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ABSTRACT

Nepal has enormous potential for different kinds of renewable energies; however, biogas, solar and
micro-hydro energies are only selected for this study. The study aims at determining growth and
development of renewable energy sector and its relationship with renewable energy enterprises in
Nepal. This study is based on secondary data covering a period of 37 years of biogas sector, 20 years of
solar sector and 50 years of micro-hydro sector. Frequency table, percentage, graph, growth rate and
correlation coefficient are employed to analyze the data. The study reveals the largest number of
renewable energy enterprises is located in central development region (62.69%) while it is least in far-
western region (3.08%) of Nepal. The average growth of biogas, solar and micro-hydro construction
companies are 7.96%, 21.18% and 16.07% respectively. The high penetration of biogas plants is in
western region while solar home systems are in mid-western region. The highest number of micro-hydro
schemes’ installation in term of number and capacity are in eastern and western development region
respectively. The result shows that biogas and solar sectors are growing in decreasing trend while
micro-hydro sector has ups-down trend. There is significant positive relationship of renewable energy
sector with renewable energy enterprises. The study concludes that the growth and development of the
renewable energy sector plays a vital role in growth and development of renewable energy enterprises
in Nepal. The paper can be extended through investigating characteristics of renewable energy
enterprises and renewable energy entrepreneurs to get a greater insight into the results.
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1. INTRODUCTION

Energy plays indispensable role in running the wheels of the economy of any country and more
importantly in the lives and livelihoods of its people. Energy is necessary for daily survival
(World Commission on Environment and Development, 1987). Energy is an essential
ingredient of socio economic development and economic growth (Goldemberg, 1996).
Additionally, energy is a vital input for many everyday activities like cooking, heating,
lighting, etc. Energy is catalyst for economic development that leads to entrepreneurship
development.
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Nepal has over a half century history of promoting renewable energies. Renewable energy is
energy that comes from resources which are continually replenished such as sunlight, wind,
rain, tides, waves, and geothermal heat (Wikipedia: 28 Feb 2013). Non-renewable energy is
energy that comes from resources which are not continually replenished such as coal,
petroleum fuels and fuel wood etc. Those non-renewable sources of energy are also taken as
traditional sources of energy. The use of renewable energy can reduce the dependency on
traditional sources of energy. In such circumstances, Nepal has very high potential to exploit
the renewable energy; however, it has not been exploited to the fullest. The energy sector of
Nepal is characterized by a very heavy reliance on traditional resources that contribute to more
than 85 percent of the total energy consumption (AEPC, 2012, p. 1). The use of Renewable
Energy Technologies can reduce the dependency on traditional energy and help in protecting
the environment and reduction of emission of greenhouse gases, contribute sustainable
development, regional balance and increases the economic activities. It ultimately contributes
to improve the health and educational status of the population as well (AEPC, 2012, p. 1). With
above-mentioned backcloth, renewable energy can be the backbone of developing economies
like Nepal.

The history of promoting domestic biogas is very long- over a half century. Over 299,338
biogas plants were installed throughout the country by mid July 2013. There are 109 biogas
companies working in the sector to construct biogas plants throughout the country. In order to
expedite the progress rate towards achieving the biogas potential of Nepal, Biogas Support
Program was launched in 1992. Biogas Program came under the umbrella of Alternative
Energy Promotion Center (AEPC) in 1996 (AEPC, 2014). As the result, biogas plant
installation was rapidly increased after the end of nineties. Likewise, Yadav (2012) reveals the
significant role of biogas for sustainable development in Nepal. Another study by Adhikary
(2012) deals with green economy in pursuance of sustainable development and nature for an
improved and sustained quality of life. Moreover, a study by Karki, Shrestha, Bajgain, &
Sharma (2009) reveals that the role biogas for national development along with the role of loan
and subsidy in biogas development in Nepal. With above-mentioned scenarios, biogas sector
has been growing considerably.

Furthermore, solar energy can be seen as a more reliable source of energy in Nepal than the
traditional electricity. Private installations of solar panels are more frequent in Nepal. Solar
energy is radiant light and heat from the sun harnessed using a range of ever-evolving
technologies such as solar heating, solar photovoltaic, solar thermal energy, solar architecture
and artificial photosynthesis (International Energy Agency, 2011). It is an important source of
renewable energy. Nepal has over 421,728 solar home systems installed throughout the country
by mid July 2013 with the total capacity of 10,461,799 WP. There are 97 solar companies
working in the sector. A large number of people have gotten employment directly, indirectly in
this sector. As the demand for solar is increasing, employment of skilled and unskilled labor
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has been increasing every year. Consequently, the potential of the solar development to create
employment and enterprise development has already been demonstrated. Solar energy plays
vital role in providing reliable energy. Additionally, Yadav (2015) finds the number of solar
home systems and its capacity installed has significant impact on enterprise development. The
growth and development of solar sector is important in developing solar companies.

The micro-hydro electrification scheme was installed in 1962. Nepal has over 3,096 micro-
hydro electrification schemes installed throughout the country by mid July 2013 with its
capacity of 47,884 kW. There are 78 micro-hydro construction companies working in the
sector. Pico, micro and mini hydro electrification schemes are considered as micro-hydro
electrification schemes in this study. Pico-hydro shall be understood as hydroelectric generating
units with capacities up to 10 KW (AEPC, 2013). Micro-hydro power scheme is hydroelectric
generating units with capacities ranging above 10 to 100 KW (AEPC, 2013). Moreover, mini-
hydro power scheme is the hydropower system that generates electric power from 100 KW to
10 MW and serves nearby households through a mini-grid (AEPC, 2013). Pokharel (2006)
relates micro-hydro technology with creating enterprises and sustainable development. The
micro-hydro sector is important ingredients of renewable energy sector in Nepal.

Despite all these facts and empirical evidences of the renewable energy sector, no such study
on growth and development of renewable energy enterprises has yet been conducted in Nepal.
In this circumstance, the study deals with: Is the growth of biogas, solar and micro-hydro sector
growing? Do the renewable energy sectors grow over the year and throughout the country? Do
renewable energy enterprises grow significantly? Which sector’s enterprises out of biogas
companies, solar companies and micro-hydro construction companies have the largest growth
over the year? Is there positive relationship between market size of renewable energy i.e.,
number of renewable energy systems’ installation and renewable energy enterprises? Does
growth and development of the renewable energy sector play an important role in growth and
development of renewable energy enterprises in Nepal?

With the above backcloth, this study aims at determining the growth and development of
renewable energy sector and its relationship with renewable energy enterprises (REES) in
Nepal. The remainder of the paper is organized as follows. Section 2 describes the data and
methods employed in this study while section 3 analyzes the data collected for this study.
Section 4 summarizes the results and offers some directions for future research. Finally, section
5 comprises acknowledgements of the study.

2. METHOD

Nepal has enormous potential for different kinds of renewable energies; however,
pico/mini/micro-hydro, solar, biogas, wind and biomass energy are promoted as renewable
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energies in Nepal. Viewed in this perspective, biogas, solar and micro-hydro sectors have
selected for this study.

The study comprises descriptive cum analytical research design based on secondary data. This
study covers a period of 37 years of biogas sector, 20 years of solar sector and 50 years of
micro-hydro sector as depicted in Table 1. The data and information are collected from
Alternative Energy Promotion Centre (AEPC), Solar Electric Manufacturers’ Association,
Nepal (SEMAN), and Biogas Sector Partnership Nepal (BSP-Nepal), Kathmandu, Nepal. The
key variables introduced in this study are the market size of renewable energy and renewable
energy enterprises (REES).

Table 1: Number of Observations Selected for the Study

1 Biogas Sector 1975/76 to 2012/13 37
2 Solar Sector 1992/93 to 2012/13 20
3 Micro-hydro Sector 1962/63 to 2012/13 50

Total number of observations selected for the study 107

Source: AEPC, SEMAN and BSP-Nepal.

There are 107 observations selected for the study out of 150 population observations (3 sectors
x 50 years). Therefore, the percentage of selected observations is n/N = 107/150 = 71.33
percent. This study is based on analysis of 107 observations for analyzing the relationship of
the renewable energy sector with renewable energy enterprises (REEs). Moreover, the simple
statistical techniques of analysis such as frequency table, percentage, graph, growth rate and
correlation coefficient have been employed in this study using IBM SPSS Statistic 20.

3. RESULTS

In this section, an attempt is made to determine the growth and development of renewable
energy sector and its relationship with renewable energy enterprises in Nepal. One of the
important indicators of promotion of renewable energy enterprises is the number of
construction companies working in the sector. The development of the market in the sector is
indicated by its production both in terms in number and capacity.

Biogas Sector

The growth and development of the biogas sector is encouraging over the year based on its
growth in its number and turnover. Despite of prolonged political transition, there is growth in
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biogas business that makes sense in developing biogas related enterprises in Nepal. Now, it
may be interesting to analyze region-wise construction of biogas plants in Nepal. The biogas
plants’ construction by development regions till mid July 2013 is given in Table 2.

Table 2: Biogas Plants’ Installation by Development Region from 1975/76 to 2012/13

Far Western | Mid Western Western Central Eastern Total
(FWDR) (MWDR) (WDR) (CDR) (EDR)
28,449 29,257 93,558 90,994 57,080 299,338
9.50% 9.77% 31.25% 30.40% 19.07% 100%

Source: AEPC.

The biogas plants’ construction by development region shows that the far-western and mid-
western development regions have less than 10 percent number of plants constructed
throughout the nation. However, the western and central development regions have more than
30 percent plants constructed. The eastern development region has about 19 percent plants
constructed. There are the least number of plants constructed (9.50 percent) in far-western
development region while it is the highest (31.25 percent) in western development region.
Consequently, the development of the biogas sector is encouraging over the year and
throughout the nation.

Likewise, it may be interesting to assess the growth of biogas sector in Nepal by periodic
development plan. The growth and development of biogas sector by periodic development plan
is given in Table 3.

Table 3: Biogas Plants’ Installation by Periodic Development Plan of Nepal

Domestic Periodic Development Plan of Nepal

Biogas

12" Plan
(2010/11-
2012/13)

11" Plan
(2007/08-
2009/10)

Till 5 6"Plan 7"Plan 8"Plan  9"Plan 10" Plan
Plan (1980-  (1985-  (1992- (1997- (2002-
(1975-80) 85) 90) 97) 2002) 07)

Plants

Total Mean

Plants 799 1,000 6,939 27,485 67,570 79,183 55521 60,751 299,338
% 0.27% 0.36% 2.32% 9.18% 2257% 26.45% 1855% 20.30% 100%
Growth in % 36% 537% 296%  146% 17% -30% 9% 145%
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Source: AEPC.

The growth of biogas sector is increasing in decreasing trend from fifth to 12" periodic
development plan. However, the average growth rate is 145 percent. The constructed of biogas
plants is less than one percent out of total in fifth and sixth plan and it is less three percent in
seventh plan. However, it went up above nine percent in eighth plan and shows increasing trend
afterward. It is due to the formal program on biogas sector called Biogas Support Program in
Nepal started from 1992. The program makes sense in the sector and levered the sector. The
data show that the largest number of plants (22.57 percent) constructed in 10™ plan whereas the
least number of plants (0.27 percent) constructed in fifth plan and beforehand. Moreover, the
number of biogas plants constructed in 9™ and 10" plan is higher than that of 11™ and 12" plan.
The reason is that the 11™ and 12" plan comprises only three years period while 9" and 10"
plans have five years’ time period. Consequently, it shows encouraging trend of the biogas
sector that leads to grow and develop biogas companies in Nepal. There is growth in biogas
business that makes sense in developing biogas related enterprises in Nepal.

Solar Sector

There is encouraging growth and development of the solar sector over the year both in term of
number and turnover. Now, it may be interesting to analyze by development of region-wise
installation of solar home systems in Nepal. The solar home systems’ installation by
development regions in Nepal till mid July 2013 is given in Table 4.

Table 4: Solar Home Systems’ Installation by Development Region in Nepal till mid July
2013

Far Mid
Western Western
(FWDR) (MWDR)

Western Central Eastern
(WDR) (CDR) (EDR)

62,129

161,551 65,526 64,410 66,591 421,728

0.36% 14.73% 38.31% 15.54% 15.27% 15.79% 100.00%

55,167 1,397,854 3,407,138 | 2,001,729 | 1,665,942 | 1,933,969 | 10,461,799

0.53% 13.36% 32.57% 19.13% 15.92% 18.49% 100.00%

Source: AEPC.
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The results on solar home systems’ installation by development region show interesting facts
about solar sector of Nepal. The largest number of solar systems is installed in mid-western
development region of Nepal both in terms of number (38.31 percent) and in terms of capacity
(32.57 percent) out of total systems installed in Nepal. Being the region with less served part of
nation called Karnali Zone with different kind of development; the solar sector served this
region at greater extent. Moreover, the far western development region has slightly lower
number of solar systems installed than that of rest three regions (eastern, central and western).
The eastern, central and western development region has almost equal number of systems
installed till mid July 2013 both in terms of number and capacity. Consequently, the
development of the solar sector is encouraging over the year.

Furthermore, it may be interesting to assess the growth of solar sector in Nepal by periodic
development plan. The growth and development of solar sector by periodic development plan is
given in Table 5.

Table S: Solar Home Systems’ Installation by Periodic Development Plan of Nepal

Solar Home 8™ Plan 9" Plan 10" Plan 11" Plan 12"Plan Total Mean
Systems (SHS) | (1992-97) | (1997-2002) | (2002-07) | (2007/08- | (2010/11-
2009/10) | 2012/13)
SHS 844 30,870 69,069 149,095 171,850 421,728
% 0.20% 7.32% 16.38% 35.35% 40.75% 100%
Growth in % 3558% 124% 116% 15% 953%
Capacity (Wp) 30,090 1,198,112 1,995,888 3,424,609 3,813,100 | 10,461,799
% 0.29% 11.45% 19.08% 32.73% 36.45% 100%
Growth in % 3882% 67% 2% 11% 1008%

Source: AEPC.

The growth of solar home systems is increasing in decreasing trend from eighth plan to 12
periodic development plan both in terms of number and capacity. The average growth of solar
home systems and its capacity are 953 percent and 1008 percent respectively. The installation
of systems is less than one percent out of total in eighth plan while it’s grows up in ninth and
tenth plan. It is due to the formal program on solar sector in Nepal started from 1996. The solar
companies have grown up after this period. Consequently, an umbrella association of solar
companies called Solar Electric Manufacturers’ Association, Nepal (SEMAN) has established
in 2000. Noticeably, there is the highest number of solar home systems installed in terms of
number (40.75 percent) and its capacity (36.45 percent) during 12" periodic development plan
of Nepal. Despite of prolonged political transition, it is a major turn in development of solar
sector in Nepal.
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Micro-hydro Sector

The micro-hydro sector is encouraging both in term of number and turnover. Now, it may be
interesting to analyze the region-wise micro-hydro electrification schemes’ installation in Nepal
as given in Table 6.

Table 6 shows the far-western development region has the least number of micro-hydro
electrification schemes’ installation (6.01 percent) while the eastern development region has the
largest number of schemes’ installation (35.17 percent) till mid July 2013. In term of capacity,
the mid-western development region has the least capacity (11.14 percent) installed whereas it
is highest (28.43 percent) in western region. Consequently, the development of the micro-hydro
sector is encouraging throughout the country over the year.

Table 6: Micro-hydro Electrification Schemes’ Installation by Development Region in
Nepal from 1962 to Mid July 2013

. Development Region
Micro-hydro .
P Region Far )
Electrification Ui arorr |- Mid Western | Western Central Eastern Total
Schemes
(FWDR) (MWDR) (WDR) (CDR) (EDR)
Number 288 186 242 735 556 1,089 3,096
% 9.30% 6.01% 7.82% 23.74% 17.96% 35.17% 100%
Capacity (KW) 5,153 5,332 4,582 13,615 7,639 11,564 47,884
% 10.76% 11.14% 9.57% 28.43% 15.95% 24.15% 100%

Source: AEPC.

Furthermore, it may be interesting to assess the growth and development of micro-hydro sector
in Nepal by periodic development plan. The growth and development of micro-hydro sector by
periodic development plan is given in Table 7.

Table 7: Micro-hydro Electrification Schemes’ Installation by Periodic Plan of Nepal

Micro-hydro Periodic Development Plan of Nepal Total
Electrification Year  [Tillg" | 7" g" gn 10" | 11™Plan | 12"Plan
Schemes Unknown | Plan | Plan | Plan Plan Plan | (2007/08- | (2010/11- Mean
(1980- | (1985- | (1992- | (1997- | (2002- | 2009/10) | 2012/13)
85) 90) 97) 2002) 07)
Number 287 68 148 459 606 576 391 561 3,096
% 9.27% 2.20% | 4.78% | 14.83% | 19.57% | 18.60% 12.63% 18.12% 100%
Growth in % 118% 210% 32% -5% -32% 43% 61%
Capacity(KW) 17,419 593 1,072 1,352 3,639 5,333 5,553 12,923 47,884
% 36.38% 1.24% | 2.24% | 2.82% | 7.60% | 11.14% 11.60% 26.99% 100%
Growth in % 81% 26% 169% 47% 4% 133% 7%
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Source: AEPC.
Note: The schemes constructed in year 1991 has included under 7th plan.

The growth of micro-hydro sector has ups-down trend from sixth plan to 12" periodic
development plan both in terms of number and capacity. The average growth in terms of
number and its capacity are 61 percent and 77 percent respectively. The sixth plan has the least
number of micro-hydro schemes’ installation both in term of number and capacity. The ninth
plan has the largest number of schemes’ installation while 12" plan has the largest number
schemes in term of capacity.

Renewable Energy Enterprises (REES)

Renewable energy enterprises (REES) comprising biogas companies, solar companies and
micro-hydro construction companies are one of the important indicators of enterprise
development in the renewable energy sector. Moreover, the trend of renewable energy
enterprises in Nepal is given in Figure 1.

Figure 1: Growth of Renewable Energy Enterprises (REEs) in Nepal
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Source: AEPC.

The trend of biogas companies, solar companies and micro-hydro companies are in increasing
trend over the year. The results show that the market of renewable energy enterprises has been
growing during past decade. Furthermore, it may be interesting to assess the region-wise
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presence of renewable energy enterprises in Nepal. Table 8 shows that the market size of
renewable energy is growing throughout the nation.

There is high concentration of the renewable energy enterprises in central development region
(62.69 percent) while the least concentration of the REEs is in far-western development region
(3.08 percent) of Nepal. This might be due take centralized infrastructure and services in
Kathmandu, the capital city of Nepal.

Table 8: Region-wise Number of Renewable Energy Enterprises (REES) in Nepal

Development Regions
SN REES Eastern | Central | Western Mid- For- Total
Western Western

1 Biogas Companies 21 46 25 15 6 113
2 Solar Companies 1 62 1 4 1 69
3 | Micro-hydro Construction Companies 55 19 1 1 78
Total 24 163 45 20 8 260

% 9.23% | 62.69% | 17.31% 7.69% 3.08% 100%

Sources: Web Page of AEPC as of 5" August 2014: www.aepc.gov.np.

Furthermore, there were 44 biogas companies in fiscal year 2000/01 while it went up to 109
biogas companies in fiscal year 2012/13. There were only 11 solar companies working in the
sector in fiscal year 2000/01. However, it reached 97 solar companies in fiscal year 2012/13.
Likewise, the micro-hydro construction companies went up to 78 companies in 2012/13 from
15 companies in fiscal year 2000/01. Based on increase in renewable energy enterprises
(REEs), increase in number and capacity of systems installed, the sector has been grown
considerably that leads to entrepreneurship development.

Now, it may be interesting the see growth rate of renewable energy enterprises in Nepal. Table
9 shows encouraging growth rate of REEs in Nepal.
Table 9: Growth of Renewable Energy Enterprises in Nepal

Growth of
MHCCs (%0)

Growth of
SCs (%)

Growth of Solar

BCs (%)

Fiscal Year

Biogas Micro-hydro
Companies Companies Construction
((]e)) (SCs) Companies (MHCCs)

2000/01 44 11 15

2001/02 42 -4.55% 11 0.00% 21 40.00%
2002/03 46 9.52% 13 18.18% 21 0.00%
2003/04 52 13.04% 13 0.00% 20 -4.76%
2004/05 61 17.31% 22 69.23% 27 35.00%
2005/06 59 -3.28% 29 31.82% 28 3.70%
2006/07 66 11.86% 34 17.24% 37 32.14%
2007/08 71 7.58% 38 11.76% 42 13.51%
2008/09 62 -12.68% 50 31.58% 42 0.00%
2009/10 82 32.26% 64 28.00% 42 0.00%
2010/11 82 0.00% 77 20.31% 58 38.10%
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2011/12 107 30.49% 97 25.97% 57 -1.72%
2012/13 109 1.87% 97 0.00% 78 36.84%
Mean 7.96% 21.18% 16.07%

Source: AEPC, BSP-Nepal and SEMAN.

The growth rate of biogas companies, solar companies and micro-hydro construction
companies are non-linear over the year. The average growth rate of biogas companies, solar
companies and micro-hydro construction companies are 7.96 percent, 21.18 percent and 16.07
percent respectively. The average growth rate of solar companies is the highest while it is the
lowest in case of biogas companies. The growth rate of REESs is encouraging and compactable
with the growth rate of the sector.

Table 10 shows the correlation among the variables. The correlation coefficients are significant
in all cases. The correlation coefficient (r) between total biogas plants and biogas companies is
0.88. There is very high degree of positive correlation between them. The total plants and
number of biogas companies move in the same direction. The correlation coefficient (r)
between total solar home systems and solar companies is 0.82. There is very high degree of
positive correlation between them. The total solar home systems and solar companies move in
the same direction.

Table 10: Correlation of market Size of Renewable Energy with REEs

0.88** 0.000

Correlation between total biogas plants (P) and biogas
companies (BCs), rPBCs

Correlation between total solar home systems (SHS) and
solar companies (SCs), rSHSSCs
Correlation between total micro-hydro electrification
schemes (MHS) and micro-hydro construction companies 0.59* 0.032
(MHCCs), rMHSMHCCs

0.82** 0.001

Source: AEPC.

Note: ** and * indicate the correlation coefficient are significant at the 0.01 level (2-tailed) and
at the 0.05 level (2-tailed) respectively.

Likewise, the correlation coefficient (r) between total micro-hydro electrification schemes and
micro-hydro construction companies is 0.59. There is high degree of positive correlation
between them. The total micro-hydro electrification schemes and micro-hydro construction
companies move in the same direction. If market size of renewable energy increase then the
REEs also increases and vice versa.
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4. CONCLUSIONS

The results of this study lead to the important findings. There is high penetration of biogas
plants (31.25 percent) in western development region. The largest number of solar systems is
installed in less served part of nation called mid-western development region both in terms of
number (38.31 percent) and capacity (32.57 percent). The eastern development region has the
largest number of micro-hydro schemes’ installation (35.17 percent) in term of number while it
is the highest (28.43 percent) in western development region in term of capacity. The growth of
the market of biogas and solar sectors are increasing in decreasing trend over the periodic
development plan of Nepal while it is ups-down trend in case of micro hydro sector. Likewise,
there is high concentration of the renewable energy enterprises (REES) in central development
region (62.69 percent) while the least concentration is in far-western region (3.08 percent) of
Nepal. The average growth rate of biogas companies, solar companies and micro-hydro
construction companies are 7.96 percent, 21.18 percent and 16.07 percent respectively. The
average growth rate of solar companies is the highest while it is the lowest in case of biogas
companies. Moreover, the correlation coefficient (r) between biogas plants and biogas
companies is 0.88. The correlation coefficient (r) between solar home systems and solar
companies is 0.82. Likewise, the correlation coefficient (r) between micro-hydro electrification
schemes and micro-hydro construction companies is 0.59. There is very high degree of positive
correlation in case of biogas and solar while it is high degree of positive correlation in case of
micro-hydro sector. The correlation coefficients are significant in all cases.

The results of this study lead to the important conclusions. The study reveals that the growth
and development of renewable energy sector is encouraging over the year and throughout the
country. The growth of renewable energy enterprises are encouraging and largely located in
central region but serve western and mid-western development region at greater extent. There is
significant positive relationship of market size of renewable energy i.e., number of renewable
energy systems’ installation with renewable energy enterprises. Consequently, the growth and
development of the renewable energy sector plays a vital role in growth and development of
renewable energy enterprises in Nepal. The results show diverse growth rate and ups-down
trend over the years. In order to find out the reasons, the paper can be extended through
investigating the characteristics of renewable energy enterprises and renewable energy
entrepreneurs to get a greater insight into the results.
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