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The 7th Sustainable Development Goal is to provide affordable and clean energy to all by 2030. To achieve this goal,
countries around the world are taking initiatives for power generation by switching to clean energies. Unlike many
countries, Nepal satisfies all the energy requirements from renewable energies, with few exceptions like cooking,
heating, and transportation for which biomass or imported petroleum fuels are used. Nepal has made remarkable
efforts in electricity generation and transmission over the years; according to International Energy Agency, only 6%
of the population remains without access to electricity today. Dependence on imported petroleum and providing
subsidy for Liquefied Petroleum Gas for cooking put a huge financial burden on the country. It is the right time for
Nepal to focus on increasing per capita energy consumption in various sectors like transportation, cooking, heating,
agriculture, etc. by making use of surplus electricity which will be produced by the completion of the upcoming
hydropower projects. This symposium will focus on ways to end dependency on imported fuels thus reducing the
trade deficit, ensure energy security in case of irregular supply and blockades, and boost the national economy.
Coordinators

Dr Binayak Bhandari
Woosong University, South Korea
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Abstracts
Sustainable Energy: Policy and strategy in Nepal
Govind Raj Pokharel
Sustainable development of modern energy through promotion and expansion of clean energy in Nepal is the agenda for future.
Nepal also need to ensure access to clean energy by increasing the production and use of sustainable energy and contribute to
energy security. As energy sector can help Nepal to generate revenues and create jobs, Nepal must generate more power also
work on energy banking with India to avoid seasonal variation. Simultaneously, domestic demand must be increased so that
net surplus could be minimized. Promotion of clean energy use in electric vehicle, agriculture, industrial & commercial, cooking
(but together with above). Investment in developing the internal electricity market should be made. People should be able to
buy home appliances, electricity cars at cheap price.
To ensure energy security and also address social equity distributed generation for energy mix and avoiding transmission
congestion is also important.
Nepal also needs policy reforms in electricity sector. It is long overdue to unbundle NEA. NEA's so called profitable position has
made it complicated, but it is necessary that we proceed with it. Generation sector should be competitive, distribution sector
can be competitive and transmission line sector should be regulated monopoly for now. Trade talk among Nepal, India and
Bangladesh should proceed and come to conclusion soon. Power Trading Company is needed to trade in India.
Transmission lines should be built at least as per suggestion of a masterplan for internal transmission line development strategy.
Licenses of electricity should be issued according to this plan so that people don't make power generation plants in areas where
transmission line is unlikely to be built. Private hydropower development should be promoted. They eventually will yield a lot of
royalty to the government without really having to invest anything now.

Overview of Nepal Energy Sector
Sagar Raj Gautam
Ministry of Energy, Water Resources and Irrigation

In 2018, the fuel wood and the petroleum products dominated as main source of energy in the energy mix of the country. In
the same year renewables accounted for only 6% of the total energy consumed. The presentation highlights on the status and
projection of energy along with the status of the electricity mix and future development. Based on the White Paper on Energy,
Water Resources and Irrigation unveiled by Ministry of Energy Water Resources and Irrigation (MoEWRI) in April 2018, National
Planning Commission formulated a five-year plan 2019-2024 (Plan) of Energy Sector. While, the presentation will focus on
general energy / electricity development policy, it will also touch upon vision and targets the Plan has set for and will conclude
with few of the initiatives that the MoEWRI has taken up.
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Sustainable Energy for Nepal and Role of Private Sector
Krishna Acharya
Independent Power Producer’s Association, Nepal

Nepal's access to electricity is growing at a steady pace and already 94% of the population has access to electricity population
(https://www.iea.org/statistics). Though the gird system of Nepal is dominantly hydro, still 72% of the country's energy is met
by bio fuels and 19% by fossil fuel and hydro only accounts to 3%. Furthermore, the world energy dilemma index, Nepal ranks
at 117, the bottom 25%. Hence, it needs to work on energy security, energy equity and environmental sustainability.
Nepal is endowed with abundant fresh water and 6,000 rivers traverse through some of the highest glaciers to the Southern flat
land making Nepal's techno-commercial hydro power potential 43,000 MW. However, only 3% of this potential is used; hence
the opportunity for growth in hydro generation is immense. The generated power can only contribute to national growth with
augmentation of transmission and distribution reciprocal to generation growth. Hence, the overall energy sector needs further
investment. As in the past, the private sector has a huge role to play in this overall growth. Private sector contributes to almost
55% of the total hydro capacity of the national grid system. It can also play an active role in other realms of the power system
with suitable policy changes which in turn will ensure an improved world energy dilemma index.

Energy Promoters
Guan Raj Dhakal
Renewable Energy Confederation

Sustainable energy technologies can play a greater role in Nepal's economy. Nepal does not have fossil fuel resources. So all such
fuels as energy is imported paying hard earned money. Renewable energy resources are available in Nepal. Some 1,400 MW of
electricity has been generated and other renewable energy technologies are supporting in remote and off-grid areas.
Renewable energy technologies should be well utilized for agriculture, industries and transportation mainly. Private sector is
involved in hydropower generation as equal as government sector.
Governments in all three levels should consider on generating more energy by deploying RETs in sustainable methods. Private
sector needs to be supported with financial facilities and technical supports so as industries and entrepreneurship of RETs will
grow well. The private sector also requires capacity building.
Nepalese working abroad as NRN should be well communicated to invest in RETs and also sharing knowledge and experiences.
The COVID 19 pandemic brought in a new scope related to RETs. People coming home due to effect of pandemic require food
and employment. Experts and professionals are advocating that there could be immense of opportunities in Agriculture and
Agro-based industries.
Renewable Energy Confederation of Nepal (RECON) has been raising RE for agriculture as an opportunity for the country.
Likewise financial facilities and capacity buildings are important aspects to grow smooth and grow well. It has been consulting
with active stakeholders on the subject matters and informing authorities to create conducive environment through reformed
policies.
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Distributed Renewable Energy for Nepal:
Connecting the Past to the Future
Bishal Thapa
Saral Urja Nepal

The singular focus on Nepal’s hydropower as a source for electricity generation has served Nepal poorly. The rapid emergence
of new clean energy technologies is changing the way people produce and use energy. Within a digitally interconnected world,
such energy solutions are fundamentally altering how the energy system accommodates these innovations. To overcome the
seasonal limitation of Nepal’s water resources, and to ensure reliable, affordable, inclusive, and sustainable for all, Nepal must
understand and embrace the technological changes sweeping the energy world.

Hydrogen Ecosystem for Sustainable Development of Nepal
Biraj Singh Thapa and Bhola Thapa
Kathmandu University

Hydropower development in Nepal is at the focus of the national priority. More than 20000 MW of hydropower projects are
under some stage of development. With the forecasted domestic demand for electricity is much lower than its production
within a few years, there has been a sudden surge for discussions around the sustainability of the hydropower sector in Nepal.
Hydrogen to Fertilizer production is also evolving as the potential business for Nepal that could contribute to hydropower, food
security, local employment, trade deficit, and many others to list.
The production and supply of green hydrogen energy from hydropower could be one of the innovative businesses for Nepal
in the future. As the rest of the word is making a transition towards the hydrogen-based economy, the developing country
like Nepal cannot alone remain behind. There is a need to initiate scientific exploration and research on this technology at the
Nepalese academic institutions.
A Green Hydrogen Lab has been established under the Department of Mechanical Engineering, Kathmandu University. The Lab
carries a vision of, “Nepalese industries specialized to produce, store, transport, and use green hydrogen energy at a commercial
level”. The research activities are directed towards achieving a long term goal of developing a hydrogen ecosystem in Nepal with
hydropower as the primary source of energy.
There is a need for a broader international collaboration for the knowledge and technology transfer to Nepal. Since the
technology has achieved a much higher development stage at the global level, for Nepal the start would be knowledge transfer
and local adaptation. If the initiation is taken earlier the transition period of the technology transfer will be much shorter.
Intervention made by the Universities, Government, Industries, Non-resident Nepalese at present can open a new dimension
for sustainable hydropower and hydrogen ecosystem in Nepal.

8

2Nd Nrn Global
Knowledge Convention

Geographic Information System Assessment for Identification of
Pumped Storage Hydropower Potential in Nepal
Rupesh Baniya, 2Ashish Shrestha, 3Prithvi Khadka, 4Shashank Karki and 5Ramesh Kumar Maskey

1

Institute of Engineering, Tribhuvan University, Nepal
Department of Electricity Development, Government of Nepal
3
Chilime Engineering and Services Company Ltd., Nepal
4
School of Engineering, Kathmandu University, Nepal
5
Nepal Academy of Science and Technology (NAST)
1
2

Daily electricity demand peak during the time interval of 18:00 to 20:00 hours, at dry as well as wet seasons, is a typical load
scenario of the Nepalese power system. It has been an effort of the Nepalese Government to manage the electricity demand
through the implementation of the ten-year action plan (within 2025) to achieve 15000MW installed capacity. Of which 3035% shall be contributed by storage and pumped storage scheme. However, identifying potential sites for the development
of such projects is relatively inadequate compared to the traditional hydropower schemes viz. Run-of-River and Peaking Runof-River projects. At present, the Nepalese Power System is dominated by the Run-of-River projects which cover the base and
intermediate power demand.
In contrast, the peak demand is shared mainly by the power import from India. Owing to highly limited potential pumped
storage sites in Nepal (two sites viz. Begnas-Rupa of 150MW and Lower Seti of 104MW), it is expedient to identify the reasonable
possibility pumped storage to meet the aforementioned envisaged objective of the Nepalese Government. The study presents
the Geographic Information System (GIS) to identify such potential sites satisfying necessary technical and environmental
criteria. The study demonstrated methodology through GIS to locate potential upper reservoir sites with flat land topography
and lower reservoir sites in the vicinity of existing river networks, lakes/glaciers, and storage sites of current and planned
hydropower projects. Multiple criteria such as minimum head, slope, storage volume, power grid proximity, road connectivity,
avoidance of protected/ conservation areas, and high altitude region (elevation above 5000masl) have been employed to map
potential pumped storage sites. Arc-GIS, Google Earth mapping technique, and analysis provide insights into the theoretical and
technical potential of pumped storage projects in Nepal.
Keywords: Pump-storage Hydropower, Run-of-River Scheme, GIS, Conservation of Water, Water Resources, Nepal Power
System, Peak Load Demand, Peaking Power Plant
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Blockchain for Smart Grid: Exploring Applications in Energy
Trading with Electrical Vehicle in V2G Network
Ravi Chandra Koirala, Keshav Dahal and Santiago Matalonga
University of the West of Scotland, UK

These days, automotive companies are designing electric and hybrid electric vehicles to help minimize emission and improve
fuel efficiency. Nevertheless, the role of electric vehicles has been advanced by the development of smart grid concept in power
grid. Smart grid technology has facilitated energy exchange between electric vehicles and the power grid in vehicle-to-grid
(V2G) network. In addition to power grid regulation, this technology has enabled reduction of the high peak demand for
electric vehicle charging. However, it is always a challenge enabling dynamic pricing and providing incentives to stakeholders
with optimized cost and profit. The proprietor of an electric vehicle may choose to purchase energy at a low price and sell it
at a higher price during peak hours. But the traditional centralised electrical trading depends on trusted third parties, and
has possibility of single point failure and privacy leakage. Further, finding the best charging location comparing energy cost
and time required is also not so easy. These challenges put intense pressure on the smart grid to design an efficient, secured,
transparent, information-symmetrical trading solutions.
Blockchain is one of such technologies whose distinct, unique and decentralized characteristics has appealed attention to
overcome aforementioned challenges in various applications including smart grid. In a smart grid, this technology could offer
pioneer solutions to most of the challenges that current grids are facing in energy trading with electric vehicle. It facilitates
auditability and traceability of energy transactions among stakeholders. This research explores the application of Blockchainbased smart grid in energy trading with electric vehicle, and demonstrate a framework which shows how the technology can
be used to trade energy with such vehicle while optimizing cost and identifying best charging location. Stakeholders use the
reverse auction process based on dynamic pricing strategy to complete the transaction, which not only improve the profit of the
less competitive power seller, but also reduce the energy buyer's costs. The buyer can choose the best charging location based on
cost and the time required. Smart contracts for this framework are built on Ethereum and the feasibility of the proposed scheme
is verified by simulation tests and comparison with existing power-trading systems.
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Development of Energy Law as an Independent Discipline:
Phenomenological Study in Contemporary Practices of Energy Law
Vijay Jayshwal
School of Law, Kathmandu University, Nepal

The autonomy of the social sciences is still a subject of debate and dialogue. The independent theorization is still somehow
considered a myth by many scholars in social science. It is not a value free subject and its construct are built on interrelated
phenomena of society. Energy law for decades was not realized as a discipline by universities around the world. Its boundaries
were not fixed, principles well not developed, weak jurisprudence analysis, reluctant of court and legislature to frame rules,
laws, guidelines, norms and interpretation etc.were a pushing factor to recognize its independence and autonomy. There are
ample reasons to consider energy law as an independent discipline with wider prospects and future for the academia and
practitioners.With the passage of time and progress made by the international communities and forced post 1980’s liberalization
and privatization brought few studied in the energy sector. The countries across the world, large and small, have been utilizing
various types of energies, based on their socio-economic capabilities, for their consumption and development. Some of the
country has poured significant amount of work in order to recognize the subject of energy law as similar to any other subject in
the university curricula.
The School of Law, Kathmandu University has kept subject of energy law as a compulsory subject with three credit hours. This is
first time in Nepal, energy law has become a subject of university with due attention. KUSL has also introduced first time Master
by Research in Energy and Infrastructure law in Nepal. The School of Law has given more emphasis on energy law in order to be
considered as an independent discipline as similar to other social sciences. The contribution made by School of law in sector of
energy law is appreciable.
This paper will attempt to review and relocate the established autonomy of energy law in and across the world. This paper will
further highlight the developmental due course of energy subject and it has applied phenomenological study of research.
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Cost-Benefit Analysis of Replacing LPG Stoves with Induction
Stoves in Rural Households of Kavre District, Nepal
Grishma Raj Dahal1 and Ramhari Poudyal2
Humboldt State University, Germany
Swansea University, UK

1
2

Nepal imports nearly 260,000 tons of Liquified Petroleum Gas (LPG) and other fossil fuels annually from India. This fuel dependency is
one of the main reasons for Nepal’s trade deficit with India. The Government of Nepal has recently started promoting electric induction
stoves for cooking as an alternative to LPG. Induction stoves are pollution free at the point of use, and they are meant to reduce Nepal's
dependence on LPG.
This study includes a cost-benefit analysis for replacing LPG stoves with induction stoves for households in rural areas of Kavre District, Nepal.
The study involved the use of data for LPG and electricity consumption for households that use LPGand have not yet adopted induction
stoves. It includes the estimated expected post-adoption (future) electricity consumption based on the cooking energy associated with the
existing (pre-adoption) LPG usage.
The results show that about two-thirds of households in the study would not benefit economically from the adoption of electric induction
stoves if there is no subsidy on the electricity. The amount of subsidy would depend on baseline electricity consumption and the LPG usage
of the households. Future analysis of the economics of a transition to induction cooking could be improved through the collection of more
precise data on LPG consumption, baseline electricity consumption, LPG prices, and the economic discount rate.
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Rapid Stochastic Optimisation of Turbomachinery Using
Lightweight ADT and SPH Based CFD Engine
Suyesh Bhattarai, 2Keshav Dahal and 2Parag Vichare

1

Aston University, UK
University of the West of Scotland, UK

1
2

Analysis of the turbomachinery in a dynamic state has always been considered challenging. Trade-offs for such analysis are
accepted in the engineering industry due to limiting computational resources. Such trade-offs include abstraction in the form
of stationary analysis or simplfied simulation conditions. Dynamic state simulation to represent performance under rotary
(working) condition can be formulated with recent advancements in computer hardware and computing algorithms. Stochastic
optimisation methods can be exploited to enhance efficiency of such turbomachinery. A system that extends the application of
Adapted Delaunay Triangulation (ADT) and Smoothed Particle Hydrodynamics (SPH) to optimise the Pelton Turbine bucket in
rotating condition has been developed and experimentally verified.
Pelton Turbine buckets are extensively defined as Nurbs surfaces or Spline patches. These surface fitting methods discount
slight variations on individual control points. Hence, minor incremental improvements obtained during optimisation is lost
using these surface definition methods. The novelty of this ADT based optimisation system lies in using individually constrained
coordinate points to define the bucket surface whose slightest change is reflected on the bucket surface. It also allows surfaces
other than the traditional ellipsoidal while maintaining the cup shape.
This novel approach to Surface Generation, Computational Fluid Dynamics (CFD) simulation and optimisation was able to
provide 1.9% increase in power output on experimental rig. Each optimisation cycle (one generation, 48 SPH simulations) with
25 surface defining coordinate points took a total of 51.68 hours to complete on a 256 core GPU. The optimisation was run with
the population size of 48 individuals for 15 generations. The similar analysis with leading volume based CFD methods require
48 hours to run one single simulation with acceptable accuracy but without any optimisation. Rapid and light weight stochastic
optimisation of the Pelton turbine bucket under rotating condition was achieved through this ADT and SPH based CFD engine.
This method can be extended to optimise hydrodynamic or fluid response surfaces found in turbomachinery, drainage basin
analysis and flood control application areas.
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Modelling of RF Energy Harvester:
Harvesting and Consumption Rate Balance for Energy Neutral
Operation and Minimum Energy Wastage
Bikrant Koirala and Keshav Dahal
School of Computing, Engineering and Physical Sciences, University of the West of Scotland

Radio Frequency Energy Harvesting (RF-EH) system has a sustainable power supply from a radio environment by harvesting
energy from RF signals for powering devices with low energy consumption. RF energy harvesting technologies are especially
useful in charging an energy storing device or to power up electronic systems wirelessly in scenarios like chemical/nuclear
plants, aircrafts or inside human/animal bodies in the form of implants where it is difficult to replace or recharge energy storing
devices manually. RF-EH system usually incorporates ‘harvest-store-use’ mechanism, i.e. the harvested RF energy is first stored
to an energy buffer and when the stored energy level is sufficient enough to power an application it is then supplied on to the
device. The harvesting system should ensure that the application works even in the worst-case scenarios, considering both
harvested and consumed energy. In addition, it should also store the excess of scavenged energy into the buffer maintaining
balance between buffer capacity and consumed energy. Developing a RF-EH system model that considers Energy Neutral
Operation (ENO), buffer requirements and ambient conditions is crucial in knowing the source, buffer and load relations within
the context of energy neutrality and zero energy wastage. To address the above situation, we propose a model that makes use
of available RF energy considering worst-case scenarios, ENO and buffer requirements. The model analysis and simulations are
performed to ensure continuous energy supply to the load maintaining balance between average energy consumption and
buffer capacity. Furthermore, this work also investigates the variations in energy consumption and buffer capacity for various
ambient conditions.
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Facilitating sustainable electricity generation,
regulation and standards
Alan Michael Creighton
Northern Powergrid, United Kingdom

This presentation considers the electricity regulation framework in Great Britain and how it has adapted and developed in recent
years to facilitate a transition to a more sustainable and low carbon economy.
Traditionally Great Britain (GB) has sourced most of its electricity from fossil fuels and nuclear. These types of large generation
plant are typically connected to the transmission network which transports electricity to the distribution system for delivery to
consumers. However, in recent years there has been significant growth in the electricity provided by renewable sources. As the
amount of electricity generated from renewable resources has increased, a significant volume of smaller renewable generation
has been connected to the distribution system.
In addition, the transition to a low carbon economy is expected to result in the electrification of both the transport and heating
sector with the consequential impact of increasing demand on the distribution system.
The change in generation mix and the change in customer use of electricity mean that there is now a greater diversity in the
way electricity is both generated and used. These changes pose new challenges to the operation of both the transmission and
distribution systems.
GB has long established ‘rules’ set out in technical and commercial regulations, codes and standards that apply to transmission
and distribution network operators and also to the generation and demand connected to them. These rules help to ensure
that customers in GB benefit from a secure and reliable supply of electricity and provide a degree of technical and commercial
certainty for all parties using the transmission and distribution systems. They have served the industry well for many decades,
however they can be seen by some to create barriers to innovation and stifle the connection and deployment of new technologies
and commercial initiatives. This presentation will provide an overview of these regulations, codes and standards, how they are
evolving to address the issues currently being considered and addressed.
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Cross-Border Electricity Infrastructure
Surya Lamsal
New York Power Authority, USA

Neighboring countries share electricity to ensure power availability, enhance resiliency, reduce cost and promote renewable
energy resources. Countries face tremendous challenges while planning, developing and managing operations of cross-border
electricity infrastructure. The electricity market requires balancing generation, market integration, transmission grid expansion
and coordinated operation. The benefits of cross-border interconnectivity are widely acknowledged. However, the expansion of
bilateral connectivity receives high political intervention and the process is often slow. This presentation identifies the challenges
and reviews existing approaches of generation and interconnection projects, including scenarios that could account for the delays
in project development. As an illustration case study, US-Canada water resource and electrical power sharing is used. Political and
governance-related issues together with economics and finances would be reviewed to explain the challenges followed by very
successful projects in operation. The conclusion of the treaty and operation mechanism would also be discussed.

Challenges and Opportunities for Electricity Regulation in Nepal
Ram Prasad Dhital
Electricity Regulatory Commission, Nepal

Nepal has been experiencing some improvements in the power sector recently but the sector has not yet been matured. The
main reason for this is that the sectoral inherent development barriers that stem from the domestic power supply, weak
governance systems, and immature regulatory provisions. In the past, electricity regulation used to be carried out by the
state-owned utility, the Nepal Electricity Authority with policy support from the Ministry of Energy, Water Resources and
Irrigation. This has been one of the challenging issues for the sectoral reform as an independent regulatory agency has not
been in existence for many years. Having this in mind, the Nepal government on May 9, 2019, established an independent
‘Electricity Regulatory Commission (ERC – N) to regulate the generation, transmission, distribution, and trade of electricity in
Nepal. There are various challenges and opportunities to promote effective regulatory mechanisms in Nepal. The regulator must
ensure that (i) consumers receive a service of good quality of electricity at fair prices (ii) service providers are efficient and earn
a reasonable return on equity allocated to investment,(iii) generation, transmission and distribution systems are developed as
per international standard following technical and non-technical aspects including health and safety (iv) disputes between
licensees and or users are resolved as per internationally established practices and procedures (v) institutional governance
of all sector players are enhanced, (vi) consumers' interest and rights are properly protected and (iv) fair and competitive
process for issuing licenses, deciding generation, transmission, and consumer tariff and power purchase agreement between
project developers and off-taker is established. This paper analyses the sectoral electricity services in Nepal and highlights the
challenges and opportunities for electricity regulation in Nepal.
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Energy as a Lens on Social Change and Resilience
Ben Campbell
Department of Anthropology and Durham Energy Institute, University of Durham, UK

The current pandemic has caused the world to pause. It has been a time for reflection about what makes us vulnerable. It has
made us think about how dependent we have become on accelerating rates of energy consumption as the norm for desirable
levels of comfort and wellbeing. In this talk I will discuss how a social scientist can use energy resilience as an indicator and a way
in to consider processes of social change that have affected Nepali communities profoundly over the last forty years. Looking at the
transformations and shocks that have marked this period, I draw attention to resilient social institutions through which communities
have coped with environmental change, political upheavals, and disruptions to infrastructures. The presentation will look in detail
at energy resilience through three pieces of research consisting of: the biomass energy transition in rural Nepal; the experience of
energy systems deprivation after the earthquakes in 2015; and a study of energy access and livelihood resilience among Kathmandu’s
informal settlers. These different contexts for understanding energy as a lens to view social change and resilience will be used to
argue that the current pandemic is revealing many systemic properties of energy relationships in directions of multiple transitions
– in energy technologies, in urbanisation and in Nepal’s relation to the global economy.

Reliable Ways to Develop Resilience Hydropower Energy
Krishna Kant Panthi
Norwegian University of Science and Technology (NTNU), Norway

In recent past the infrastructure development activities have got momentum in Nepal. Many roads are being and will be
upgraded in coming years to make transport system cost effective and safe. In addition, planning is being made to develop trans
Himalayan railway network to get direct access to both south and north directions. The renewable hydropower development
activities are in full momentum. However, the frequently occurring natural hazards caused by monsoon rain and large‐ scale
earthquakes have posed major challenges to complete infrastructure and resilience renewable hydropower energy in Nepal. In
addition, the recent pandemic of CoVID‐19 has huge impacts in these projects due to obstructed transportation and work‐flow
stoppage. How to overcome from such challenges are among the major issues to mountainous country having steep topographic
slope and active geo‐tectonic environment? The only reliable way to develop resilience hydropower energy is to enhance
transport network that function in all weather and geo‐hazard conditions. This is not possible to achieve without constructing
tunnels so that land and rock‐slide hazards are minimized. The experience gained so far from the tunnel construction projects
indicate that the construction cost per of tunnels are considerably higher. This is mainly due to insufficient capacity within Nepal
and dependency on foreign consultant and construction contractors who have limited knowledge on Himalayan geo‐tectonic
environment. Therefore, there is a strong need that a long‐term reliable, safe and cost‐effective solutions are the needed to be
developed. This can be achieved only if the engineering design, construction methods and approaches are developed in such
a way that these suits to the steep topography and challenging geological condition that our country has. This is only possible
through the local capacity building, which can only be made through specialized high level education and research within Rock
and Tunnel Engineering (both MSc and PhD Levels). In this view in mind, a new curriculum for MSc education in Rock and Tunnel
Engineering was developed for the Institute of Engineering (IoE) with direct help received from NTNU, a university renowned in
rock and tunnel engineering education and research. The new batch of MSc students are enrolled for academic year 2020/2021
and the MSc course is to start very soon.
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Commercial Compressed Biogas Plant in Nepal: Challenges and
Opportunities
Sushmita Dulal and Kushal Gurung
WindPower Nepal Pvt. Ltd.

Traditionally, Nepal has been using Biogas as a cooking fuel, especially by the households with cattle. With a better technology,
biogas can be upgraded, purified and compressed in cylinders, which could be used for electricity generation, or as transportation
and cooking fuel. In recent times, Government of Nepal has also begun promoting commercial biogas production through
subsidy and technical assistance. However, with new technology there are some obvious challenges that needs to be addressed,
especially relating to technical and policy. This paper examines two existing projects- one that converts the raw biogas into
bio-CNG, and another utilizes the biogas produced for electricity generation- to assess the challenges and opportunities of
commercial large biogas projects in Nepal. High capital investment, lack of skilled human resources for smooth operation and
maintenance of the system, lack of coordination among government, research institutions and industry, import of machinery
and equipment, inadequate after-sales service and ensuring regular supply of raw materials have been identified as prevailing
hurdles for commercial biogas projects in Nepal. The availability of a considerable amount of raw materials and the urgency to
transition towards alternative clean cooking fuel provides opportunities for upsurging biogas technology. Strengthening each
element of the technology supply chain (production, distribution and after-sales service), collaboration with institutions for
applied research in biogas system and government support in biogas sector through policy measures are pivotal to further boost
the commercial scale biogas sector in Nepal. Furthermore, tripartite coordination between Government, Industry and Academia
is also key to ensuring sustainability in commercial biogas sector.
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Zero-cost Framework for Accessing Nepal’s Commercial Wind
Energy Potential: A Case Study from Mustang
Ayush Acharya and Kushal Gurung
WindPower Nepal Pvt. Ltd.

Performing preliminary siting and tangible evaluation of wind farms is challenging for project developers in Nepal due to the high
cost of licensed micro-siting software, lack of reliable ground-based wind resource data, and difficulty in assessing geographically
morphed areas of the country. Areas with most promising wind resource profiles in Nepal are usually located in rural and remote
regions with poor accessibility, limitation in aggregated geographical data, and often isolated from electrical grid infrastructures.
Consequently, the identification of suitable locations for developing wind projects requires a complex multi-criterion analysis that
involves upfront investment. This paper elaborates on a necessity-driven framework for wind farm siting and sizing that processes
freely available project-specific parameters; geospatial data such as elevation and slope; and factual information such as land use,
transportation route, wind resource profiles, to identify project locations along with quantitative figures for electricity generation.
The framework is based on Spatial Multi-Criteria Analysis (SMCA) which combines varieties of readily available geographical
reference data into a resultant decision to identify suitable wind farm locations. The framework considers multiple Wind Turbine
Generators (WTGs) with different rated power capacities and blade lengths to provide flexible and site-specific energy yield
estimates. Finally, a tailor-made spreadsheet tool combines secondary wind resource data and power curve of WTGs to calculate
Annual Energy Production (AEP) and Levelized Cost of Electricity (LCOE) for each WTG. The final output will also have considered one
of the major losses in wind-projects know as Wake Effect which is caused by inter-turbine wind vortices as a result of changes in
wind speed caused by the impact of the turbines on each other. In a case study performed in Mustang, the total commercial wind
power potential of the entire district was calculated as 1227MW, 676MW, and 1138MW for the three different types of WTGs.

Impact of Meteorological Parameters on Atmospheric
Transmittance over Jumla
Prakash Man Shrestha
Department of Physics, Patan Multiple Campus, IoST, Tribhuvan University, Nepal

This paper reports the variation of atmospheric transmittance with meteorological parameters over Jumla (Lat.:-29.28o N,
Long.:-82.16o E and Alt.:- 2300 m above sea level) from 2011 to 2013(three years) by using CMP6 pyranometer and satellite
data. The trends of monthly and seasonal variations of atmospheric transmittance, solar insolation and clearness index have
been analyzed. The result exemplifies that during the study period, average value of global solar radiation, solar insolation
and clearness index in study period are 19.26 ± 3.88 MJ/m2/day , 4.95 ± 1.14 kWh/m2/day and 0.59 ± 0.12 respectively. The
average value of atmospheric transmittance during the whole study period is 0.60 ± 0.11. The average value of atmospheric
transmittance of ozone , Rayleigh scattering, gas mixture ,water vapor and aerosol are 0.9830 ± 0.0007, 0.8999 ± 0.0178,
0.9875 ± 0.0007, 0.8839 ± 0.0101 and 0.7836 ± 0.0909 respectively. There is positive correlation of relative sunshine hour and
negative correlation of rain fall with atmospheric transmittance. Result of this research work is beneficial for the further analysis
of solar radiation at different places improving life of flora and fauna and protecting the whole environment.
Keywords: Atmospheric transmittance, clearness index, global solar radiation, meteorological parameters, solar insolation.
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Technological Importance of Micro-grid in Sustainable
Development
Yaju Rajbhandari1, Anup Marahatta1, Ashish Shrestha1, Anand Gachhadar1, Anup Thapa1, Ramesh
Kumar Maskey2 and Petr Korba3
Department of Electrical and Electronics Engineering, Kathmandu University, Dhulikhel 45200, Nepal
Nepal Academy of Science and Technology, Lalitpur 44700, Nepal
3
School of Engineering, Zurich University of Applied Science, DH-8401 Winterthur, Switzerland
1
2

Electricity access has become a basic need to all in the current era. In a country like Nepal, the isolated energy systems (IESs) or
micro/mini-grids (MGs) with Distributed Energy Sources (DES) has played an important role to provide electricity at the rural areas.
These isolated grids help to improve the living standard as well as uplift the socio-economic standard of the rural communities.
With uplifting standard, the loads in such households are increases exponentially, since new appliances and technology has
stepped in. In the current scenario, the MGs has also adopted the new technologies such as remote monitoring and control
mechanisms, smart metering etc. However, among the thousands of MGs established in Nepal till date, only a few have access
to these technologies. Because of which, efficient and reliable operation of these systems could not be achieved, resulting in
reduced system production and even shutting down many of these microgrids. This paper aims to provide an overview of control
architecture and management strategy that is implemented on the microgrids in Nepal. It discusses how the load control and
management strategies can be implemented and/or achieved within the Nepalese MGs for their sustainable operation. This
paper discusses the various technologies for the MGs that will allow easy and stable operation with lower operation workforce
cost. The techno-economic challenges for the sustainable development of rural MGs have also discussed in this paper.

Comparative Analysis of Different
Types of Diffuser for Micro Wind Turbine
Dilip Bhattarai Upadhyay, Roshan Kumar Chhetri and Nirajan Ghimire
Kathmandu University, Nepal

With the increase in demand of clean energy, micro wind turbine would be a best option for remote and also for urban residential
areas. The Solar and Wind Energy Resource Assessment (SWERA) project executed by Alternative Energy Promotion Centre
(AEPC), has shown a very good prospect for wind energy development in Nepal with prediction of about 3,000 MW of wind
power generation in Nepal. Due to lower wind speed in most of the land area of Nepal, wind turbine is not being used. Energy
produced by wind turbine is directly proportional to the cube of wind velocity. So, if we manage to increase wind speed slightly
it would lead to increase in energy by significant amount. One concept to solve problems in areas that have low wind speed is
the use of Diffuser Augmented Wind Turbine (DWAT). Diffuser Augmented Wind Turbine (DWAT) would have a duct surrounding
the wind turbine blades that increase the cross sectional area in the stream wise direction. The pressure behind the turbine will
drop due to the wind turbine being enclosed by the diffuser, thus wind velocity approaching the turbine will increase. Different
types of Diffusers have been introduced till date to increase the velocity of wind. The main objective of the research is to perform
comparative analysis of three different types of diffuser to increases the power output of wind turbine. The CFD simulation of
Plain Diffuser, Flanged Diffuser and Collector- Diffuser is performed to find out maximum velocity each diffuser produced. With
the solution from the simulation comparative analysis of each diffuser is conducted.
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Estimating Solar and Wind Energy Potential with Economics of
Production in Provincial Level of Nepal
Deependra Neupane, 1Sagar Kafle, 2Prajal Pradhan, 1Kajiram Karki and 3Dae Hyun Kim

1

Institute of Engineering, Tribhuvan University, Nepal
Potsdam Institute for Climate Impact Research, Germany
3
College of Agriculture and Life Science, Korea
1
2

The solar and wind potential on the province of Nepal has been estimated on GIS based multi-criteria analysis. In addition we
have created solar and wind development timeline and categorized in four phases: Introductory (1974-1996), Institutional
Setup (1996-2001), Home System Development (2001-2017), and Upscaling (2017 - onward). The analysis has developed
the geospatial supply curves for each of technologies. The country possess abundant solar potential with about 47,620 MW
installed capacity potential that would generate about 7.5 times annual energy then energy that exist in country grid currently.
Relatively, wind potential is found to be relatively very small with only about 1,680 MW installed capacity. The economically
potential areas in the country that has average capacity factor greater than 0.15 for solar is found about 250 sq.km. While
about 55 sq.km of feasible land areas, possess the wind power density greater than 300 w/sq.m. Similarly, about 8100 MW of
solar energy is estimated in built-up areas. The study has shown the possibility of energy: wind and solar, resources in terms of
accessibility and economy. Using the average international capital cost of the plant, Levelized Cost of Electricity (LCOE) of solar
and wind found in optimal projects to be near 120 and 75 USD/MWh, respectively. Major potential project areas are found
nearby the existing road infrastructures which reduces the overall construction costs. The higher solar energy potential of about
18 percent in total, is estimated in the Karnali province as it lies in high mountainous areas have the presence of good solar
irradiance and large unused land area. The Gandaki province possess about of 67 percent of total wind potential. The study also
analyzed the potential in reserved and protected areas. The area about 509 sq. km out of 1,563 sq.km solar and 93 sq.km out
of 144 sq.km wind potential sites lies in protected and reserved areas of country. About 30 sq.km of feasible land area is found
to be suitable for both solar and wind power plants. The sensitivity analysis has shown that the cost of the energy depends on
Discount rated, capital cost and capacity factor. The information provided in the study would be useful for policy and decision
makers and unlocks door for further study.
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