH system: Evacuated tube collector type SWH systems
d. There is no mandatory certification for the product to avail financial
assistance under this program
e. Awareness

programs:

Manufacturers

campaign

through

newspaper

advertisements and product displays at exhibitions
f. Financial scheme: A flat discount of USD 52 per system installed.
g. Success factors: This discount made the cost of SWH system affordable
especially to new residential buildings and motivated customers at great scale.
2. Vietnam Energy Efficiency Program: Energy Department of MoIT with services
from Son Ha International Corporation has started a pilot project in 2010 to install
solar water heaters with industrial scale in 12 border posts of 2 provinces (Thua Thien
Hue and Hai Phong) of the country with capacities 15 to 20 thousand litres. The hot
water is for the use of border posts working activities and soldier’s homes.
a. Start and end date: 2010
b. Number of SWH systems to be installed under the program: 15 to 20 thousand
litres in 12 border posts and 2 provinces
c. Type of SWH system: Evacuated Tube Collector type SWH systems
d. There is no mandatory certification for the products installed under the
program
e. Awareness programs were not undertaken
f. Financial scheme: Cost sharing by Energy department of MoIT
g. Success factors: not known
3. Promoting use of SWH in urban communities of Hanoi: Under Small Grants
Programme of UNDP, Women’s Union of Hanoi City is implementing a
demonstration project in Hai Ba Trung District in Hanoi. The project operational
phase is October 2009 to April 2011. The immediate objectives of the program are:
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a. To introduce and develop demonstration model for use of solar water heaters
in households and public service sector with appropriate design, installation
and operation protocols.
b. To enhance awareness and strengthen knowledge and technical capacity for
the community, the local government and social organizations so that the
models can be replicated.
c. Document lessons learnt and produce guidelines on the demonstration models
to enable nation-wide multiplication.
4. Develop strategic approach to increase penetration of SWH in Vietnam:
International Copper Association Southeast Asia Ltd as part of its electrical energy
efficiency programs (designed to maximize copper's contribution to energy
conservation, environment friendliness, safety and effectiveness of sustainable
generation, transmission, distribution and usage of electrical energy) along with MoIT
and Energy Conservation Centre of Ho Chi Minh City has planned to develop
programs for SWH promotion during and after 2010.
Below is a chart to summarize various organizations involved at various stages
development/ promotion of SWH systems in the five countries. Where ever none of the
organizations are dedicated to the particular identified area of SWH development, it is
recommended to identify such organizations in these countries.
Parameter

Bangladeh

Sri Lanka

Thailand

Philippines Vietnam

Apex body

SEDA

SLSEA

DEDE

UPSL

Research

& RERC, CMES, NERD

SRET,

AIT,

Testing

IFRD, LGED

CMUTT, CMU

Marketing

LGED

TSTA

EVN, MoIT
RERC

ECC
HCMC

Training
Standards

DEDE
&

TISI

BPS

Certification
Note: Abbreviations of the institutions and web links are in Annexure IV
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Summary:
Of the five regional countries chosen in the framework of the SSFA, Thailand and
Vietnam have been able to successfully complete/ implement large scale promotional
activities for SWH systems. This made the installation of solar energy for water heating
purposes popular. In case of Bangladesh, Sri Lanka and Philippines no such projects were
taken up. These countries should undertake nationwide programmes to demonstrate that
SWH in residential, commercial and industrial environments as a technically feasible
proposition and economically attractive one too.
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5 Conclusions and recommendations
The following table summarises the present condition of SWH in these countries under reference and the recommendations for each.
Parameter

Bangladesh

Present Condition

Status on
number of
installation
Recommendation

Design and
feasibility
studies,
installation
practices

Present Condition

No estimate
available

Activity to find
status of the
technology through
combination of
surveys, sales/year,
imports/year etc.

Use of only
prefabricated
systems, no
knowledge of
simulation software
for system design

Sri Lanka

Thailand
Collector area:
50,000 m2 (1996)
80,000 systems. No
No recent estimate
estimate on covered
on the number of
collector area
installations/
collector area
Distribution of size
of systems has to
be maintained
along with the
number in
association with
local manufacturers
and suppliers
Large use of
prefabricated
systems, few
manufacturers
aware of building
customized large
systems, no
knowledge of
simulation software
for system design
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Philippines

Vietnam

433 systems (2001)
No recent estimate
on the number of
installations/
collector area

3.8 million systems
(2006) No estimate
on covered
collector area

Recent estimate for
market status
should be made.

Through
combination of
surveys, sales/year
from
manufacturers,
imports/year from
suppliers this
numbers should be
estimated.

Along with the
number of systems
sold, collector area
information should
also be recorded.

Expertise to install
custom built large
systems is
improving and
system design
using simulation
software is
available

Large use of
prefabricated
systems, few
manufacturers
aware of building
customized large
systems, no
knowledge of
simulation software
for system design

Large use of
prefabricated
systems, few
manufacturers
aware of building
customized large
systems, system
design using
simulation software
packages is under
practice
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Parameter

Recommendation

Bangladesh

Sri Lanka

Institute a plan to
train planners and
installers the
conducting design
and feasibility
studies and the use
of simulation
software.

Institute a plan to
train planners and
installers in
conducting design
and feasibility
studies and the use
of simulation
software.

35

Thailand
As the trainers are
trained now, an
accredited
certification
program should be
introduced for
planners and
installers in
conducting design
and feasibility
studies and the use
of simulation
software.

Philippines

Vietnam

Institute a plan to
train planners and
installers the
conducting design
and feasibility
studies and the use
of simulation
software.

Institute a plan to
train planners and
installers the
conducting design
and feasibility
studies and the use
of simulation
software.
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Parameter
Training for
planners,
installers

Bangladesh

Sri Lanka

Present Condition

Not available

Not available

Recommendation

Institute a plan to
train planners and
installers on best
practices

Institute a plan to
train planners and
installers on best
practices

Present Condition

Exempt from
custom duties and
Value Added Tax
(VAT)

Not available

See if further or
other tax
concessions are
necessary.

Suitable Tax
exemptions should
be provided
depending upon the
commercial needs
of the business
community

Incentives on
tax duties

Recommendation
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Thailand
2 training programs
(2010 & 2011)
Institute a plan to
train planners and
installers on best
practices
100% tax
exemption is
applicable from
1st-8th year and
50% tax exemption
from 9th-13th of
product purchase.

See if further or
other tax
concessions are
necessary.

Philippines

Vietnam

Not available

Not available

Institute a plan to
train planners and
installers on best
practices
The benefits
include: 7 year
Income Tax
Holiday (ITH), 10
year Tax and Dutyfree imports, 0%
VAT transactions,
100% Tax Credit
on components

Institute a plan to
train planners and
installers on best
practices

See if further or
other tax
concessions are
necessary.

Not available

Suitable Tax
exemptions should
be provided
depending upon the
commercial needs
of the business
community if these
are not available
now.
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Parameter

Bangladesh

Sri Lanka

Present Condition

Residential, resorts,
tanneries

Residential, hotels,
resorts

Recommendation

Seek other potential
markets such as
institutions,
hospitals, textile
mills, and industrial
users.

Seek other potential
markets such as
institutions,
hospitals, textile
mills, and industrial
users.

Seek other potential
markets such as
institutions,
residential users.

Existing

Evacuated tube,
passive, open
systems

Flat plate type,
passive, open
circuit systems

Flat plate type,
open circuit, active
systems

Recommendation

Promote the system
that is suitable for
the application.

Promote the system
that is suitable for
the application.

Promote the system
that is suitable for
the application.

Present Condition

Availability of
reliable electricity
supply, and unit
cost of fuel saved

Availability of
reliable electricity
supply, return on
investment and unit
cost of fuel saved

Return on
investment and unit
cost of fuel saved

Potential
markets

Type of SWH
systems

Factors for
financial
viability
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Thailand
Residential, hotels,
resorts, hospitals,
industries

Philippines

Vietnam

Residential, hotels,
resorts

Residential, hotels,
resorts, hospitals

Seek other potential
markets such as
institutions, textile
mills, and industrial
users.

Seek other potential
markets such as
institutions, textile
mills, and industrial
users.

Evacuated tube/flat
plate collector type,
passive, open
systems
Promote the system
that is suitable for
the application.
Return on
investment,
incoming
temperature of
water and unit cost
of fuel saved

Evacuated tube,
open/closed circuit,
passive systems
Promote the system
that is suitable for
the application.
Return on
investment,
incoming
temperature of
water and unit cost
of fuel saved

Assessment of Solar Water Heating Country Successes
Parameter

Bangladesh

Present Condition
Policy
interventions

Recommendation

Sri Lanka

Thailand

Philippines

Renewable Energy
Policy (REP) 2008
mentions to
promotion of SWH,
necessary planning
is missing

Not available

Long term
alternative energy
planning (20082022) sets phase
wise targets

Not available

Plan for the
implementation of
the Policy

Establish a policy if
it does not exist and
then establish
mechanism to
review targets and
to remove
bottlenecks

Establish
mechanism to
review targets and
to remove
bottlenecks

Establish a policy if
it does not exist and
then establish
mechanism to
review targets and
to remove
bottlenecks
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Vietnam
National Strategic
Program on Energy
Savings and
Effective Use
(2005) identifies
SWH as a
promising measure
to meet targets of
Vietnam National
Energy Efficiency
Program (VNEEP)
Establish
mechanism to
review targets and
to remove
bottlenecks
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Parameter

Product
standards &
certification

Bangladesh

Sri Lanka

Thailand
Standards available
but not mandatory12

Present Condition

Not available

Not available

Recommendation

First establish
Standards
borrowing them if
necessary from
other countries with
similar conditions
of climate,
economy etc., then
set up a mechanism
to implement the
standards.

First establish
Standards
borrowing them if
necessary from
other countries with Set up a mechanism Set up a mechanism
similar conditions
to implement the
to implement the
of climate,
standards.
standards.
economy etc., then
set up a mechanism
to implement the
standards.

12 Website: “Thai Industrial Standards Institute (TISI)”, n.d., http://www.tisi.go.th/eng/index.php.
13

Source: A representative from Bureau of Product Standards, Philippines, http://www.bps.dti.gov.ph/
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Philippines
Standards available
but not mandatory13

Vietnam
Not available
First establish
Standards
borrowing them if
necessary from
other countries with
similar conditions
of climate,
economy etc., then
set up a mechanism
to implement the
standards.
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Parameter

Present Condition
In-country
testing
facilities
Recommendation

Bangladesh
Independent testing
facility, but not to
test individual
SWH systems of a
manufacturer14

Sri Lanka

Thailand

Available, but not
functioning on full
scale15

Available, but
intermittent
functioning delays
product testing16

Establish
independent
testing facilities
and make them
available to all
manufacturers.

Establish
independent
testing facilities
and make them
available to all
manufacturers.

Establish
independent
testing facilities
and make them
available to all
manufacturers.

14

Philippines
Independent testing
facility, but not to
test individual
SWH systems of a
manufacturer17

Vietnam

Establish
independent
testing facilities
and make them
available to all
manufacturers.

Establish
independent
testing facilities
and make them
available to all
manufacturers.

Sardul Islam and Mazharul Islam, “Status of Renewable Energy Technologies in Bangladesh”, n.d.,
http://www.isesco.org.ma/ISESCO_Technology_Vision/NUM01/A.K.M.%20Sadrul%20Islam/A.K.M.%20Sadrul%20Islam.pdf.
15
Source: A representative from Alpha Thermal Systems Pvt Ltd, Sri Lanka
16
Soltherm Thailand project report funded by EU-Thailand Economic Cooperation Small Project Facility (EU-SPF)
17
Reference: IIEC Branch office in Manila
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Bangladesh

Parameter

Present Condition

No specific
marketing and
awareness
programs

Recommendation

Establish a welldesigned
marketing
programme in
consultation with
manufacturers.

Marketing &
awareness
programs*18

18

Sri Lanka
Manufacturers
campaign through
newspaper
advertisements,
seminars,
conference-cumexhibitions

Thailand
Road shows and
awareness
campaigns by
DEDE, pamphlets
distribution by Thai
Solar Thermal
Association (STA)

Philippines

Establish a welldesigned
marketing
programme in
consultation with
manufacturers.

Establish a welldesigned
marketing
programme in
consultation with
manufacturers.

Establish a welldesigned
marketing
programme in
consultation with
manufacturers.

No awareness or
marketing
programs

* Note: Links to some marketing programs and videos used for promotion of SWH in other countries are attached in Annexure III.
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Vietnam
Newspaper
advertisements,
conference-cumexhibitions,
awareness
programs by
manufacturers

Establish a welldesigned
marketing
programme in
consultation with
manufacturers.

Assessment of Solar Water Heating Country Successes
Country wise list of recommendations on several parameters have been provided in the
table above; however the order of priority in implementing a particular recommendation
varies from country to country. The below sections provide prioritized list of
recommendations in the selected countries.

5.1 Bangladesh
The recommendations for better penetration of SWH technology in the country in the
order of priority are listed below.
•

Establishment of a dedicated division/department under Power Cell, Government
of Bangladesh to act as focal point for nationwide developmental activities of
SWH.

•

The

scattered/individual

research

activities

of

various

academic

institutions/government organizations are to be assembled and assessed, which
later will be the basis for development of long-term plan or policy for SWH.
•

Activity to find status of the technology through combination of surveys,
sales/year, imports/year etc.

•

In support to the REP 2008, a strategic long-term plan for 15-20 years has to be
developed. The aspects to be covered under the plan can be:
o Encourage in-country manufacturing using experiences of research
institutions
o Establish independent testing facilities and make them available to all
manufacturers.
o To establish Standards first by borrowing them if necessary from other
countries with similar conditions of climate, economy etc., and then set up
a mechanism to implement the standards.
o To institute a plan to train planners and installers the conducting design
and feasibility studies, best practices and the use of simulation software.
o To seek other potential markets such as institutions, hospitals, textile mills,
and industrial users.
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•

Establish

a

well-designed

marketing

programme

in

consultation

with

manufacturers and make plans to promote SWH with ongoing Solar Home
System activities in the country.
•

A pilot program should be implemented to cover a minimum of 1000 m2 collector
area and disseminate the results throughout the country widely to motivate the
other customers.

5.2 Sri Lanka
The recommendations for better penetration of SWH technology in the country in the
order of priority are listed below.
•

Till-day SWH installations credit majorly goes to the NERD and NERD assisted
SWH manufacturers, who are promoting the technology themselves and proving
to the clients. If this is supported by SLSEA, the apex body for development of
EE & RE in Sri Lanka, it’s no longer difficult to expect an aggressive SWH
market growth in the country.

•

Considering an approximate 80,000 installations in place in Sri Lanka and high
TDS levels in cold water, its need of the hour to develop and mandate product
standards, quality labels and certification for local manufactured/imported units.
The product standards are to be made mandatory. First establish Standards
borrowing them if necessary from other countries with similar conditions of
climate, economy etc., and then set up a mechanism to implement the standards.

•

Establish independent testing facilities and make them available to all
manufacturers.

•

Develop suitable Tax exemptions depending upon the commercial needs of the
business community.

•

In addition to keeping track of no. of installation in a year, distribution of size of
systems has to be maintained along with the number in association with local
manufacturers and suppliers.

•

Institute a plan to train planners and installers in conducting design and feasibility
studies, industry best practices and the use of simulation software.
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•

Seek other potential markets such as institutions, hospitals, textile mills, and
industrial users.

•

In parallel, establish a policy if it does not exist and then establish mechanism to
review targets and to remove bottlenecks. Policy level intervention to make SWH
installation mandatory in new constructions.

•

A pilot program should be implemented to cover a minimum of 5000 m2 collector
area and disseminate the results throughout the country widely to motivate the
other customers.

5.3 Thailand
The recommendations for better penetration of SWH technology in the country in the
order of priority are listed below.
•

Nationwide targets and long-term plan has to be developed to proceed with
further development of SWH market in Thailand.

•

In addition to keeping track of no. of installation in a year, distribution of size of
systems has to be maintained along with the number in association with local
manufacturers and suppliers.

•

The major barrier in Thailand is – the customers lost faith on the technology
because of past installations which were improperly designed and installed and
stopped working in a few years. So, the recent efforts of DEDE to train solar
system installers and engineers have to be promoted to ensure efficient
installations in future. Once these Train-the-Trainer programs are completed, an
accredited certification program should be introduced for planners and installers
in conducting design and feasibility studies and the use of simulation software.

•

An efficient monitoring and evaluation program of the past and recent
installations has to be conducted. The results should be widely disseminated
through marketing and awareness programs, to showcase the customers and help
in regaining faith on the technology. Establish a well-designed marketing
programme in consultation with manufacturers.

•

Establish independent testing facilities and make them available to all
manufacturers.

44

Assessment of Solar Water Heating Country Successes
•

Set up a mechanism to implement and make the product standards mandatory.

5.4 The Philippines
The recommendations for better penetration of SWH technology in the country in the
order of priority are listed below.
•

A strategic long term plan has to be developed to promote SWH in the Philippines.
The plan should aim to implement capacity building, awareness, research &
development of manufacturing programs with planned policy and regulatory
control for quality control of the systems. The country can potentially become
manufacturing hub for SWH manufacturing, as it has already become a
manufacturing hub for solar PV, understanding the technical expertise it’s easy to
develop manufacturing of SWH systems.

•

Through combination of surveys, sales/year from manufacturers, imports/year,
total number of installation and distribution of sizes has to be estimated and
recorded on yearly basis.

•

Seek other potential markets such as institutions, textile mills, and industrial users.

•

Establish a nationwide policy and a mechanism to review targets and to remove
bottlenecks.

•

Establish independent testing facilities and make them available to all
manufacturers.

•

Set up a mechanism to implement the product standards may be through
incorporating them into building by-laws.

•

Institute a plan to train planners and installers the conducting design and
feasibility studies, industry best practices and the use of simulation software.

•

Establish

a

well-designed

marketing

programme

in

consultation

with

manufacturers.
•

A pilot program should be implemented to cover a minimum of 1000 m2 collector
area and disseminate the results throughout the country widely to motivate the
other customers.
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5.5 Vietnam
The recommendations for better penetration of SWH technology in the country in the
order of priority are listed below.
•

As the country already started executing pilot projects either through technical
assistance or with some financial incentives, should be followed by well
documentation of the findings from the projects that can be used extensively for
marketing of SWH and meet targets set by Vietnam Renewable Energy Master
Plan. Establish mechanism to review targets and to remove bottlenecks.

•

Product standards are missing in the country, which in future may become threat
to the industry as low quality products flow into the country. First establish
Standards borrowing them if necessary from other countries with similar
conditions of climate, economy etc., and then set up a mechanism to implement
the standards.

•

Policy level intervention to make SWH installations mandatory in new
constructions or incorporated in National Building Codes.

•

Establish independent testing facilities and make them available to all
manufacturers.

•

A central body to act as an apex body to various City Energy Management centres
has to be established exclusively for development of solar thermal industry.

•

Financial incentive programs are to be continued, till the market gains the
momentum.

•

Establish

a

well-designed

marketing

manufacturers.
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Annexure I
Key components of SWH system
Any SWH system broadly comprises of one or more collectors, hot water storage tank,
piping and water circulation components.

Solar Collectors
The component which absorbs the solar irradiance incident on the surface and transfers to
the fluid is called solar collector. The collectors are available in different configurations
using different techniques to absorb solar irradiance. The following table shows different
types of solar thermal collectors and the temperature ranges achievable. Flat plate (glazed
and unglazed) and evacuated tube type collectors are popularly used for service water
heating applications in domestic, commercial and industrial sectors.
Table 2 – Types of solar thermal collectors
Configuration

Picture
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Collector
Solar Pond

Achievable
Temp °C
30-70

Unglazed Flat Plate

40-60

Glazed Flat Plate

60-120

Evacuated Tube

50-180
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Configuration

Picture

Collector
Fix Concentrated

Achievable
Temp °C
100-150

Parabolic Trough

150-350

Parabolic Dish

250-700

Central Receiver

500-3000

N/A

Flat plate type solar collectors
Flat-plate collector consists basically of an insulated metal box with or without a glass or
plastic cover (the glazing) and a dark-colored absorber plate. Solar radiation is absorbed
by the absorber plate and transferred to a fluid that circulates through the collector in
tubes. Circulating fluid can be either air (air based collector) or water (water based
collector). Flat-plate collectors heat the circulating fluid to temperatures best suited to
applications where the demand temperature is 30-70°C.
Liquid-based collectors may be glazed (with glass or plastic cover) or unglazed (without
plastic cover). Glazed liquid collectors are the commonest type of solar collector for
providing domestic and commercial water and for heating indoor swimming pools and
unglazed

collectors are

most

often

used

for

heating

outdoor

pools.

Absorber plates are commonly painted with "selective coatings," which absorb and retain
heat better than ordinary black paint. Absorber plates are usually made of metal -
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typically copper or aluminum - because the metal is a good conductor of heat. Copper is
more expensive, but is a better conductor and less prone to corrosion than aluminum.

Figure 6 – Flat plate solar collector

Flat collectors can be mounted in a variety of ways, depending on the type of building,
application, and size of collector. Options include mounting on a roof, in the roof itself,
or free-standing.
Evacuated tube type solar collectors
Evacuated tube collectors are usually made of parallel rows of transparent glass tubes.
Each tube contains an outer glass tube and inner glass or metal tube attached to a fin as
the absorber. Air is removed, or evacuated, from the space between the two tubes to form
a vacuum, which eliminates conductive and convective heat loss. Under the right set of
circumstances, these collectors can achieve 50-180°C with energy conversion efficiency
as high as 90%. They can be an effective solution especially in regions where it is often
cloudy.
Evacuated tube collectors works in two ways – Direct flow and Heat pipe.
Direct flow evacuated tube collector consists of a group of glass tubes inside each of
which is a flat or curved Aluminium fin attached to a metal (usually copper) or glass
absorber pipe. The fin is covered with a selective coating that absorbs solar radiation well
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but inhibits radiative heat loss. The heat transfer fluid is water and circulates through the
pipes and gets heated up.

Direct flow Evacuated tube

Heat pipe Evacuated tube

Figure 7 – Working of Direct flow and Heat pipe Evacuated tube collector

Heat pipe evacuated tube consists of a metal (copper) heat pipe, to which is attached a
black copper absorber plate, inside a vacuum-sealed tube. The heat pipe is hollow and the
space inside is evacuated. Inside the heat pipe is a small quantity of liquid, such as
alcohol or purified water plus special additives. The vacuum enables the liquid to boil (i.e.
turn from liquid to vapor) at a much lower temperature than it would at normal
atmospheric pressure. When solar radiation incidents on the surface of the absorber, the
liquid within the heat tube quickly turns to hot vapor rises to the top of the pipe. Water
flows through a manifold and picks up the heat, while the fluid in the heat pipe condenses
and flows back down the tube for the process to be repeated. These must be mounted
with a minimum tilt angle of around 25° in order to allow the internal fluid of the heat
pipe to return to the hot absorber.

Hot water storage tank
Storage tank is one of the key components in SWH system as it enables hot water supply
when solar energy is not available. Storage tanks are generally low pressure storage
tanks. The inner most layer of storage tanks are generally made of 100% stainless steel,
then covered by layer of Galvanized Iron/ Aluminium-Zinc coated steel and insulated
with polyurethane or fiberglass. Capacity of each storage tank in thermo-syphon systems
ranges from 160 litres to 1,000 litres depending upon hot water demand and building
structure and most of the times tanks are low pressure tanks. Sometimes, these thermo-
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syphon storage tanks may be equipped with back up electric water heaters. Custom made
high pressure tanks are used in forced circulation systems. In some evacuated tube
collector systems, a heat exchanger is equipped inside the storage tank.

Piping and plumbing components
In addition to inlet and hot water supply pipe lines, various temperature sensors,
controllers, circulating pumps, pressure and temperature relief valve, air vent valve,
tempering valves are also a part of any solar water heating system.
Inlet water pipelines
The inlet water stored in a tank is supplied to the SWH through pipes generally made of
Galvanized Iron (GI), polyethylene (PE), Polyvinyl Chloride (PVC), cross-linked
polyethylene (PEX).
Hot water pipelines
Hot water pipelines carry hot water generated from the SWH to the point of end-use
(water fixture) where hot water required. The hot water pipes should be insulated to
minimize heat losses. These are generally made of copper, Galvanized Iron (GI),
Polyvinyl Chloride (PVC), Polyethylene (PE), cross-linked polyethylene (PEX).
Temperature sensors
Multiple numbers of temperature sensors are mounted at the water storage tank and the
solar collectors. These are useful in monitoring water temperatures and communicating
with a solar controller module.
Solar controller module
The function of solar controller module is to determine the appropriate time to circulate
water from the hot water tank through the solar collectors.
Circulating pumps
Circulating pump is used to pump and circulate water between the solar collectors and the
hot water storage tank in a forced circulation system. It is controlled by the solar
controller module.
Temperature and pressure relief valve
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Temperature and pressure relief valve is installed on the hot water storage tank for safety
purpose. The valve is to control both temperature and pressure, releasing the water to the
atmosphere at predetermined settings.
Air vent valve
Air vent valve is provided at the solar collectors to avoid the piping becoming air bound,
purging un-wanted air in the water circulation loop.
Anti-scald mixing valve
Anti-scald mixing valve is installed to maintain a determined safe water temperature by
automatically balancing unequal water pressures or by thermostatically mixing of
unequal water temperatures.

Design of SWH systems
There is no ‘universal’ design for solar water heating systems. Site survey is the first and
essential step in the design of any solar water heating system.

Site survey
Upon interest of the site owner for installation of solar water heating system, an expert
from the solar water heating service provider will visit the site. The objective of site
survey is to determine and evaluate the suitability of the site for installation of SWH by
analyzing various factors including – Geographic region, water hardness, freezing issues
(hilly areas of North Vietnam), information on roof or ground for placing collectors,
storage tank location possibilities, load carrying capacity of the structure, hot water
demand, current services for hot water, shading and orientation of collectors etc. When
the site location is found suitable for installation of SWH, the service provider proceeds
to the selection of right technology and size of the system.

Selection of right technology
Generally, solar water heaters are available in two different technologies – flat plate
collector (FPC) and evacuated tube collector (ETC) technology. The technology selection
of SWH system depends on environment, and requirement of hot water, temperature
gradient and water quality.
Temperature gradient: Ambient (outdoor) atmospheric air temperatures during night
and day play an important role in selection of the right technology. In cold climatic
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conditions where ambient temperature reaches the freezing temperature of water,
performance of heat pipe based ETC based system is better as compared to FPC based
system and direct heating of water is not advisable in such conditions. It is recommended
that the customer should opt for heat pipe based ETC system or FPC based system with
heat exchanger, if the ambient temperature can go below 2ºC. The data from the Beijing
Solar Energy Institute given below illustrates this.
Table 3 – Efficiency and performance of FPC and ETC
Temperature difference (ºC)
FPC efficiency
ETC efficiency
Temperature difference (ºC)
FPC efficiency
ETC efficiency

0
0.74
0.59
40
0.52
0.49

10
0.68
0.56
45
0.49
0.48

15
0.66
0.55
50
0.46
0.46

20
0.63
0.54
55
0.43
0.45

25
0.6
0.53
60
0.41
0.44

30
0.57
0.51
70
0.35
0.41

35
0.55
0.5
80
0.3
0.39

The temperature difference refers to the difference between inlet temperature of the fluid
inside the solar collector and temperature of outdoor air. As the temperature difference
decreases, FPC performance is better and when the temperature difference increases,
ETC performance is better. It is clear that FPC shall perform better in hot climatic
conditions whereas ETC shall perform better in cold climatic conditions.
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Required temperature of hot water shall vary depending on application and accordingly
suitable technology must be selected. Following table provides general guideline for
selection of a suitable technology for various temperature applications.
Application

Technology

Low temperature application from 40ºC up to 80ºC

FPC / ETC

Medium temperature application from 80ºC to 120ºC

Heat pipe ETC

High temperature application from 120ºC to 250ºC

Solar concentrator

Low temperature commercial application (swimming pool)

FPC / ETC

Water quality:
•

Temporary hard water:

When temporary hard water is heated, dissolved material accumulates in different parts
of the collector system - called scale formation. Formation of scale is faster in FPC based
system than in ETC based system. In such kind of water, indirect heating through heat
exchanger is recommended. In case of indirect heating scale formation takes place at the
heat exchanger surface, which can be easily cleaned at periodic intervals. However,
newer technologies are coming in where inner surface of the collector tubes are treated
with special chemical to reduce scale formation.
•

Permanent hard water:

Permanent hard water does not create problem in the performance of FPC or ETC based
system. However, if the system remains filled with water during summer and is
overheated continuously, concentration of the dissolved solids goes up causing formation
of scale over a period of time.
•

Saline water:

Saline water corrodes mild steel, galvanized piping as well as stainless steel. Copper is
not affected to a great extent. Therefore, in saline atmosphere both FPC and ETC can be
used. However, stainless steel storage tank must be avoided. Instead mild steel storage
tank can be used with proper treatment and paint protection. Regular maintenance is
necessary in saline water conditions.
•

Acidic water:
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Acidic water is corrosive to mild steel, galvanized iron, copper and other metals. It is also
corrosive to stainless steel if the water contains sulphides, chlorides and fluorides. ETC
based systems should be used in such water conditions. However, such water quality is
rare.
•

Water with high turbidity:

Turbidity in water is because of high amount of suspended solids. These solids will settle
down slowly when the water stays for a long time in any container. These suspended
solids are often charged particles, which gets neutralized slowly in contact with metals
and slow settling takes place. Turbid water should be avoided in solar water heating
systems as it affects both FPC as well as ETC systems. If turbidity in water cannot be
avoided, periodic maintenance must be carried out for reliable and smooth operation of
the system.
•

Treated water (after removing hardness):

Water treatment is usually done before feeding into the boiler in order to remove
hardness. However, some hardness removal processes makes water saline, in which
scenario precautions of using saline water should be taken care of for both ETC and FPC.
Some softening processes like the popular ion exchange process does not increase salinity
and thus both FPC and ETC can be used.
•

Other environmental factors:

In areas where hail is common, ETC should not be used as glass tubes are likely to break
due to hail storm. Similarly in areas where animals like monkeys or cats frequent the
solar water heater installation area, glass tubes of ETC may break leading to system
shutdown. Therefore it is advisable not to use ETC based systems in these areas.
The summary of the points discussed above are listed in the following table.
Parameter
Temperature difference below 50oC

Flat plate collector

Evacuated tube collector







o

Temperature difference above 50 C
Temporary hard water
Permanent hard water

Indirect heating through heat exchanger is preferable






Saline water
Acidic water
Water with high turbidity
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Treated
water
(after
removal)
Frequent hail storms

hardness









Sizing of SWH system
It is extremely important to select the correct size of the solar water heating system. The
SWH sizing needs to be done based on the hot water requirements and the hot water use
habits of the people in a family. An under-sized system is insufficient to meet the hot
water requirement, an over sized system will result in overheating of the water. As backup system is required for cloudy days, it may be possible to manage with marginal back
up use in extreme weather to optimize the size of the system for use in the rest of the year.
Hot water is required mainly in the winter season and therefore the system should be
designed to meet the hot water requirement during winter.

Installation of SWH systems
Performance of solar water heater will depend largely on the proper installation of the
system. Following the proper installation guide is also important for the safety of the
installers during installation and safety of the people post installation.
•

Prefabricated solar systems: Prefabricated systems are sold as a single product
under a single brand name. These kinds of systems are sold as a package and are
ready for installation at sites. These are normally direct systems. If any of the
components of the prefabricated systems is altered, the system no longer remains a
prefabricated system. Generally these are available in the capacities of 75 to 1000
litres.

•

Custom built solar systems: Custom built system is normally built with a set of
components to meet the specific demand of the customer. Here each individual
component is tested separately as per the standard and then test results are combined
together to review the complete system.

Solar water heating systems can be Open or Closed (depending on means of water
heating) and Passive or Active (depending means of water circulation).
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Open solar water heating system:
An open system means the liquid that circulates to the
collector is same as the product water delivered to the
hot outlets. Open system is typically more efficient
and less costly as there is no heat exchanger needed.
However, open systems should be avoided in areas
where freezing is possible or common.

Closed solar water heating system:
A closed system means the liquid that circulates to
the collector is isolated from the product water. In
this, solar energy gained is transferred to the
product water through a heat exchanger. Typically
propylene glycol liquid is used as the circulating
media. Most of the times, closed systems operate
with circulating pumps.

Active solar water heating system:
An active system means circulating pumps are installed for circulation of product water
both on inlet and outlet side. In forced circulation, source of cold water supply can be at
any level as water shall be pumped into the system. It is recommended to use forced
circulation system where source of cold water is not placed at sufficient height. In case of
large systems also, it is recommended to have forced circulation system to attain
sufficient water pressure. Active systems can be open or closed, but almost always closed
system.
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Schematic of a Thermo-syphon (passive) system

Schematic of an active system

Passive solar water heating system:
Passive or thermo siphon system is the most widely used system. In thermo siphon
system, there are no circulating pumps and cold water will flow into the system due to
pressure difference. To create the pressure gradient, the source of the cold water must be
placed at least 7 feet or more, higher above the terrace level where solar water heater
system will be installed. Passive systems can be open or closed, but almost always an
open system.

Important things to remember for installation
•

While setting up collector banks, the installation should be done in such a way
that the shadow on one collector bank does not fall on the other, to get maximum
output.

•

Assembly of collectors should be installed in such a way that it is easy to do
regular and periodic maintenance.

•

Support structure should be stable, resistant to corrosion and angle of tilt must be
proper, must be anchored to the roof or ground firmly by cement concrete blocks
or anchor bolts. The anchoring must be sufficient to ensure that strong winds are
not able to topple the structure and solar collectors.

•

Plumbing:
o If GI pipes are used for cold water pipe line exposing to sunlight all the
time, there are chances that the galvanizing effect goes off and starts
corroding. To avoid this, GI pipes should be painted externally.
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Annexure II
Principles of Life cycle cost evaluation
There are many factors to be considered while evaluating life cycle cost of solar water
heating system. These factors are discount rate, inflation rate, fuel costs, operation and
maintenance cost and solar water heater service life. All these factors vary from country
to country based on fluctuations in the economy, government policies, and fuel costs
within the country.
Discount rate and Inflation rate: Discount rate is the rate used to calculate present
value of future cash flows. Inflation rate is a measure of real value of money.
Fuel cost: Switching over to solar water heating system is mainly to save on the alternate
fuel costs i.e. electricity, fuel oil, kerosene, Liquefied Petroleum Gas (LPG). The unit
costs of these fuels vary from time to time and place to place.
Operation and maintenance cost (O&M): O&M cost of solar water heating systems
should be calculated based on the system cost (collector, storage tank with necessary
plumbing interconnection and installation), taxes, regular and periodic maintenance cost
and depreciation costs. Sometimes, the manufacturer of the SWH system may be able to
provide expected O&M cost per litre of hot water generated per year.
Solar water heater service life: The service life of a solar water heating system varies
widely depending on technology, manufacturing quality, water quality and maintenance
of the system. It is recommended to take service life of flat plate collector to be 15 years
and that of evacuated tube collector is 5 years.
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Annexure III
Web links for some of the marketing material and videos that are used in other countries
for promotion of SWH are provided below.
USA
•

http://www.swhspecialist.com/downloads/solar_brochure.pdf

•

http://www.youtube.com/user/Sunwardisking?feature=pyv&ad=5344962723&kw
=solar%20water%20heater#p/u/0/1eOePfDjffY

•

http://www.youtube.com/watch?v=dr5kqK_65fA&feature=related

•

http://www.youtube.com/watch?v=2e72qL_uupY

•

http://www.youtube.com/watch?v=sIGp7ve4OTE

•

http://www.youtube.com/watch?v=HFCrb0c_QWY

•

http://www.youtube.com/watch?v=R9bkzTVD-4I

•

http://www.solarroofs.com/documents/system3.pdf

•

http://www.solarroofs.com/documents/skyline5brochure.pdf

India
•

http://www.youtube.com/watch?v=d9M-J3GmKt0

•

http://www.youtube.com/watch?v=Nc17Ehx_5xY

•

http://www.mnre.gov.in/pdf/Solar%20(Lantern%20&%20heater)%20Eng.pdf

China
•

http://www.youtube.com/watch?v=g5KfVPBe2D0&feature=related
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Annexure IV
Web links of the organizations involved in various projects of SWH in the five countries
are provided below.
Organization

Abbreviation

Web link

AIT

Asian Institute of

http://www.ait.asia/

Technology
BPS

Bureau of Product

http://www.dti.gov.ph/dti/index.php?p=249

Standards
CMES

Centre for Mass Education

http://cmesbd.org/

in Science
CMU

Chiang Mai University

http://www.cmu.ac.th/index_eng.php

DEDE

Department of Alternative

http://www.dede.go.th/dede/

Energy Development and
Efficiency
ECC

of Energy Conservation Centre

HCMC

of Ho Chi Minh City

EVN

Electricity of Vietnam

IFRD

Institute of Fuel Research & http://www.kier.re.kr/open_content/eng/main_page

http://www.evn.com.vn/

Development
KMUTT

.jsp

King Mongkut’s University http://www2.kmutt.ac.th/en_index.aspx
of Technology Thonburi

LGED

Local Government

http://www.lged.gov.bd/

Engineering Department
MoIT

NERD

Ministry

of

Industry

& http://www.moit.gov.vn/c/portal/layout?p_l_id=P

Trade

UB.1.118

National Engineering

http://www.nerdc.lk/

Research and Development
RERC

Renewable Energy

http://www.univdhaka.edu/research3/research_cent

(Bangladesh)

Research Centre

re_details.php?id=6

RERC

Renewable Energy
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(Vietnam)

Research Centre

SEDA

Sustainable Energy
Development Agency

SLSEA

Sri

Lanka

Sustainable http://www.energy.gov.lk/index.php

Energy Authority
SRET

School

of

Renewable http://www.sert.nu.ac.th/

Energy Technology
TISI

Thai Industrial Standard

http://www.tisi.go.th

Institute
TSTA

Thai Solar Thermal

http://www.stasolar.org/

Association
UPSL

University of the

http://www.upd.edu.ph/~solar

Philippines Solar
Laboratory
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