International Energy Journal: Special Issue, Vol. 3, No. 2, December 2002 111

Solar Hot Water System: The Nepalese Prospect

~ Jagan Nath Shrestha’, Raju Rimal ™,
Sheekar Pradhan *, and Shree Raj Shakya *

* Center for Energy Studies, Institute of Engineering
Tribhuvan University, Kirtipur, Kathmandu
** Association of Solar Thermal Energy Development (ASTED) Nepal
NEPAL

ABSTRACT

Solar Water Heater (SWH) is one of the most successful solar thermal technology applications
in Nepal. About 30,000 sets of SWHs have already been installed throughout the country. In a study
conducted in 1998, it was estimated that more than 10,000 m? of SWHs had been installed with a
capacity of around 200,000 liters/day. However, until now, locally manufactured solar water heaters
are still under very poor condition. Thermo siphon is the only technology manufactured and sold at
commercial stage. The performance standard of solar water heaters is very low. Although the technology
is popular in the country, there is an urgent need to take measures on improving the current technology.
The existing technology has not been assessed so far in terms of efficiency, low-cost design and
extended lifetime measures. The use of SWHs in rural and in high altitude areas still lack attention.
Government policy, standardization of the manufacturing technology, and lack of awareness among
the public and the beneficiaries, are other vital issues which should be addressed.

1, INTRODUCTION

After the worldwide energy crisis in 1973-74, increasing emphasis was placed upon direct and
indirect use of solar energy. Solar energy seems to be the most attractive and promising alternative
energy source for the future, since it is non-polluting, inexhaustible, and a large energy resource.

The development of solar thermal conversion devices started in Nepal in early 1960s. A locally
made solar water heater (SWH) installed in the premises of the Department of Mines and Geology was
the first in Nepal. Based from other reports, the first prototype SWH was manufactured in 1968 by the
late Rev. B.R. Saubolle and the Asha brothers in Kathmandu. Further records showed that Plumbing
Division of Balaju Yantra Shala (BYS) paid their effort of developing SWH only after 1974. After
considerable experiment and development, improved SWH systems were supplied by BYS to the hostel
of a Budhanilkantha School in 1975. This was the first unit installed for public use, which brought
favorable response among public and initiated the market attracting a number of manufacturers for the
manufacturing and installation of solar water heaters for domestic and commercial applications. The
development of SWHs received further support at the then newly established Sanitary Section of the
Mechanical Training Center in Balaju with support from Helvetas of Switzerland. Through continuous
improvements in design, fabrication and installation as well as through a combination of the efforts of
private companies and technical institutions, the efficiency and performance of SWHs were greatly
improved. The market of SWHs increased in such a way that more and more SWH manufacturers are
emerging in the streets of Kathmandu.

Until 1992 there was a record of 35 solar water heater manufacturers registered with the Department
of Cottage and Small Industries. There were 90 unregistered manufacturers in Kathmandu valley alone.
It is estimated that presently there are more than 200 workshops making solar water heaters in Nepal.
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Likewise, more than 30,000 households in Nepal have already installed solar water heaters in their
homes and out of them 80% are said to be installed in Kathmandu valley alone. Every year more than
2000 solar water heaters are installed in the country, according to a 1997 study carried out by the Water
and Energy Commission Secretariat (WECS) [1, 5].

2. IMPORTANCE OF SOLAR ENERGY

The potential of solar energy as an alternative energy resource has been recognized since long
time ago. The gain in momentum to develop solar energy technologies, in recent years, has primarily
been a result of increasing costs of conventional sources of energy and an increasing recognition of
environmental problems resulting from its over exploitation.

Table 1 Average temperature distribution and sunshine hours
Nepal during the months of June and December [2]

in different development regions of

Region June December

) Temp Temp | Sunshine| Temp Temp | Sunshine

Tarai Max. Min. hours Max. Min. hours
Q) Q) (Hrs) °C) (°C) (Hrs)

Far Western Development
Region 33 22.5 7 21 75 7
Mid Western Development
Region 33 225 7 19.5 75 7
Western Development
Region 30 21 7 22.5 75 7:25
Central Development Region 30 21 6.25 22.5 15 14
Eastern Development Region 30 21 5.:25 21 7.5 T35
Mid Hill
Far Western Region 30 15 7 16.5 3 7.25
Mid Western Region 24 135 6.5 12 4.5 7.5
Western Region 16.5 9 7 10.5 4.5 6.75
Central Development Region 16.5 10.5 4.5 10.5 45 Ti5
Eastern Development Region 15 15 4.75 15 4.5 7.75
Mountain
Far Western Region 19.5 9 6.75 9 1:5 75
Mid Western Region 16.5 9 7 10.5 3 7
Western Region 15 10.5 6.5 10.5 3 6.75
Central Development Region 15 9 4.25 10.5 3 7
Eastern Development Region 15 10.5 4 10.5 3 6.75
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Nepal possesses an abundant amount of solar energy resource with the solar insolation ranging
between 4 to S kWh per square meter per day and on an average of more than 6.5 hours of sunshine per
day. Table 2 shows the solar radiation in different parts of Nepal.

3. Potential and Market of SWHs in Nepal

Nepal is largely relying on its traditional forest resources for most of domestic energy requirement.
Most of commercial and industrial energy requirements are met by non-renewable fossil fuel with a very
limited share from hydroelectric and solar. Since fossil fuels are not available in the country, expenditure
on the import of petroleum products drains the country’s limited foreign exchange reserves — about 40%
of Nepal’s total income from export is spent for fuel imports [3]. The prevailing pattern of energy use
indicates many elements of unsustainability. The energy problem in Nepal arises not only from excessive
reliance on non-renewable energy sources, but also from the excessive use of forest resources at an
unsustainable rate creating environmental degradation. The vast potential of other forms of renewable
energy, e.g., solar or hydro, remains virtually undeveloped.

An overview of the energy consumption pattern in the domestic, industrial and commercial
sectors of Nepal suggests that a considerable quantity of the energy consumed is for water heating
purposes. Using solar water heaters in household sector, on average, saves 20% unit monthly, while in
commercial sector 42% and in public sector 40% unit in the current electricity consumption (for water
heating) per month as reported by WECS [9]. This entire scenario indicates that the use of SWHs can
bring economical benefits to the users in the long run as electricity tariff are quite high in the country.
The current government tariff for the country is NRs. 9.95/kWh. This tariff is for each unit after 250 units
of consumption in each month.

The use of SWHs is currently limited to domestic activities like hot shower, cloth washing and
kitchen use, but there is great prospect to use solar water heaters to supply hot water to various
industries like dairy, dying, distilleries, and brewery. Likewise SWH is equally important to supply hot
water to commercial complexes like hotels, resorts, schools and college hostels, hospitals, and nursing
homes. Similarly, besides water heating, SWHs are significant for other applications like solar floor/wall
heating in cold areas and solar refrigeration in other areas.

At present, Nepal’s SWH market is growing steadily mostly in urban regions. More than 30,000
conventional SWHs and 850 evacuated tube SWH systems have been installed throughout the country.
Taking the size of the population into account, with 5 m* to 6 m? of collector surface per 1000 inhabitants,
Nepal can be counted in the top five countries in the world in terms of solar market penetration. It is
estimated that only 10% of total residential sector, 60% of commercial sector (hotels and lodges), 20%
of schools and less than 1% of industrial sector in Kathmandu are currently using SWHs. No SWHs are
found to be used for industrial purpose except for residential use in the industries. Only a few local
distilleries (lickers producer) are using SWH for water heating purpose.

The size of SWHs installed in Nepal is mostly of 200-liter capacity. The overview on the size of
the installed SWH can be seen from the study conducted by WECS [1] as shown in Table 3.

The total SWH collector area installed sector-wise in Nepal is said to be 126,000 m? and further
potential for 1,400,000 m? is envisaged in a separate study report. The installation and future potential
of SWH are shown in Table 4.

4. SOLAR WATER HEATING TECHNOLOGY

It is proven that the easiest and most practical application of solar energy is for water heating for
domestic, commercial and industrial purposes. Although in Nepal, solar water heating started in the late
1970s, it has been proven a feasible technology to heat household water using solar energy only since
1930. Solar water heaters for hot water supply and other heating purposes for domestic, commercial and
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Table 3 Capacity of SWH installed in different sectors

Percentage of Installation

Capacity Household | Commercial Public

Sector Sector Sector
Less than 100 liters 3.1% 3.1 % 0.0 %
100 liters 10.42% 0.0 % 0.0 %
200 liters 51.0 % 56.2 % 75.0 %
300 liters 32.3% 6.3 % 0.0 %
400 liters 3.1 % 0.0 % 0.0 %
500 liters or above 0.0 % 313 % 25.0 %
Not stated 0.0 % 3.12% 0.0 %
100 % 100 % 100 %

Table 4 Sector-wise SWH collector area installation and future potential

S.N. Usage Installed Potential
I | Residential Sector 100,000 m* 1,000,000 m*
2 | Hotels and lodges 20,000 m? 200,000 m’
3 | Schools 5,000 m 100,000 m’
4 | Hospitals and health centers 1,000 m* 50,000 m*
5 | Industries - 50,000 m’
Total 126,000 m* 1,400,000 m’
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industrial applications have been employed extensively in Australia, Israel, and Japan, and were quite
popular in California and Florida prior to World War II. Currently, solar water heaters are being used
extensively all over the world.

The most common design currently use in Nepal is an open-loop natural-circulation type
developed in the 1970s [6] and hardly altered since then. The design consists of the flat plate collector
made of galvanized iron (GI) pipe as riser pipe and with black coated (non-selective coating) aluminum
sheet as absorber beneath and adjoined with the pipe, fixed in GI casing with top glass cover. A hot
water storage tank (mostly 200-liter capacity) made of black mild steel sheet with a cover tank made with
GI sheet after a layer of insulation rapped by glass wool blanket.

In an experiment, it was found that the efficiency of the flat plate collector of present design,
during 8 hrs of current exposure, was around 22.24%. The experiment was carried out in two panel
collectors, each having an effective area of 1.55 m? and 100-liter capacity storage tank. The fluid
temperature at the inlet and outlet was found to be 34.63°C and 44.43°C, respectively with top panel
temperature of 65.67°C. The efficiency reported is much lower in comparison to the theoretical efficiency
[7].

The existing SWH system has deteriorated life expectancy. There is hardly any similarity among
manufacturers about the system life expectancy which is believed to be 25 years but in reality it is found
to be much lower. The life expectancy of existing system is believed to be approximately around 5 years
or less than 25 years, which clearly shows that the quality of the system is deteriorating.

This device also has limitation; that it is not suitable for frost-prone areas and large-scale system
[8,9]. Besides it should always to be placed above the roof to maintain gravity flow. Few manufacturers
have started working on force circulation system using the same category of solar hot water system but
could not gain appreciable market due to high cost and poor marketing performance.

There is not any report that indicates any system manufactured with indirect heating using heat
exchanger with anti-freeze liquid, which is very much essential for locations where the temperature goes '
down below 0°C temperature. There is also not any record of a single unit manufactured or installed
solar hot water system for generating high heat for industrial large-scale application.
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Since few years back, some trading houses imported the solar hot water system with indirect
heating that used heat exchanger fluid and evacuated tube collector type of both direct and indirect
heating. This system has reached significant market and filled the gap that was not covered by the
present conventional system. However, these systems are quite expensive and most of the consumers
could not afford them and have to rely on the existing local-made conventional device.

Although Nepal has had several decades of experience in the field of SHW system, the technology
in application has been in the same state as it was developed in 1970s. No significant modification has
been made to enhance the system efficiency. The unhealthy competition in this sector however gave
rise to the increasing trend of developing cheap solar water heaters thereby leading to quantitative
increase with compromise over quality. This scenario urges the set up of an immediate quality monitoring
and controlling mechanism with minimum standardization.

There is an urgent need for R&D to improve the efficiency of the existing local SWH designs and
introduce more effective and economical designs for large-scale industrial and commercial applications
as well as for frost-prone regions. Institutions like the Center for Energy Studies (CES), Royal Nepal
Academy of Science and Technology (RONAST), and Research Center for Applied Science and
Technology (RECAST) could play an active role in the field of R&D.

All other renewable energy technologies like micro-hydro, solar photovoltaic, solar cookers,
solar dryers, solar pumps and biogas are prioritized and given due importance for promotion, development
and dissemination. The equipment for these technologies are not even required to pay for value-added
tax (VAT), customs and other taxes [10]. But this is not the case with solar water heater technology. The
manufacturers who are willing to import raw materials and manufacture a more efficient design of SWH
are thus reluctant to promote the technology. The lack of priority given to SWHs is one of the main
barriers of cost reduction.

Although SWHs have similar significance with other clean energy technologies and have equal
potential to contribute in supplying heat energy requirement for domestic, commercial and industrial
sectors, SWHs are deprived of the support from governmental and non-governmental sectors as well as
renewable energy stakeholders and donors. There is therefore an urgent need to achieve sequential
growth on SWH technology and application in Nepal to catch up with the worldwide development pace
of the sector.

5. RECENT DEVELOPMENT

Since the last few months, some RE professionals and few institutions have realized the
significance of the sector and showed interest in its promotion. Thus some development practices have
been undetaken and resulted to technology transfer and capacity building on the present trends in the
developed countries. Training on large-scale solar hot water system recently conducted jointly by
Renewable Energy Development Program/UNDP, Alternative Energy Promotion Center and European
Union’s Asia Ecobest Programme on large-scale solar hot water system is an example of such development.
The Association of Solar Thermal Energy Development of Nepal (ASTED Nepal) in association with
ESCO Nepal has initiated the prototype development jointly with Kathmandu University on copper fin
solar water heater and organized an exhibition to share the experience with a number of manufacturers.
The Ad-hoc Committee of ASTED Nepal is created among the manufacturers to initiate and access some
development, quality control and monitoring activities.

These are the positive impact resulting from training, but the sector still needs due attention and
support from governmental, non-governmental and other promoters to accelerate further research and
development, technology transfer and training; education exposure to the manpower involved in the
sector; together with some standardization, monitoring and quality control mechanisms.

Introduction of the copper fin collector in the market is still difficult because of the high cost
involved for importing the fins, aluminum channels, and toughened glass with high transmittivity.
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ESCO Nepal has also initiated the introduction of Stainless Steel Storage tank with polyurethane
insulation, copper fin and evacuated tube collector to the market to enhance the efficiency of the
present system, but these result in significant rise in cost. Polyurethane is a liquid prepared from the mix
of two chemicals (polyol and isocynate). The liquid, when sprayed or poured with desired density, turns
into foam which will ultimately turn into solid taking the shape of the container in SWH. Hence to get
control, monitoring and implementation of minimum standardization on SWH manufacturing required
subsidy or some sort of incentive mechanism.

Most of the SWH installations are concentrated in the capital city only and the rest of the
country is deprived of using this technology, even though there is high potential of solar water heating.
So far certain lodges and hotels along trekking routes in areas frequently used by tourist, have installed
SWHs and have found to be beneficial and cost effective as the cost can be included in the service they
pass on to their customers. Except for one or two, most of the SWH manufacturers are based in the
capital. Thus the promotion of the SWHs is so far limited to the capital city only. There is high potential
in the rural areas on the installation of SWHs, if the financial burden can be lowered for them. This can
be achieved by providing subsidy and micro-credit loan schemes with the involvement of donor agencies
and financial institutions.

6. PROBLEMS AND ISSUES

The following problems and issues are listed as a barrier in the promotion of solar water heater
systems in Nepal:
e The inefficient and ineffective current technology has deteriorated quality,
e The expected lifetime of the systems is much lower than it should be theoretically,
e The current technology is not suitable for frost-prone areas at high altitude,
e Cost of the SHWs is high as there is no subsidy given to SWH systems in comparison to other
renewable energy technologies (RETs),
e There is a lack of standardization in the manufacturing systems among the manufacturers,
¢ The financial institutions are inactive to support SWHs financially, and

e There 1s a lack of awareness among potential users on saving conventional loss while using the
SWHs.

T CONCLUSIONS

SWH applications have high prospects in the context of Nepal. Although it has been decades
since Nepal started using the technology for water heating, further applications of the technology other
than household use have not been explored yet. It will be a great achievement if the technology can be
implemented in industrial process heating, which will surely contribute in reducing national energy
demand in a significant amount. Lessons to be learned from renewable energy policies implemented in
developed countries like USA and the European countries should be given due importance by all
sectors based on their potential to contribute to national development [4, 11].

Research and development in these sectors is an important aspect in order to address the issues
like efficient design, low-cost technology, and extended life span of the existing systems. The
standardization of the manufacturing technology is another important need with which the existing
deteriorating quality of the system can see an improvement. The financial aspect of the system is still in
a niche in which the existing financial institutions are not able to pay any attention towards. The
government should review its policy on SWHs and should be able to waive the add-up costs like VAT,
customs and taxes levied on the system.
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